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cell count is stable over a 3-year period (Figure 4).
Figure 2| Cumulative CV event-free survival in the low/high

CD34 " groups. Patients were categorized into the low CD34 '

group (CD34~ cells <0.37/ul, n=93) or the high CD34" group DISCUSSION _

[CD34* cells >0.37/ul, n= 123) using the cutoff value Recent studies have shown that a low number of EPCs is
determined by ROC curve analysis. CV event-free survival was associated with a poor CV outcome among non-HD patients
defined as the period before the first CV event. who had CAD.*”® The present study clearly demonstrated that

a reduced number of CD34 " cells in the peripheral blood

1 High CO34'CPCs was significantly associated with future CV events as well as
3 . e all-cause deaths in chronic HD patients. Of importance is the
£ 09 . fact that the absolute number of CD34* cells obtained from
E 08 ‘°"°°°:,.°."§,7 chronic HD patients was much lower (0.49 £0.32/ul) than
2 that obtained from patients with cerebrovascular disease
3 o7 (1.1 +0.31/pl) or control subjects (1.6 +0.2/ul)."
< Log-ank wat P=0.010 We measured the levels of CD34 * cells but not the levels
06 = - i 0 s of EPCs, which are positive for both CD34 and kinase insert
Monthe domain receptor. We have shown that circulating CD34 © cell
¢ ) levels are associated with ischemic stroke,'' brain natriuretic
Figure 3| Cumulative all-cause survival in the low/high peptide level in type 2 diabetes patients,'” and vascular risk
Eg:: g'mcag:f”::":”:gf‘;l?}':r n’:‘;’;':ﬂ;";:ehi';: associatcd_w_ith c?gnitive impairment.'? We I?ave also shown
CD34* group (CD34* cells >037/ul, n=123). that administration of CD347 cell ameliorates cerebral

Table 4| HR for cardiovascular events on Cox proportional hazard models

Univariate Multivariate

HR (95% CI) P-value HR (95% C1) P-value
CD34°* cells <037/ul 290 (1.45-587) 0.0026 2.23 (1.09-4.58) 0.028
Male 0.87 (0.39-1 45) 04
Age (years) 1.03 (1.01-1.06) o.o01 1.01 [0.97-1.04) 0.77
Duration of HD (years) 1.01 (0.95-1.04) 093
Diabetes 1.76 (0.90-3.43) 0.099
Hypertension 1.05 (0.54-2.17) 0.89
Smoking 138 (0.74-2.59) 031
Body mass index 0.90 (0.80-1.01) 0.075
History of CVD 7.85 (2.43-12.50) 0.0045 6.19 (1.63-9.90) 0014
Hemoglobin (g/100 mi) 0.93 (0.721.21) 057
WBC (107/u) 1,02 (0.87-1.19) 081
Albumin (mg/100 ml} 0.24 (0.08-0.67) 0.0066 033 (0.11-099) 0,049
HDL cholesterol (mg/100ml) 0.99 (0.97-1.02) 0.59
LDL cholesterol (mg/100 ml) 1.02 (1.01-1.03) 0,0048 1.02 (1.01-1.03) 0.011
CaxPi 1.01 (0.92-1.11) 074
Intact PTH (ng/ml} 1.00 (0.99-1.01) 0.37
C-reactive protein (mg/100 ml) 1.18 (0.89-1.56) 0.26
KTV urea 081 (0.22-298) 0.75
Erythropoietin (U/kg) 1.00 (0.99-1.01) 034
Statins 1.20 (0.46-323) 07
ARB 0.96 (0.38-8.40) 093
ACE) 1.47 (0.63-345) 037
Ca antagonist 0.91 (0.57-2.11) 078
[i-Blocker 1.08 (0.42-2.02) 084
ACEL ARH, ang pror bi Ca x Pi, calciurm-ph product; CVD, cards lar di HD, hemodialysis; HDL
memmm_, in; PTH, parathy hwmﬂN__wd:xm:mmmﬁndbymﬂMmrmmehbodul
Muitivari Includes variabl mr:nmwmmwumquns"mﬂw
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Table 5| HR for all-cause mortality on Cox proportional hazard models

Univariate

Multivariate

HR {95% CI)

P-value HR (95% C1) P-value

CD34" cells <037/l
Male

Age (years)

Duration of HD (years}
Diabetes
Hypertension
Smoking

Body mass index
History of CVD
Hemoglobin (g/100 mi)
WBC (10%/ul)
Albumin (mg/100ml)
HOL cholesterol

LDL cholesterol
CaxPi

Intact PTH (ng/mi)
C-reactive protein
KTV ea
Erythropoietin
Statins

ARB

ACEI

Ca antagonist
F-Blocker

6.17 (1.34-18.57)
0.92 (0.28-3.02)
1.11 {1.04-1.18)
1.03 {0.94-1.10)
1.86 (0.54-6.32)
1.03 (0.27-3.86)
1.32 (0.434.04)
0.73 (0.57-0.92)
2.35 (0.72-7.69)
0.86 (0.52-1.42)
1.07 (0.83-1.37)
0.19 (0.08-0.58)
0.99 (0.97-1.04)
1.01 (0.99-1.03)
1.02 (0.98-1.07)
1.00 (0.99-1.02)
1.04 (0.51-2.08)
0.56 (0.07-4.78)
1.01 (0.99-1.02)
1.80 (0.38-8.40)
0.32 (0.07-1.51)
0.60 (0.08-4.80)
0.73 (0.46-4.08)
0.57 (0.17-1.87)

0.019 0.04
0.88
0.0009
0.63
0.32
0.96
0.62
0.0087
0.15
0.56
0.62
0.0006
0.69
033
0.75
0.48
091
0.6
0.34
0.45
0.66
0.63
0.56
0.36

5.02 (1.08-23.25)

1.09 (1.02-1.15) 0.0082

0.79 (0.62-1.01)

0.16 (0.01-0.44)

ACEI, angiotensin-conventing enzyme inhibitor; ARB, angiotensin receptor blocker; Ca x Pi, calcium-phosphate product; CVD, cardiovascular disease: HD, hemadialysis. HOL

high-density lipoprotein; LDL, low-density lipop

: PTH, parathy

d hormone; K1/V .., urea ciearance x time normalized by total body water; WBC, white blood cell

Multivariate model includes variable with P< 0,05 by univariate analysis. P-values <0.05 are shown in bold.
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Figure 4| Stability of CD34 " Cell Count. Among 20 of the participants, CD34 " cell counts were measured three times. The left graph
shows the relationship between the second and the third measurements performed 3 years after enrollment, at an interval of 1 month. The
right graph shows the relationship between the first measurement and the average of the second and the third measurements,

ischemia in mice.'” In humans, injection of CD34 " cells
derived from peripheral blood improved the ischemia of the
lower limbs."® These results support the hypothesis that
circulating CD34 ™ cells are involved in the pathogenesis of
CVD. Indeed, a recent study by Fadini et al.'® demonstrates
that the levels of CD34 " cells predict cardiovascular outcome
more strongly than the levels of EPCs. In addition, previous
studies have shown that our method for quantifying
circulating CD34 ™ cells is simple and reproducible,'*2%%!
Morcover, the present study demonstrated that the CD34 *
cell count is relatively stable over 3 years. Therefore, the
measurement of CD34 ' cells would be useful for screening a
high-risk population such as chronic HD patients.

Kigney International (2008) 748, 16031609

In the present study, we set the death from any cause, not
the death from CVD, as the primary end point. We presumed
that the number of CV deaths would be too small to draw a
definite conclusion. Moreover, we thought that all-cause
death may be more suitable for this study because it would be
difficult to identify all deaths by CVD in chronic HD
patients. In fact, both patients whose recorded cause of death
was infection had suffered strokes, and one had severe
peripheral vascular disease. Although these two patients did
not die from CVD directly, their atherosclerotic vascular
diseases likely contributed to their outcomes.

