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Circulating CD34-Positive Cells Provide an Index of
Cerebrovascular Function

Akihiko Taguchi, MD; Tomohiro Matsuyama, MD; Hiroshi Moriwaki, MD; Takuya Hayashi, MD;
Kohei Hayashida, MD; Kazuyuki Nagatsuka, MD; Kenichi Todo, MD;
Katsushi Mori; David M. Stern, MD; Toshihiro Soma, MD; Hiroaki Naritomi, MD

Background—Increasing evidence points 1o a role for circulating endothelial progenitor cells, including populations of
CD34- and CD133-positive cells present in peripheral blood, in maintenance of the vasculature and neovascularization.
Immature populations, including CD34-positive cells, have been shown to contribute to vascular homeostasis, not only
as a pool of endothelial progenitor cells but also as a source of growth/angiogenesis factors at ischemic loci. We
hypothesized that diminished numbers of circulating immature cells might impair such physiological and reparative
processes, potentially contributing to cerebrovascular dysfunction.

Methods and Results—The level of circulating immature cells, CD34-, CD133-, CD117-, and CD135-positive cells, in
patients with a history of atherothrombotic cerebral ischemic events was analyzed to assess possible correlations with
the degree of carotid atherosclerosis and number of cerebral infarctions. There was a strong inverse correlation between
numbers of circulating CD34- and CD133-positive cells and cerebral infarction. In contrast, there was no correlation
between the degree of atherosclerosis and populations of circulating immature cells. Analysis of patients with cerebral
artery occlusion revealed a significant positive correlation between circulating CD34- and CD133-positive cells and
regional blood flow in arcas of chronic hypoperfusion.

Conclusions—These results suggest a possible contribution of circulating CD34- and CD133-positive cells in maintenance
of the cerebral circulation in settings of ischemic stress. Our data demonstrate the utility of a simple and precise method
to quantify circulating CD34-positive cells, the latter providing a marker of cerebrovascular function. (Circulation.
2004;109:2972-2975.)

Key Words: cerebral infarction m cerebral ischemia m antigens, CD34 m stem cells

A]though it had traditionally been assumed that replace-
ment of damaged endothelium resulted only from out-
growth of preexisting vasculature, recent studies have iden-
tified endothelial progenitor cells (EPCs) that appear to
contribute to vascular homeostasis and repair.! Clinical trials
to assess the therapeutic potential of bone marrow-derived
mononuclear cells, a rich source of immature cells including
EPCs, in hind-limb?? and cardiac ischemia* have been
initiated and have, thus far, provided promising results.
Furthermore, immature cells, including CD34-positive
(CD34") cells, have been shown to contribute to maintenance
of the vasculature, not only as a pool of EPCs but also as the
source of growth/angiogenesis factors.> Bone marrow-de-
rived immature cells have also been shown to participate in
neovascularization of ischemic brain after experimental
stroke. On the basis of these results, we hypothesized that
levels of circulating immature cells might be proportional to

the resilience of the cerebral circulation to ischemic stress; ie,
lower numbers of circulating immature cells might be asso-
ciated with cerebral ischemia and infarction.

Methods

The institutional review board of the National Cardiovascular Center
approved this study. All subjects provided informed consent. Circu-
Jating CD34* cells in 50 pL of peripheral blood were quantified
according to the manufacturer’s protocol (ProCOUNT, Becton Dick-
inson Biosciences). To minimize intersample variation for measure-
ments of CD34* cells, several methods were used: A nucleic acid
dye was added as a threshold reagent; a no-wash technique was
performed to eliminate cell loss, and reverse pipetting was used: an
internal reference particle was added for determination of absolute
cell numbers; and an isotype control, matched for the concentration
of anti-CD34 antibody and fluorochrome-to-protein ratio, was in-
cluded. All measurements were performed in triplicate (Figure 1A,
control; Figure 1B, CD34). To quantify other stem cell populations
(besides CD34% cells), immature mononuclear cells were enriched
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Figure 1. Quantification of circulating immature cells in patients with stroke. Nugcieic acid dye versus CD34 PE dot plot was gated on
lymphocytes and CD45 dim leukocytes. A, Results with an isotype-matched control antibody. B, Results with anti-CD34 antibody.
Enriched immature mononuclear cells were double stained with PerCP-conjugated CD34 antibody (D) and PE-conjugated CD133 (F),
CD117 (G), or CD135 (H) antibody. The numbsr of cells in a region including brightly stained cells was counted. C and E, Staining with

isotype nonimmune control antibody.

