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Abstract

and the expression of osteogenic gene markers in CACs.

properties of EPCs.

Background: Endothelial progenitor cells (EPCs) are circulating angiogenic cells with endothelial features associ-
ated with risk for stroke. We aimed to delve into their functional characteristics. EPCs were isolated and cultured from
Ischemic Stroke (IS) patients and predictors of their variance evaluated.

Methods: This is a single-center observational study evaluating 187 consecutively hospitalized patients with IS. EPCs
were isolated from blood samples. The number of circulating angiogenic cells (CACs), colony-forming units (CFU-ECs)
and the emergence of late outgrowths endothelial cells (LOECs) were counted. We collected clinical variables and

measured the stromal cell-derived factor 1 alpha (SDF1a) serum levels. We also examined the relative telomere length

Results: CACs counts and CFU-ECs colony numbers were positively correlated (rho=0.41, p<0.001, n=187). We
found significant differences according to whether thrombolytic treatment was performed in the distribution of CFU-
ECs (odds ratio (OR) = 2.5; 95% confidence interval (Cl) 1.01-6.35; p=0.042) and CACs (OR=4.45;95% IC 1.2-15.5;
p=0.012). The main determinants of CACs variation were the number of risks factors, thrombolysis treatment, arterial
hypertension, LOECs occurrence, and the vascular endothelial growth factor expression, whereas CFU-ECs variations
depended on hemoglobin content and the relative reduction in the National Institutes of Health Stroke Scale (NIHSS)
criteria. The main predictors of LOECs appearance were thrombolysis and length of hospital stay.

Conclusions: Our study supports the relevance of patient risk factors and treatments in the analysis of the functional

Keywords: Ischemic stroke, Endothelial progenitor cells, Circulating angiogenic cells, Colony forming cells, Late
outgrowth endothelial cells, Biomarkers, Gene, Functionality

Background

Ischemic stroke (IS) represents 80-85% of stroke sub-
types and it is one of the leading causes of human death
and disability worldwide [1, 2]. The formation of new
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blood vessels or vasculogenesis substantially contribute
to the neurovascular repair process after an IS [3]. Dif-
ferent populations of progenitor cells attracted by differ-
ent trophic stimuli have been identified in remodeling
areas surrounding ischemic brain areas [4—6]. Asahara
et al, [7] first reported a subset of CD34+ cells with
endothelial features that were identified as endothelial
progenitor cells (EPCs). Soon after, it was identified that
when culturing mononuclear cells (MNCs) from human
peripheral blood samples, two types of cells can be
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differentiated to the so called early EPCs and late EPCs
[4, 5].

Further studies identified early EPCs as pro-angiogenic
hematopoietic cells [5] which are thought to be the first
cells to invade a site in response to an angiogenic stimuli
and to guide resident and circulating endothelial cells
and late EPCs to the injured sites [8]. Unlike early EPCs,
late EPCs have the ability to form capillary-like tubes and
possess high growth potential [5, 9]. Early EPCs has been
more accurately defined as circulating angiogenic cells
(CACs) [10]. Both types of cells can be distinguished by
using fluorochrome-labeled antibodies and fluorescence
activated cell analysis or by using different culture condi-
tions [5, 11-13]. CACs arise from peripheral blood cells
seeded on fibronectin-coated dishes [11]. Nevertheless,
by using some culture features it can be obtained clusters
of cells referred to as colony forming units (CFU-ECs)
that displays cells with spindle-shaped morphology and
emerge following 4-9 days of culture [14]. Both myeloid
progenitor and lymphoid cells participate in the forma-
tion of these colonies [4, 15], and it has been reported an
inverse association of EPCs-related phenotypes with car-
diovascular risk factors and aggregate cardiovascular risk
[11, 14, 16, 17].

We aimed to evaluate functional characteristic of early
CACs and CFU-ECs counts and late EPCs occurrence in
IS patients. We use a modified Rankin scale score [18]
and the National institute of Health Stroke Scale (NIHSS)
score [19] to assess clinical outcome and disease severity
after disease onset.