We tried to enroll all of the out patients undergoing HD in
the clinic. Therefore, it is not likely that there was a selection bias.
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The major limitation of the present study would be the sample
size. It is known that cardiovascular events and all-cause
mortality in Japanese are significantly lower than those among
Caucasians and African Americans.*** In the present study, only
13 (6%) out of 216 patients died during the follow-up period. To
draw a more definite conclusion, a larger population would need
to be studied. Moreover, a previous study has shown that HD
patients who had an elevated number of circulating endothelial
cells were at risk for a CV event probably because endothelial
cells had become detached from the injured endothelium.” A
study to dlarify the relationship between circulating endothelial
cells and CD34 + cells would be worth pursuing.

In summary, the present study demonstrates that a low
level of circulating CD34 " cells predicts both future CV
events and all-cause deaths in chronic HD patients. Pending
further studies, we propose that a single measurement of
CD34 " cells taken from the peripheral blood is useful in
identifying chronic HD patients at high risk.

MATERIALS AND METHODS

Study population

All the outpatients who underwent maintenance HD therapy in
Nagoya Kyoritsu Hospital were eligible for this study. Patients who
experienced a vascular event within 30 days of measurements, and
those with evidence of infection and/or malignant disease were
excluded. A total of 216 chronic HD patients were enrolled in this
study between March 2005 and May 2005. The study was performed
according to the guidelines of the Declaration of Helsinki Principles,
and all patients gave their informed written consent to participate in
this study, which was approved by the local ethics committee,

Follow-up

Clinical follow-up was conducted until April 2007. The data for all
participants were obtained from medical records kept during the
clinical follow-up period. Patients were adequately managed with
regular HD treatment three times a week, and routine screening tests
for CVD were performed as described previously.” In brief, a standard
electrocardiogram and chest X-ray were taken every month, and an
echocardiogram and a treadmill exercise test were performed at least
once a year. When a patient showed abnormal findings in these
routine tests or symptoms of CAD during the follow-up period,
coronary angiography was adequately and promptly performed.

Previous events, CV events, and causes of deaths

The classification of previous events was made on the basis of medical
records and personal interviews. Causes of deaths were determined by
examination of hospital records, autopsy reports, and medical files of
the patients’ general practitioners. CV events were defined as incidents
requiring hospitalization due to CVD including CAD, stroke, and
peripheral artery disease, or incidents requiring hospitalization for the
purpose of perculaneous coronary intervention or coronary artery
bypass graft. Deaths from CVD including CAD, congestive heart
failure, stroke, arrhythmia, or valve disease were also defined as CV
events. End points were the first CV event and all-cause death.

Preparation of blood samples and quantification of
circulating CD34 * cells in peripheral blood

Using a modification of the International Society of Hematotherapy
and Graft Engineering guidelines,' the precise number of circulat-
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ing CD34" cells was quantified as described (the cumulative
intraassay coefficient of variation was about 7%).""'" Briefly, 0.2 ml
of heparinized peripheral blood drawn from the artenal-venous
shunt vessel before starting HD was incubated with antibodies to
CD34 and CD45, and 7AAD (Stem count kit; Beckman Coulter,
Fullerton, CA, USA) followed by lysis of red blood cells. After
adding internal controls (Stem count kit; Beckman Coulter),
samples were concentrated by centrifugation and analyzed by
Coulter CYTOMICS FC500 and XL System [I software (Beckman
Coulter). Using this method, CD34 ' cells were clearly observed asa
discrete population of CD34 * /CD45™/7AAD ™ cells.

Additional measurements of circulating CD34" cells. To
examine the stability of the CD34" cell count, additional
measurements were performed. In May 2008, 20 patients were
randomly selected from among the participants. The first measure-
ment had been performed upon enrollment. A second blood sample
was taken in May 2008, and a third sample was taken | month later.
The association between the second and the third measurements was
analyzed. Then, these two values were averaged for each of the 20
patients, and compared 1o the first measurement.

Statistical analyses

First, the relationship between the CD34 ~ count and other baseline
clinical valuables was studied by a multivariable regression analysis.
Next, a cutoff number of circulating CD34" cells (0.37/ul) was
determined by ROC analysis (area under the curve=0707) to
maximize the power of the CD34" cell count in predicting
future CV events. The patients were then categorized into two
groups according to the cell count at the time of enrollment; 3 low
CD34* group (CD34 " cells <037/ul, n=93) or a high CD34”
group (CD34 " cells >0.37/pl, n=123). The cumulative survival
rates in each group were estimated by the Kaplan-Meier method,
and the differences in survival rates between groups were evaluated
by log-rank (Mantle-Cox) method. Student’s r-test was used for
comparison of quantitative data between the groups. HRs and
confidence intervals were calculated for each factor by a Cox
univariate analysis, and prognostic factors to predict cardiac events
or all-cause death were determined. All the prognostic valuables
with P<0.25 were entered into a Cox multivariable analysis to
determine independent predictors. All the analyses were performed
using a software program, StatView 5.0 (SAS Institute, Cary, NC,
USA). Data were expressed as the mean value + s.d. Differences were
considered significant when P-value was <0.05.
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Brief Communication

Circulating CD34-positive cells provide a marker of
vascular risk associated with cognitive impairment

Akihiko Taguchi’, Tomohiro Matsuyama?, Takayuki Nakagomi®, Yoko Shimizu’,
Ryuzo Fukunaga®, Yoshiaki Tatsumi®, Hiroo Yoshikawa*, Akie Kikuchi-Taura®,
Toshihiro Soma®, Hiroshi Moriwaki’, Kazuyuki Nagatsuka®’, 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 Cerebrovascular

Disease, Hoshigaoka Koseinenkin Hospital, Osaka, Japan; *Department of Internal Medicine, Hyogo College

of Medicine, Hyogo, Japan; *Department of Hematology, Osaka Minami National Medical Center, Osaka,
Japan; °Dean’s Office, College of Medicine, Cincinnati University, Cincinnati, Ohio, USA

Maintenance of uninterru
circulating CD34-positive (CD34*) cells has been suggested as an index of cerebrovascular health,
although its relationship with cognitive function has not yet been defined. In a group of individuals
with cognitive impairment, the level of circulating CD34* cells was quantified and correlated with
clinical diagnoses. Compared with normal subjects, a significant decrease in circulating CD34* cells
was observed in patients with vascular-type cognitive impairment, although no significant change
was observed in patients with Alzheimer's-type cognitive impairment who had no evidence of
cerebral ischemia. The level of cognitive impairment was inversely correlated with numbers of
circulating CD34* cells in patients with vascular-type cognitive impairment, but not Alzheimer’s
type. We propose that the level of circulating CD34* cells provides a marker of vascular risk
associated with cognitive impairment, and that differences in the pathobiology of Alzheimer's- and
vascular-type cognitive impairment may be mirrored in levels of circulating CD34* cells in these
patient populations.

Journal of Cerebral Blood Flow & Metabolism (2008) 28, 445-449; doi:10.1038/s].jcbfm.9600541; published online

cerebral circulation is critical for neural homeostasis. The level of

8 August 2007
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Introduction

Maintaining integrity of the cerebral circulation has
a critical role in neural homeostasis. Although
analysis of risk factors for cerebrovascular disease
has certainly provided insights into mechanisms of
vascular disease, it is still difficult to predict
accurately the contribution of vascular dysfunction
in the long-term outcome of acute vascular insuffi-
ciency or in chronic neurodegenerative disorders.
For example, in Alzheimer's isease (Casserly and
Topol, 2004; Vagnucci and Li, 2003), assessment of a
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possible vascular component in the pathogenesis of
neuronal degeneration is often ambiguous during a
patient’s lifetime.