from 2 mL of peripheral blood by antibody-mediated depletion of
mature cells according to the manufacturer’s protocol (StemCell
Technologies) using depletion cocktail, including antibodies to CD2,
CD3, CD14, CD16, CD19, CD24, CD56, and CDG6b. Enriched
immature mononuclear cells were double-stained with peridinin
chlorophyll protein (PerCP)-conjugated CD34 antibody (Figure 1D)
and phycoerythrin (PE)-conjugated CD133 (Figure 1F), CDI17
(Figure 13), or CD135 (Figure 1H) antibody. The number of cells in
a region including brightly stained cells was counted, and immature
cells were quantified using CD34* cells as an internal control. The
cumulative intra-assay coefficient of variation was 14%, 13%, 14%,
and 15%, with CD34%, CD133%, CD117%, and CD135" cell mea-
surements, respectively, from 5 stroke patients.

Atherosclerosis in the common and internal carotid arteries was
analyzed by ultrasonography to determine plaque score as described
previously.” Cerebral infarcts (diameter >S5 mm) were counted
independently by a neurologist blinded to other parameters under
study (number of circulating CD34", etc) using Tl-weighted, T2-
weighted, and {luid-attenuated inversion-recovery MRI obtained
with a 1.5-Tesla MRI scanner. The diagnosis of hypoperfusion was
made angiographically. Regional cerebral blood flow (CBF), cere-
bral blood volume, oxygen extraction fraction (OEF), and cerebral
metabolic rate of oxygen (CMRO,) were quantified by conventional
steady-state '*O PET using a PET scanner (Shimadzu) as described.®
Cerebrovascular function was evaluated in patients with chronic
hypoperfusion caused by major cerebral artery (carotid artery or M1
portion of the middle cerebral artery) occlusion or severe stenoses
(>90%) without a major stroke. Twelve patients with 15 major
arterial occlusions or stenoses had PET examinations.

To investigate the mobilization of immature cells afier acute
cerebral infarction, peripheral blood was quantified at 6 hours and 3,
7, 14, and 30 days after the onset of stroke. The episodes of acute
cerebral infarction were confirmed by the diffusion image of brain
MRI. Age-matched volunteers who had no history of cerebrovascu-
lar diseases and no neuronal deficiency were enrolled as controls
(mean age, 674 years). Test-relest intraclass correlations were
0.88, 0.75, 0.86, and 0.86 for CD34, CD133, CD117, and CD135,

respectively, obtained from 5 volunteers tested twice with an interval
of at least 10 days between samples.

Univariant correlations were performed using Pearson’s correla-
tion coefficient and Spearman’s correlation coefficient. Statistical
comparisons among groups werc determined using analysis of
variance. Individual comparisons were performed using Students’ ¢
test. In all experiments, mean*SE is reported.

Results

First, we investigated mobilization of immature cells after
acute cerebral infarction (n=35), focusing on CD34" cells.
The level of CD34* cells gradually increased to day 7 and
remained significantly above the prestroke baseline on days 7
and 14, returning to baseline levels by day 30 (Figure 2A). On
the basis of these data, we enrolled 25 patients with a history
of atherothrombotic cerebral ischemic events, excluding
those who had suffered cerebrovascular or cardiovascular
acute ischemic episodes in the 30 days before study, as well
as premenopausal females. In this group (=30 days after
stroke), no correlation was observed between the interval
after stroke and the level of circulating CD34% cells
(r=0.009, P=0.97). Characteristics of this group included
mean age of 6§*2 yearé, 20 men and 5 women, 23 patients
receiving antiplatelet therapy, 11 patients receiving antihy-
pertensive therapy, 6 patients receiving therapy for hyperlip-
idemia, 5 patients receiving therapy for diabetes mellitus
(DM), and 16 patients with a current or past history of
smoking.

Several factors were found to influence the number of
circulating CD34"* cells. Statistical analysis revealed a signif-
icant decrease in circulating CD34" cells in patients with DM
(0.5%0.1; non-DM, 1.2+0.1 cells/uL; P=0.01). In contrast,