Methods

Study population

This study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by the
Ethics Committee of the Hospital Universitario de Gran
Canaria Dr. Negrin (approval 140157). Both verbal and
written informed consent was obtained from all individ-
ual donors. Patients were admitted into the Stroke Unit
at the Department of Neurology of the Hospital Uni-
versitario de Gran Canaria Doctor Negrin, Las Palmas
de Gran Canaria, Gran Canaria, Spain, between 2018
and 2019. After excluding other etiologies, all diagnoses
were confirmed by clinical criteria as being affected by
neurological deficits lasting longer than 24 h or clinical
transient ischemic attacks (TIAs) in which cerebral com-
puted tomography (CT) or magnetic resonance (MR)
showed acute arterial cerebral infarction related to clini-
cal findings. Patients with brain hematomas were also
excluded. We screened 187 consecutive, adult, unrelated
patients with IS, diagnosed according to the TOAST trial
criteria [20]. The severity of the neurological deficit was
assessed using the National Institutes of Health Stroke
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Scale (NIHSS) score [19] on admission (Basal-NIHSS)
and at 7 and 12 days. The delta NIHSS was calculated as
the difference between Basal-NIHSS and NIHSS at day 7.
The relative score reduction (RR-NIHSS; delta NIHSS/B-
NIHSS) and the major neurological improvement (MNI;
NIHSS improvement of 0—1 or >8 at 7 days) were also
calculated [21]. A favorable outcome was defined as a
score 0—2 on the Rankin scale score [18]. Patients were
considered eligible for recombinant tissue plasminogen
activator (rt-PA) treatment if they fulfill the inclusion
and exclusion criteria as stated in the European Coop-
erative Acute Stroke Study (ECASS III) [22]. Patients
with ischemic stroke caused by a proximal large artery
occlusion in the anterior circulation that were candidates
for intra-arterial mechanical thrombectomy were trans-
ferred to a stroke center with expertise in the use of stent
retrievers for acute ischemic stroke.

Clinical data collection

In all patients, we recorded the following data: demo-
graphics (age and sex); presence of traditional vascular
risk factors, including previously or de novo diagnosed
arterial hypertension, diabetes mellitus, hypercholester-
olemia, coronary artery disease, smoking habit, alcohol
abuse, peripheral artery disease, atrial fibrillation, previ-
ous transient ischemic attack, previous cerebral infarct,
antihypertensive treatment, treatment with statins before
the onset of stroke, body mass index (BMI), number of
days after admission, thrombolysis treatment, thrombec-
tomy treatment, and levels of glucose, HbAlc, urate, cre-
atinine, albumin, total proteins, folic acid, vitamin B12
and homocysteine, T4, TSH. A complete lipid profile and
detailed blood counts were also measured.

Cells cultures and immunofluorescent staining
Peripheral blood was sampled from patients 7 to 9 days
after symptom onset. CACs were cultured and counted
as described elsewhere [11, 12]. Cultured CACs on days
7 and 10 were manually counted using an inverted micro-
scope. CACs numbers were analyzed for each patient as
the mean of four randomly chosen fields per well of six
multiwells. CFU-EC assay was performed as described
elsewhere [23]. Colonies were counted on days 7 and
10. LOECs were obtained seeding a similar number of
MNCs on a 35 mm plated coated with collagen contain-
ing EBM-2 supplemented medium for up of two weeks.
CACs and late EPC colonies were prepared for lecithin
binding and uptake studies as previously reported [24].

Immunophenotype and gene expression in CACs

and LOECs

Gene expression patterns of hematopoietic (CD45),
steaminess (CD133) and endothelial (KDR, VEGF and
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CD31) markers were evaluated by retro-transcription
and real-time polymerase chain reaction in CACs and
LOECs. The relative expression of CXC-motif ligand
12 and CXC chemokine receptor 7, 4 and (CXCL12,
CXCR7, CXCR4) and osteogenic gene markers osteopon-
tin (OPN, vSSP-1, BNSP, bone sialoprotein), osteocalcin
(OC, BGLAP) and osteonectin (ON, Secreted Protein,
Acidic, Cysteine-Rich, SPARC) were analyzed in CACs.
The identity of the PCR products was confirmed by melt-
ing analysis and size determination in agarose gels. Gene
expression data were normalized to GAPDH expres-
sion level to obtain AC; (cycle thresholds) and positive
controls were used as calibrators. Calibrators were con-
structed with ¢cDNAs synthesized from RNAs isolated
of different cell sources known to express each analyzed
gene.