Repair of the cerebral microcirculation has tradi-
tionally been assigned to ongoing replacement of
damaged cerebral endothelium from outgrowth of
preexisting vasculature. However, recent studies
have identified circulating bone marrow-derived
immature cells, including CD34-positive (CD34%)
cells, as contributors in maintenance of the vascu-
lature; they have the potential to serve as a pool of
endothelial progenitor cells (Asahara et al, 1997)
and as a source of growth/angiogenesis factors
(Majka et al, 2001). In a previous study, we have
shown that circulating CD34* cells provide an index
of cerebrovascular function (Taguchi et al, 2004a).
We have also found that in a model of experimental
cerebral ischemia, intravenous administration of
CD34* cells improved neurologic function, at least
in part, by restoring cerebral microcirculation in the
ischemic area (Taguchi et al, 2004b).
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These results lead us to propose that circulating
immature vascular progenitor cells contribute to
neural homeostasis, at least in part, through their
role in maintaining cerebral microvascular function,
Using a recently developed method that allows
precise measurement of the CD34* cell population
in peripheral blood (Kikuchi-Taura et al, 2006), we
have evaluated the level of circulating CD34* cells
in patients with impaired neurologic function of
diverse etiologies. Our goal has been to determine if
there is relationship between levels of CD34* cells,
impaired neural function, and vascular integrity.

Materials and methods

This study was approved by Institutional Review Boards
of the respective institutions (National Cardiovascular
Center, Hyogo College of Medicine, Hoshigaoka Kosei-
nenkin Hospital, and Osaka Minami National Medical
Center). All subjects provided informed consent. Indivi-
duals with Mini Mental State Examination Score (MMSE)
<24 and Clinical Dementia Rating (CDR) =0.5 were
enrolled in this study and defined as having impaired
cognitive function. In the view of history, evaluation of
symptoms, and results of brain imaging studies (magnetic
resonance imaging and single photon-computed tomogra-
phy), patients with cognitive impairment were divided
into two groups by neurologists blinded to the experi-
mental protocol: vascular-type cognitive impairment or
Alzheimer's-type cognitive impairment, according to the
criteria of Diagnostic and Statistical Manual of Mental
Disorders (4th ed, DSM-4) (American Psychiatric Associa-
tion, 1994). To exclude the contribution of vascular
element in patients with Alzheimer's-type cognitive
impairment, patients’ coexistent Alzheimer’s-type cogni-
tive impairment and cerebral infarction, observed by
magnetic resonance imaging, were excluded from this
study. In addition, patients with cognitive impairment
diagnosed as neither of the Alzheimer's type nor vascular
type were excluded. A total of 95 individuals, including
32 age-matched control subjects with no history of
vascular disease, no neuronal deficiency, and no cognitive
impairment, were enrolled. In addition, individuals
excluded from the study included: premenopausal women,
patients who experienced a vascular event within 30
days of measurements, history of cerebral hemorrhage,
and evidence of infection or malignant disease. Using a
modification of the International Society of Hemato-
therapy and Graft Engineering (ISHAGE) Guidelines
(Sutherland et al, 1996), the number of circulating CD34
* cells was quantified as described (Kikuchi-Taura et al,
2006). In brief, blood samples were incubated with
phycoerythrin-labeled anti-CD34 antibody, fluorescein
isothiocyanate-labeled anti-CD45 antibody, 7-aminoacti-
nomycin-D, and internal control (all of these reagents are
from the Stem-Kit, Beckman Coulter, Marseille, France). 7-
Aminoactinomycin-D-positive dead cells and CD45-nega-
tive cells were excluded, and the number of cells forming
a cluster with characteristic CD34* cells (i.e., low side
scatter and low-to-intermediate CD45 staining) was
counted. The absolute number of CD34* cells was
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calculated using the internal control. In this study, we used
a single measurement at the time of entry into the study, on
the basis of our previous observation that the level of
circulating CD34* cells is relatively stable (Taguchi et al,
2004a). For statistical analysis, J]MP version 5.1] (SAS
Institute Inc, Co, NC, USA) was used. Individual compar-
isons were performed using a two-tailed, unpaired Stu-
dents’ f-test. Statistical comparisons among groups were
determined using analysis of variance. Mean + s.e. is shown.

Results

Baseline characteristics of the groups are shown in
Table 1. In univariate analysis of control subjects,
each cerebrovascular risk factor and other treatment
showed no significant difference with the number of
circulating CD34* cells (data not shown),

To investigate a possible relationship between
circulating CD34* cells and cognition, the level of
circulating CD34* cells was compared among these
groups. Representative fluorescence-activated cell
sorting images are shown in Figure 1A (vascular-
type) and 1B (Alzheimer’s-type). Analysis of variance
revealed a significant decrease of CD34* cells in
patients with vascular-type cognitive impairment
compared with Alzheimer’s-type cognitive impair-
ment (P<0.001) and normal subjects (P<0.001,
Figure 1C).

To investigate further a possible association of
circulating CD34* cells with cognitive impairment,
patients with vascular-type impaired cognition were
divided into two groups according to their CDR (mild:
CDR=0.5, n=22, mean age=75.2+ 1.6 years; moder-
ate-severe: CDR>1, n=18, mean age=75.3+1.5
years) or MMSE (mild: MMSE =20, n=25, mean
age=74.2+1.4 years; moderate-severe: MMSE < 20,
n=15, mean age=77.1+1.5 years). The results
showed a significant decrease in the level of
circulating CD34* cells in moderate-severe group,
based on stratification by either CDR (Figure 1D,
P=0.01) or MMSE (Figure 1E, P=0.03) in patients
with vascular-type cognitive impairment, Similar
analysis was applied to patients with Alzheimer’s-
type impaired cognition. They were divided into two
groups according to CDR (mild: n=8, mean age =73.0
+4.7 years; moderate-severe: n=15, mean age=77.5
1 1.9 years) or MMSE (mild: n=12, mean age =74.1+
3.0 years; moderate-severe: n=11, mean age=77.8+
2.9 years). However, in contrast to patients with
vascular-type impaired cognition, there was no
significant difference observed in patients with
Alzheimer’s-type cognitive impaired, based on CDR
(Figure 1F, P=0.86) or MMSE (Figure 1G, P=0.60).

Discussion

Our results are consistent with a contribution of
circulating CD34* cells in support of cognitive
function, presumably through their positive homeo-
static influence on the cerebral circulation in
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Table 1 Baseline characteristics

Cognitive impairment

Total Vascular-type Alzheimer’s-type Control P-value for trend
n a5 40 23 32
Age, years 749406 75.3+1.1 758121 74.24+0.7 0.53
Male gender, n (%) 57 (60) 27 (68) 12 (52) 18 (56) 0.46
Risk factor, n (%)
Hypertension 41 (43) 21 (53) 9 (39) 11 (34) 0.28
Hyperlipidemia 29 (31) 14 (35) 5 (22) 10 (31) 0.53
Diabetes mellitus 9 (9) 5 (13) 1(4) 3(9) 0.57
Smoking 20 (21) 10 (25) B6(26) 4 (13) 0.34
Treatment, n (%)
Ca-channel blocker 30 (32) 15 (38) 6 (26) 9 (28) 0.56
fi-Blocker 2(2) 1 (3) o (0) 1(3) 0.71
ACE inhibitor 4 (4) 3 (8) 1(4) 0 (0) 0.29
ARB & (a) 3 (8) 3 (13) 2 (6) 0.65
Diuretics 6 [6) 2(5) 1(4) 3(a) 0.68
Statin 29 (31) 14 (35) 5 (22) 10 (31) 0.54
Aspirin 28 (28) 23 (58) 1(4) 4 (13) <0.01
Ticlopidine 11(12) 9 (23) D (o) 2 (6) 0.01

ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker.
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Figure 1 Levels of circulating CD34* cells and cognitive impairment. (A and B) After exclusion of 7-AAD-positive dead cells and
CD45-negative cells (non-leukocyte), CD34* cells cluster at low side scatter were clearly observed (A, vascular-type; B,
Alzheimer's-type). (C) Analysis of variance revealed a significant decrease in circulating CD34 * cells in patients with vascular-type
cognitive impairment compared with normal subjects and individuals with Alzheimer's-type cognitive impairment. In contrast, no
significant change in circulating CD34 * cells was observed in patients with Alzheimer's-type cognitive impairment compared with
control subjects. (D and E) In the group of patients with vascular-type cognitive impairment, the level of circulating CD34 * cells was
significantly reduced in patients with more severe cognitive impairment compared with the more mildly affected group (D, CDR; E,
MMSE). (F and G) In contrast, no significant difference was observed in patients with Alzheimer's-type cognitive impairment based
on assessment of cognition (F, CDR; G, MMSE). SS Lin, side-scatter linear scale. *P < 0.05.

settings of ischemic stress. Further, these observa-  associated cerebral ischemia) and declining cogni-
tions suggest a basic difference between the patho-  tive function in patients with ischemic cerebro-
biology of dementia in Alzheimer’s disease (without vascular disorders.
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Late onset, sporadic Alzheimer's disease is a
heterogeneous disorder (Casserly and Topol, 2004)
and the contribution of a vascular factor is still
controversial. In contrast to vascular-type cognitive
impairment, no significant change (at most, a mild
increase) in the level of circulating CD34* cells was
observed in patients with Alzheimer's-type cogni-
tive impairment who had no cerebral ischemia.
Consistent with a CD34* cell-independent mecha-
nism of cognitive decline in Alzheimer’s-type
impaired cognition, there was no correlation be-
tween circulating CD34* cells and the level of CDR
or MMSE. These results suggest that the level of
CD34* cells in the peripheral circulation might
provide a useful means of separating dementia with
a vascular etiology from dementia associated with
nonvascular causes. This is not inconsistent with a
previous report indicating decreased levels of CD34
* cells in patients with early Alzheimer’s disease
that did not exclude patients with coexisting
cerebral ischemia (Maler et al, 2006). Our findings
could have implications for treatment, especially as
more modalities become available for patients with
declining cognitive function.

The level of circulating endothelial progenitor
cells, identified based on positivity for CD34 and
kinase insert domain receptor (CD34*/KDR* cells),
has been correlated with cardiovascular risk factors
(Vasa et al, 2001) and cardiovascular outcomes
(Schmidt-Lucke et al, 2005; Werner et al, 2005).
However, large variations in the levels of CD34°*/
KDR* cells in the latter reports (by ~100-fold
between reports; Fadini et al, 2006; Werner et al,
2005) indicate the need to standardize this measure-
ment. In contrast, in our study, although there was
no strong correlation between levels of CD34* cells
and established cardiovascular risk factors and other
treatments, probably because of the heterogeneity
of our control subjects, the results indicate a close
relationship between the overall CD34* pool and
the cognitive impairment with cerebral ischemia.
Previous reports have indicated a positive correla-
tion between mobilization of CD34* cells and
improved functional outcome in stroke patients
(Dunac et al, 2007). Accelerated functional recovery
after experimental stroke, because of administration
of CD34"* cells (Shyu et al, 2006; Taguchi et al,
2004b), suggests the possible contribution of CD34+
cells in maintenance of brain function during
cerebral circulation. Our method for quantification
of CD34* cells is simple, reproducible (Kikuchi-
Taura et al, 2006), and suitable for screening a
broad group of patients at risk for cerebrovascular
disorders.

In conclusion, our results indicate that the level
of circulating CD34* cells provides a marker of
vascular risk associated with cognitive impairment,
Furthermore, differences in the pathobiology of
Alzheimer’s- and vascular-type cognitive impairment
may be mirrored in levels of circulating CD34*
cells in these patient populations.

Journal of Cerebral Blood Flow & Metabolism (2008) 28, 445-449
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Circulating bone marrow derived immature cells, including CD34-positive (CD34") cells,
contribute to maintenance of the vasculature, not only as a pool of endothelial progenitor
cells (EPCs), but also as a source of growth/angiogenesis factor. We hypothesized that the
thiazolidineone compound pioglitazone could stimulate the circulating CD34* cells in
diabetic patients. Thirty-four patients with type 2 diabetes received 15-30 mg pioglitazone
for 24 weeks. The number of circulating CD34* cells significantly increased at 12 and
continued this effect for 24 weeks (1.08 = 0,39, 1,34 + 0.34 and 1.32 + 0.28 cells/ul at 0, 12
and 24 weeks, respectively). The change of CD34* cell levels (ACD34 " cells) between 0 and 12
weeks was significantly correlated with the change of high sensitive C reactive protein levels
(Ahs-CRP) and change in adiponectin levels (Aadiponectin) (r= —0.412, r=0.359, respec-
tively). Our study demonstrated that pioglitazone treatment increased circulating CD34*
cells, suggesting that this effect may at least partly contribute to the anti-atherosclerotic
action of pioglitazone.

(@ 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

recent report indicates that circulating CD34" cells are more
strongly correlated with cardiovascular risk than circulating

Endothelial dysfunction plays a pivotal role in the progression
of the atherosclerosis. Circulating EPCs contribute to the
maintenance of vascular homeostasis and repair. They also
play an important role in the maintenance of vascular
endothelial function [1,2). In diabetic patients, both a decrease
in number and function of circulating EPCs are reported,
suggesting that circulating EPCs participate in diabetic
vascular complications [3].

Recent studies have identified circulating bone marrow
derived immature cells, including CD34" cells, contribute to
maintenance of the vasculature, not only as a pool of EPCs, but
also as a source of growth/angiogenesis factor [4]. In fact, one

* Corresponding author. Tel.: +81 6 6833 5012; fax: +81 6 6872 7486,
E-mail address: makinoh@hsp.ncve.go.jp (H. Makino).

CD34"/kinase insert domain receptor (KDR)* cells generally
regarded as EPCs [5]. We have also reported that circulating
CD34" cell levels are associated with cerebral infarction [6].
These findings indicate that persistent stimulation of CD34"
cells may be a useful method to repair endothelial injury and
microcirculation, and to suppress the progression of athero-
sclerotic disease at least theoretically. Recent experimental
and clinical studies demonstrate that thiazolidinediones,
peroxisome-proliferator-activated receptor y (PPARy) ago-
nists, has the effects on the prevention of atherosclerosis
including the maintenance of vascular endothelial function
[7-9]. Therefore, we hypothesized that the thiazolidineone

0168-8227/$ - see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.diabres.2008,05.012
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compound pioglitazone could stimulate the circulating CD34"
cells in diabetic patients.

strength of correlation between variables was performed
using Spearmann's correlation coefficient.

2. Methods

21.  Study subjects

All subjects gave a written informed consent. The study was
approved by the local ethics committee. Thirty-four patients
with type 2 diabetes (age 60 + 10, M/F; 18/16, HbA1c 9.3 = 1.4%)
received 15 or 30 mg pioglitazone for 24 weeks (15mg; 31
patients, 30 mg; 3 patients). Other medications for diabetes,
hypertension and hyperlipidemia were unchanged through-
out the study. Insulin was given to 9 patients. Sulfonylurea
was given to 15 patients. Biguanide was given to 21 patients.
Alpha glucosidase inhibitor was given to 10 patients. Angio-
tensin converting enzyme inhibitor and/or angiotensin recep-
tor blocker was given to 21 patients. Statin was given to 18
patients. Sixteen patients afflicted with cardiovascular dis-
eases (CVD). Eighteen patients afflicted with nephropathy, 14
patients afflicted with retinopathy, and 15 patients afflicted
with neuropathy.

2.2.  Measurement of CD34" cells

Three milliliters of heparinized peripheral blood were
obtained after 12-h fasting and measured CD34" cells. The
precise number of circulating CD34" cells was quantified as
we described previously [10]. We evaluated circulating CD34"
cells with Stem-Kit™ (BeckmanCoulter, Marseille, France)
according to manufacturers' protocols. These protocols are
based on International Society of Hematotherapy and Graft
Engineering (ISHAGE) Guidelines [11], and are frequently
used for quantification of CD34" cells mobilized into
peripheral blood. To increase the reproducibility of CD34"
cell counts, the protocol of Stem-Kit was modified as follows:
the blood sample volume, antibodies and lysing solution
were doubled. After adding 30 ul of internal control (Stem
count: BeckmanCoulter), samples were centrifuged for S min
at 450 x g and 3860 ul of supernatant was removed carefully
with a pipet. Samples were analyzed by Coulter CYTOMICS ™
FC500 & XL-system II software (BeckmanCoulter) for 6 min
each.

2.3.  Other laboratory analysis

Blood samples were taken after 12-h fasting to measure
adiponectin and, high sensitive C-reactive protein (hs-CRP)
concentrations. Serum adiponectin and concentration was
measured by enzyme-linked immunosorbent assay (SRL,
Tokyo, Japan). Serum hs-CRP concentration was measured by
latex nephelometry method (SRL, Tokyo, Japan). We also
measured HbAlc, total cholesterol, HDL cholesterol and
triglyceride levels.

2.4.  Statistical analysis

Data was expressed using the mean + 5.D. The Student's t-test
was used to compare parameter changes over time. The

3. Results
3.1.  Effects of pioglitazone on glucose and lipid metabolism

Treatment of pioglitazone significantly decreased HBAlc
levels (9.3 = 14,74+ 1.2and 7.5+ 1.7% at 0, 12 and 24 weeks,
respectively). Systemic blood pressure levels did not change
throughout the study period. BMI did not change throughout
the study period (268 +3.2, 275+3.0and 279+ 33 at 0, 12
and 24 weeks, respectively). Total cholesterol and triglyceride
levels did not change throughout the study, whereas HDL
cholesterol levels significantly increased at 12 and 24 weeks
(1.08 + 0.39, 1.34 + 0.34 and 1.32 + 0.28 mmoi/l at 0, 12 and 24
weeks, respectively).

3.2.  Effects of pioglitazone on adiponectin and
inflammatory marker

The inflammatory marker, hs-CRP significantly decreased at 12
and 24 weeks (1518 + 2350, 840 + 975, and 838 + 904 ng/ml at 0,
12, and 24 weeks, respectively). Serum adiponectin levels
significantly increased at 12 and 24 weeks (5.0+ 22,135+ 6.7
and 13.8 + 8.4 ug/ml at 0, 12 and 24 weeks, respectively). The
change in adiponectin levels between 0 and 12 weeks
(Aadiponectin) of 30 mg pioglitazone was significantly larger
than 15 mgof pioglitazone (1Smg 7.9 £ 4.7vs. 30 mg 19.6 £ 2.5,
p < 0.05), whereas there was no significant difference in the
change in hs-CRP levels (Ahs-CRP) between 15 mg and 30 mg of
pioglitazone (15 mg; 267 + 322 vs. 30 mg; 480 =+ 1883),

3.3.  Effects of pioglitazone on circulating CD34" cell level

The number of circulating CD34° cells significantly increased at
12 and 24 weeks (0,90 + 0.48,1.10 + 0,50, and 1.10  0.57 cells/ul
at0, 12, and 24 weeks, respectively (Fig. 1). This effect was found
in both patients with CVD and without CVD (patients with CVD;
0.81+ 051, 1.05+ 046 and 1.04 + 0.50 cells/ul at 0, 12 and 24
weeks, respectively, n = 16, patients without CVD; 0.98 + 041,
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Fig. 2 - Correlation between ACD34" cells and AhsCRP

(r = —0.412, p = 0.017) (a), correlation between ACD34* cells
and Aadiponectin (r = 0.359, p = 0.043) (b), and correlation
between ACD34" cells and AHbA1c (r = —0.299, p = 0.108)
(c).

115+ 057 and 1.15+ 0.65cells/ul at 0, 12 and 24 weeks,
respectively, n=18), There was no significant difference in
the change in CD34" cell level (ACD34" cells) between 15 mgand
30 mg of pioglitazone (15 mg; 0.07 + 1.01 vs. 30 mg; 0.14 = 0,32).

3.4.  Factors involved in the stimulation of CD34* cells

We next investigated which factors were correlated with the
stimulation of CD34" cells. ACD34" cells were significantly
correlated with Ahs-CRP in univariate analysis (r=-0.412,
p=0.017) (Fig. 2a). Further, Aadiponectin correlated with A
CD34" cells (r=0.359, p = 0.043) (Fig. 2b). On the other hand,
change in HbA1clevels (AHbA1c) (r = —0.299, p = 0.108) (Fig. 2c),
change in HDL-C levels (AHDL-C) (r=0.253, p =0.168) and
change in triglyceride levels (Atriglycerides) (r=0.0072,
p = 0.969), were not significantly correlated to A CD34" cells.

4, Discussion

Accumulating evidence shows that PPARy agonists have anti-
atherosclerotic actions other than their blood glucose level
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reduction effects [7,9]. One recent report showed that
pioglitazone treatment could stimulate circulating EPCs in
patients with coronary artery disease and normal glucose
tolerance [12]. In this study, we demonstrated that pioglita-
zone treatment also increased circulating CD34* cells and this
effect continued for 24 weeks in type 2 diabetic patients. We
studied the effects of pioglitazone on the stimulation of CD34*
cells but not CD34°/KDR* cells regarded as EPCs. However,
these circulating CD34°* cells have the capacity to participate in
neovascularization of ischemic tissue, Indeed, their adminis-
tration enhances the repair of ischemic tissue in ischemic
stroke model [13] and improves myocardial circulation in
myocardial infarction model [14]. Clinically, circulating CD34*
cell levels were reported to be correlated with cerebral blood
flow in hypoperfusion area [6] and formation of collateral
vessels in stroke patients [15]. These reports suggest that
CD34" cells may play a role in the maintenance of micro-
circulation. One recent clinical trial, PROactive Study,
demonstrated that pioglitazone treatment could prevent
cardiovascular events including stroke in type 2 diabetic
patients [16]. Taken together, it is suggested that the
stimulation of CD34" cells may partly contribute to the
preventive effects of pioglitazone on cardiovascular diseases.
Our study also demonstrated that pioglitazone treatment
increased circulating CD34" cells in type 2 diabetic patients
irrespective of with or without CVD, suggesting that piogli-
tazone treatment may be useful for primary prevention as well
as secondary prevention of diabetic macroangiopathy.

It has been reported that the number of circulating EPCs is
inversely correlated with HbA1c levels [3]. Since pioglitazone
treatment significantly decreased HbA1lc levels and this study
did not have control group, we could not exclude the
possibility that the stimulation of CD34" cells was associated
with the improvement of glycemic control. However, the
results of this study suggest that pioglitazone may be capable
of stimulating circulating CD34* cells independently of
glycemic control because ACD34" cells was not positively
correlated with AHbAlc at levels that achieved statistical
significance.

Adipocyte derived factors and inflammation participate in
atherogenesis of type 2 diabetic patients. Accumulating
evidence show that adiponectin, one of adipocyte derived
factors, has anti-atherogenic properties, and hypoadionecti-
nemia was reported to be associated with endothelial
dysfunction [17]. Pioglitazone treatment decreased hs-CRP
levels and increased serum adiponectin levels in metabolic
syndrome subjects [8], suggesting that these effects contribute
to the anti-atherosclerotic action of pioglitazone, In this study,
we also demonstrated that pioglitazone treatment decreased
hs-CRP levels and increased serum adiponectin levels in type 2
diabetes patients. Interestingly, ACD34" cells were signifi-
cantly correlated with Ahs-CRP and Aadiponectin. An in vitro
study showed that CRP impaired EPC migration and function
[18]. In clinical study, it has been reported that circulating
EPCs were inversely correlated to serum interleukin 6
levels [19]. These reports suggested that chronic inflammation
may be involved in the regulation of EPCs. One recent
clinical study showed that circulating EPCs were positively
correlated to serum adiponectin levels in patients with
coronary artery disease [20]. Another report showed that
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adiponectin treatment increased EPC number and migration
[12]. Taken together, it is suggested that the inhibitory effects
on chronic inflammation and the effect on adiponectin
regulation of pioglitazone may be directly or indirectly
involved in the increase of CD34" cells. However, further
study is necessary to delineate this hypothesis.

In conclusion, our study demonstrated that pioglitazone
treatment increased circulating CD34" cells, suggesting that
this effect may at least partly contribute to the anti-
atherosclerotic action of pioglitazone.
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Increasing evidence points to a role for circulating endothelial progenitor cells,

populations of CD34-positive (CD34*) cells,

in maintenance of cerebral blood flow. In this
we investigated the link between the level of circulating CD34*

including
study,
cells and neovascularization at

ischemic brain. Compared with control subjects, a remarkable increase of circulating CD34~ cells
was observed in patients with angiographic moyamoya vessels, although no significant change was

observed in patients with major cerebral artery occlusion

(or severe stenosis) but without

moyamoya vessels. Our results suggest that the increased level of CD34* cells associated with
ischemic stress is correlated with neovascularization at human ischemic brain.
Journal of Cerebral Blood Flow & Metabolism advance online publication, 30 January 2008; doi:10.1038/jcbfm.2008.1

Keywords: antigens; CD34; moyamoya vessel; neovascularization

Introduction

Increasing evidence points to a role for bone
marrow-derived immature cells, such as endothelial
progenitor cells, in maintenance of vascular home-
ostasis and repair. CD34-positive (CD34%) cells
comprise a population enriched for endothelial
progenitor cells whose contribution to neovascula-
ture includes both direct participation in forming
the neovessel and regulatory roles as sources of
growth/angiogenesis factors (Majka et al, 2001).
Previously, we have shown accelerated neovascular-
ization after administration of CD34* cells in an
experimental model of stroke (Taguchi et al, 2004b)
and induced by autologous bone marrow mono-
nuclear cells (rich cell fraction of CD34* cells)
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transplanted locally into patients with limb ische-
mia (Taguchi et al, 2003). In addition, we have
observed a positive correlation between the level of
circulating CD34* cells and regional blood flow
(Taguchi et al, 2004a), and cognitive function
(Taguchi et al, 2007) in patients with chronic
cerebral ischemia.

In this study, we have evaluated the level of
circulating CD34* cells in patients with unusually
accelerated neovascularization induced by progres-
sive occlusion (or severe stenosis) of the supracli-
noid portion of the internal carotid artery, the
proximal region of the anterior, and/or middle
cerebral artery characterized angiographically by
the presence of moyamoya-like vessels (Natori et
al, 1997) that supply ischemic brain as collaterals.
We have investigated the hypothesis that circulating
bone marrow-derived immature cells might be
associated with neovascularization at ischemic sites
in the human brain.

Patients and methods

The institutional review board of the National Cardiovas-
cular Center approved this study. All subjects provided
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informed consent. A total of 50 individuals, including 24
patients with occlusion or severe stenosis (>90%) at the
C1 portion of the internal caratid artery or the M1 portion
of the middle cerebral artery, and 26 age-matched healthy
volunteers with cardiovascular risk factors, but without
history of vascular disease, were enrolled. The diagnosis
of cerebral artery occlusion or stenosis was made
angiographically and four patients were found to have
classical angiographic evidence of moyamoya-like vessels,
including one with right C1 occlusion, one with right M1
occlusion, and two with bilateral C1 severe stenosis. All
patients with cerebral artery occlusion or stenosis had a
history of cerebral infarction. Individuals excluded from
the study included patients who experienced a vascular
event within 30 days of measurements, premenopausal
women, and those with evidence of infection and/or
malignant disease. The number of circulating CD34" cells
was quantified as described (Taguchi et al, 2007). In brief,
blood samples (200 ul) were incubated with phycoerythrin-
labeled anti-CD34 antibody, fluorescein isothiocyanate-
labeled anti-CD45 antibody, 7-aminoactinomycin-D
(7-AAD), and internal control (all of these reagents are in
the Stem-Kit; BeckmanCoulter, Marseille, France). After
incubation, samples were centrifuged, and supernatant was
removed to obtain concentrated cell suspensions.
7-Aminoactinomycin-D-positive dead cells and CD45-ne-
gative cells were excluded, and the number of cells forming
clusters 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. Mean cell number of duplicate measure-
ments was used for quantitative analysis. Statistical
comparisons among groups were determined using analysis
of variance or y* test. Individual comparisons were
performed using a two-tailed unpaired Students’ f-test or
Mann-Whitney's U-test. Mean £ s.e. is shown.

Table 1 Baseline characteristics

Results

Enrolled individuals were divided into three
groups: control subjects, patients with cerebral
occlusion or severe stenosis, but without the
presence of vessels with angiographic characteris-
tics of moyamoya disease, and patients with angio-
graphic evidence of moyamoya-like vessels.
Baseline characteristics of the groups are shown in
Table 1. The modified Rankin scale evaluation of
patients with and without moyamoya-like vessels
was 0.5+0.5 and 1.3 £0.2, respectively (P=0.15).
Comparing these groups, there was a significant
difference in the ratio of gender and treatment with
aspirin between groups. However, no significant
difference was observed in the number of circulating
CD34* cells in control group between genders
(male, n=13, CD34* cells=0.93+0.10/uL; female,
n=13, CD34" cells=0.85+0.11/ul: P=0.59) and
treatment with aspirin (aspirin (+), n=6, CD34"*
cells=0.76 £ 0.12/uL; aspirin (=), n=20, CD34°*
cells =0.93 + 0.09/uL: P=0.26), indicating mild and
nonsignificant effects of gender and treatment with
aspirin on the level of circulating CD34* cells. In
univariate analysis of control subjects, each cere-
brovascular risk factor and treatment with statins
showed no significant difference in the number of
circulating CD34* cells (data not shown).

A representative angiogram showing characteris-
tics of moyamoya-like vessels is shown in Figures
1A and 1B. Angiographic moyamoya-like vessels
were observed around the M1 portion of an
occluded middle cerebral artery. Compared with a
normal subject (Figure 1C) and patients without
angiographic evidence of moyamoya-like vessels
(Figure 1D), a remarkable increase in levels of

Total Control Major artery occlusion/stenosis P-value for trend
Moyamoya (—) Moyamaya [+)
N 50 26 20 4
Age, years 60.8+1.1 60.5+1.9 61.5%1.0 50.3+5.9 0.85
Male, n (%) 33 (66) 13 (50) 18 (90) 2 (50) 0.01
Risk factor, n (%)
Hypertension a5 (70) 16 (62) 15 (75) 4 (100) 0.24
Hyperlipidemia 26 (52) 14 (54) 10 (50) 2 (50) 0.98
Diabetes mellitus 11 (22) 7 (27) 4 (20) o (0) 0.46
Smoking 15 (30) 7(27) B [40) o (o) 0.25
Treatment, n (%)
Ca channel blockers 20 (40) 10 (38) 8 (40) 2 (50) 0.91
p-Blockers 5 (10) 3 (11) 1(s) 1 (25) 0.44
ACE inhibitor 7 (14) 4 (15) 2(10) 1 (25) 0.70
ARB 12 (24) 5 (19) 5 (25) 2 (50) 0.40
Diuretics 4 (8) 2(7) 1(5) 1 (25) 0,40
Statin therapy 14 (28) 8 (34) 4 (20) 1 (25) 0.54
Aulslrln 19 (38) 6 (23) 10 (50) 3 (75) 0.05
Ticlopidine 12 (24) 3 (11) 8 (40) 1 (25) 0.08
ACE, in-converting enzyme; ARB, angiotensin 2 receptor blocker.
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Figure 1 Increased levels of circulating CD34 * cells in patients with angiographic evidence of moyamoya-like vessels. (A, B)
Representative angiogram from a patient with moyamoya-like vessels. Unusually accelerated neovascularization (based on
angiographic features of moyamoya-like vessels, arrowheads) was observed around an occlusive M1 lesion (arrow). Anterior—
posterior view (A) and lateral view (B) of the right internal carotid artery showed angiographically. (C-E) After exclusion of 7-
aminoactinomycin-D (7-AAD)-positive dead cells and CD45-negative cells (nonleukocytes), CD34 * cells cluster at low side scatter.
Representative fluorescence-activated cell sorting analyses from a control subject (C), a patient without moyamoya-like vessels (D),
and a patient with moyamoya-like vessels (E) are shown. (F) A more than two-fold increase in circulating CD34 * cells was observed
in patients with moyamoya-like vessels, compared with control subjects and patients without moyamoya-like vessels (*P < 0.001),

SS Lin: side-scatter linear scale.

peripheral CD34* cells was observed in patients
with moyamoya-like vessels (Figure 1E) based on
fluorescence-activated cell sorting. To confirm this
impression, levels of circulating CD34* cells were
quantified (control, CD34* cells=0.89+0.07/uL;
moyamoya (—), CD34* cells=0.98 + 0.13/uL; moya-
moya (+), CD34* cells=2.28 £0.53/uL) and found
to be significantly increased in patients with
moyamoya-like vessels more than two-fold higher
than in controls (Figure 1F, P<0.001).

Discussion

In this study, we have found that a feature of
unusually accelerated neovascularization, evidence
of moyamoya-like vessels in the immediate locale of
an occluded major cerebral artery, can be correlated
with a robust increase in the level of circulating

CD34* cells. The latter was determined using a
newly developed method that enables quantifica-
tion of few CD34* cells in peripheral blood in a
highly reproducible manner.

After acute cerebral ischemia, mobilization of
CD34* cells from bone marrow has been shown in
stroke patients (Taguchi et al, 2004a). Furthermore,
transplantation of CD34* cells (Taguchi et al, 2004b)
and bone marrow cells (Borlongan et al, 20044, b)
has been shown to restore cerebral blood flow in
experimental models of stroke. In chronic ischemia,
transplantation of CD34* cells has also been shown
to accelerate neovascularization, including forma-
tion of collateral vessels, in patients with chronic
ischemic heart disease (Boyle et al, 2006) and limb
ischemia (Kudo et al, 2003). In addition, there is a
report regarding the correlation between inadequate
coronary collateral development and reduced num-
bers of circulating endothelial progenitor cells in

w

Journal of Cerebral Blood Fiow & Metabolism (2008), 1-4



CD34 * cells and moyameya-like vessels
T Yoshinara et al

patients with myocardial ischemia (Lambiase et al,
2004). In this study, we show, for the first time, a
correlation between neovascularization of the cere-
bral arterial circulation and increased levels of
circulating CD34* cells. Our results support the
hypothesis that circulating CD34* cells potentially
contribute to neovascularization at sites of ischemic
brain injury.
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suffer from asymptomatic left ven-

tricular (LV) injury, including in-
creased LV mass, without apparent
myocardial ischemia. The mechanisms
underlying diabetic LV injury remain un-
clear; however, it has been suggested that
endothelial dysfunction plays a role. Ac-
cumulating evidence indicates that bone
marrow—derived endothelial progenitor
cells (EPCs) contribute to neovasculariza-
tion of ischemic tissue and endotheliali-
zation of denuded endothelium. Recent
studies have shown that circulating bone
marrow—derived immature cells, includ-
ing CD34™ cells, contribute to the main-
tenance of the vasculature, both as a pool
of EPCs and as the source of growth/
angiogenesis factors (1). We hypothe-
sized that circulating CD34™ cells might
be associated with LV dysfunction in pa-
tients with type 2 diabetes. Therefore, we
studied the correlation between circulat-
ing CD34" cell levels and plasma brain
natriuretic peptide (BNP) levels, an LV
dysfunction marker, in type 2 diabetic
patients.

RESEARCH DESIGN AND
METHODS

The institutional review board of the Na-
tional Cardiovascular Center approved

P atients with type 2 diabetes often

this study, and all subjects provided in-
formed consent. We examined 26 pa-
tients with type 2 diabetes (12 men and
14 women, duration of diabetes 16.1 *
10.7 years) who were over 60 years of age
(70.5 £ 6.4 years). Statin was given to
nine subjects. ACE inhibitor or angioten-
sin receptor blocker was given to nine
subjects, and thiazolidinedione was given
to two subjects. Subjects were excluded
from the study if they had known cardio-
vascular disease or chronic renal failure
(defined as serum creatinine =180 pmol/
1). No study subject showed hypokinesis
by echocardiography or electrocardio-
gram change, indicating m; ial isch-
emia. Systolic (SBP) and diastolic (DBP)
blood pressure and anthropometric pa-
rameters were determined. Blood samples
were taken after 12-h fasting to measure
circulating CD34* cells, plasma BNP,
fasting plasma glucose (FPG), and AIC,
Circulating CD34™ cells were quantified
by flow cytometry according to the man-
ufacturer’s protocol (ProCOUNT,; Becton
Dickinson Biosciences) as previously re-
ported (2). BNP was quantified by en-
zyme immunoassay (Tohso, Tokyo,
Japan). We further examined LV frac-
tional shortening (LVFS), LV mass index
(LVMI) (3), and peak flow velocity of the
early filling wave (E), the late filling wave
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(A), and the E/A-wave ratio (E/A) by echo-
cardiography. All echocardiograms were
performed by several expert physicians
who were blinded to CD34™ cell level.

All statistical analyses were per-
formed using JMP version 5.1.1 software
(SAS Institute). Data are expressed as
means * SD. Comparisons of number of
CD34™ cells by sex were made using the
two-tailed unpaired ¢ test. Correlations
between number of CD34* cells and clin-
ical parameters were assessed by univari-
ate liner regression analysis and multiple
regression analysis. LVMI and plasma
BNP concentrations were analyzed after
logarithmic transformation.

RESULTS
FPG levels, A1C levels, and BMis in the
study subjects were measured tobe 9.5 =
2.6 mmol/, 9.2 £ 1.8%, and 26.4 = 4.3
kg/m?, respectively. A total of 88% of the
patients had hypertension (SBP 142 * 18
mmHg, DBP 75.7 = 13.5 mmHg). Plasma
BNP levels were measured to be 95 + 319
pg/ml. Although it has been reported that
the level of BNP =100 pg/ml has a sensi-
tivity of 90% of diagnosing congestive
heart failure (CHF) in patients with CHF
symptoms (4), none of the subjects in this
study, including subjects with =100
pg/ml of BNP, showed symptoms of CHF.
The level of circulating CD34 ™ cells was
measured to be 0.76 % 0.39 cells/pl, and
there was no significant difference be-
tween sexes, The range of LVMI was
73.3-340.2, and 11 subjects applied to
the definition of LV hypertrophy (LVMI
=131 in men and =100 in women) (3).

Plasma BNP levels had a significant
inverse correlation with the number of
circulating CD34" cells (Fig. 1A),
whereas FPG, A1C, BMI, SBP, DBP, and
age showed no significant correlations.
There was a significant correlation be-
tween the number of circulating CD34™
cells and LVMI by echocardiography (Fig.
1B). LVFS and E/A were not associated
with circulating CD34" cell numbers
(LVFSr = =007, P =072, E/A T =
—0.11, P = 0.59). There was also a sig-
nificant correlation between BNP levels
and LVMI (r = 0,59, P = 0.001).

In multiple regression analysis, the
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Figure 1—Correlation between CD34" cell
numbers and plasma BNP levels (A) and cor-
relation between CD34" cell numbers and
LVMI (B) in type 2 diabetic patients (n = 26).

level of CD34™ cells was an independent
correlate of both BNP (B = —1.64,P =
0.017) and LVMI (B = —0.337, P =
0.031) in the model including age, A1C,
SBP, BMI, and medication (ACE inhibi-
tor/angi receptor blocker, statin,
and thiazolidinedione).

CONCLUSIONS — In this study, cir-
culating CD34™ cell number was found to

tly correlate with plasma BNP
level, a marker of LV dysfunction. To the
best of our knowledge, this is the first re-
port that circulating bone marrow—
derived cells are associated with diabetic
LV abnormality. Circulating CD34™ cell
numbers also significantly correlated with
LVMI, whereas they did not correlate with
LVFS (an LV systolic function marker) or
E/A (an LV diastolic function marker). LV
hypertrophy is a well-known predictor of
cardiovascular events independent of cor-
onary artery disease. The Framingham
Heart Study identified an association be-

tween diabetes and increased LV wall
thickness and mass (5). Although the
precise mechanisms underlying the asso-
ciation between diabetes and LV hyper-
trophy remain unknown, our results
suggest that reduced circulating CD34™
cell numbers may be involved in the pro-
gression of LV hypertrophy in diabetic pa-
tients. However, further investigations are
necessary to demonstrate this hypothesis.

We measured the level of CD34%
cells in this study but not the levels of
circulating CD34 */kinase insert domain
receptor (KDR) ™ cells that are regarded as
EPCs. Circulating CD34" cell levels are
associated with ischemic stroke (6), and
administration of CD34" cells amelio-
rates cerebral ischemia in mice (7). This
indicates that CD34™ cells may be in-
volved in cardiovascular disease. Indeed,
another recent report indicated that levels
of circulating CD34™ cells are more
strongly correlated with cardiovascular
risk than levels of EPCs (8). Therefore,
our results su; that measurement of
CD34" cells may provide an indicator for
diabetic LV hypertrophy.

Our study had several limitations.
First, the study was performed only by
cross-sectional analysis; therefore, a pro-
spective study is needed to clarify
whether circulating CD34 " cell numbers
predict LV injury in diabetic patients. Sec-
ond, although systemic blood pressure
did not significantly associate with
CD34" cell numbers, further investiga-
tion of normotensive diabetic patients is
needed to exclude the possible effects of
hypertension on circulating CD34™ cell
numbers, as most of the subjects in this
study were hypertensive. Despite this ca-
veat, these results may be of practical use
in elderly patients with type 2 diabetes, as
hypertension is a very common comorbid
condition in this population.

In conclusion, reduced circulating
CD34" cell numbers are significantly as-
sociated with plasma BNP concentration
and LVMI in elderly patients with type 2
diabetes. These results that de-
creased circulating CD34™ cells may be
involved in LV hypertrophy and that mea-
surement of circulating CD34 ™ cell num-

bers may be useful for the identification of
diabetic patients at high risk of LV injury.
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A physiologic model for recirculation water
correction in CMRO, assessment with '°0,
inhalation PET

Nobuyuki Kudomi, Takuya Hayashi, Hiroshi Watabe, Noboru Teramoto, Rishu Piao,
Takayuki Ose, Kazuhiro Koshino, Youichirou Ohta and Hidehiro lida

Department of Investigative Radiology, Advanced Medical-Engineering Center, National Cardiovascular
Center Research Institute, Osaka, Japan

Cerebral metabolic rate of oxygen (CMRO;) can be assessed quantitatively using '*0, and positron
emission tomography. Determining the arterial input function is considered critical with regards to
the separation of the metabolic product of >0, (RW) from a measured whole blood. A mathematical
formula based on physiologic model has been proposed to predict RW. This study was intended to
verify the adequacy of that model and a simpl procedure applying that model for wide range of
species and physiologic conditions. The formula consists of four parameters, including of a
production rate of RW (k) corresponding to the total body oxidative metabolism (BMRO.).
Experiments were performed on 6 monkeys, 3 pigs, 12 rats, and 231 clinical patients, among which
the monkeys were studied at varied physiologic conditions. The formula reproduced the observed
RW. Greater k values were observed in smaller animals, whereas other parameters did not differ
amongst specles. The simulation showed CMRO, sensitive only to k, but not to others, suggesting
that validity of determination of only k from a single blood sample. Also, k was correlated with
BMRO,, suggesting that k can be determined from BMRO,. The present model and simplified
procedure can be used to assess CMRO, for a wide range of conditions and species.
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Introduction

Cerebral metabolic rate of oxygen (CMRO,) can be
quantitatively assessed using '°0-labeled oxygen
(**0,) and positron emission tomography (PET). This
technique is based on an estimation of influx rate of
'*0, to the cerebral tissue from arterial blood. Using
information of cerebral blood flow (CBF) that may be
obtained either from a separate scan with **O-labeled
water (H3*0) or from the clearance rate '*0, of tissue,
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the oxygen extraction fraction (OEF) can also be
calculated. The arterial input function must
be determined before beginning this calculation.
More specifically, a metabolic product of 0, in
the arterial blood, as a form of **O-labeled water (i.e.,
recirculating '*O-water or RW) needs to be accurately
estimated.

The arterial whole blood radioactivity curve can be
obtained by measuring the radioactivity concentra-
tion of continuously withdrawn whole blood using a
monitoring device (Eriksson et al, 1988; Eriksson and
Kanno, 1991; Votaw and Shulman, 1998; Kudomi
et al, 2003). Assessment of a time-dependent RW
curve may be achieved by separating the plasma from
the whole blood samples. This, however, requires
labor-intensive procedures of frequent, manual
arterial blood samplings, the centrifugation of all
collected blood samples, and radioactivity measure-
ments for both whole blood and plasma (Holden
et al, 1988).

Ohta et al (1992) proposed to neglect the compo-
nent of RW from the arterial input function. This
technique fits three parameters of CMRO,, CBF, and
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