Relative telomere lengths

Telomere mass in isolated peripheral blood MCNs and
EPCs subpopulations (CACs and LOECs) was measured
as described [25].

Biochemical determinations

Biochemical determinations were performed within
usual clinical routine protocols. Stromal cell-derived fac-
tor la (SDF1a) was measured in the plasma of analyzed
patients using a R&D System ELISA kit.

Statistical analysis

Data were analyzed using the R Software [26] and
reported as mean = standard deviation (SD) or frequen-
cies and percentages. Continuous variables were tested
for normal distribution using the Kolmogorov—Smirnov
test. Comparisons between groups were analyzed using
the 2-tailed unpaired Student t test or analysis of variance
for normally distributed variables and using the Kruskal-
Wallis test for non-normally distributed variables. Due
to the great number of observations with no cell counts,
CACs and CFU-ECs counts were also transformed using
the formula, In(x+x/2) to reduce the skewness of the
data. Univariate correlations between quantitative vari-
ables and CACs and CFU-ECs counts were performed
with normalized log-transformed CACs and CFU-ECs
counts and tested for normality. Cell-counts were coded
as dummy variables presence/absence and the distribu-
tions were analyzed according to the clinical categorical
variables recorded. Categorical variables were compared
using the Pearson y” test. Odds ratios (OR) and 95% con-
fidence intervals (CI) were calculated. To identify inde-
pendent predictors of CACs counts and CFU-ECs colony
counts, stepwise linear regression analyses were per-
formed computing both forward stepwise and backward
selection to choose an optimal simple model without
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compromising accuracy. To identify predictors of LOEC
appearance logistic regression analyses were done. A
value of p <0.05 was considered statistically significant.

Results

Study population

Baseline characteristics of the 187 study subjects are
summarized in Table 1. After adjusting for all inclusion
criteria, 25% of the patients were found to be potentially
eligible and were treated with intravenous thrombolysis.
Only 1 patient treated with mechanic thrombectomy was
finally included.

EPC ex vivo cultures

CACs counts were obtained in 51.7% of the analyzed
patients (Fig. la). CFU-ECs were obtained in 9.7% of
patients (Fig. 1b). LOECs were obtained in 13.4% of ana-
lyzed samples (Fig. 2a).

Immunophenotypes and gene expression in CACs

We found similar percentages of CACs expressing CD45
and CD133 than CACs expressing only CD45. CACs
were positive for KDR, VEGF and CD31 (Fig. 1d, e). Gene
expression pattern on LOECs are depicted in Fig. 2b.

We observed a discrete expression pattern for OC,
OPN and ON genes (Fig. 3a). All evaluated cells
expressed OC and ON with a very small deviation with
respect to the reference value. A 72.7% of analyzed

Table 1 Clinical patient characteristics

Characteristic

Median, range, sample size

Age 72,31-103, 187
Basal NIHSS 7.28,0-25,139
NIHSS (7 day) 3.17,0-24,115
Percentage, sample size
Sex (woman) 33.6%, 49
IV rtPA 24.7%, 36
Hypertension 82.6%, 123
Diabetes mellitus 42.3%, 63
Hyperlipidemia 66.9%, 99
Current Smoking 25.9%, 38
Alcohol 12.9%, 19
Stroke etiology (TOAST)
Atheromatous 12.9%, 24
Cardioembolic 35.2%, 65
Lacunar 9.7%, 18
Infrequent etiology 3.2%, 6
Undetermined etiology 39%, 72

Basic demographic and clinical patient characteristics (NIHSS National Institute
of Health Stroke Scale, IV rtPA intravenous recombinant tissue plasminogen
activator, TOAST Trial of Org 10172 in Acute Stroke Treatment
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Fig. 1 Endothelial progenitor cells (EPCs). a Circulating angiogenic cells (CACs) constitute a cell population enriched in monocytes that exert their
angiogenic effects via paracrine. b Colony-forming units (CFU-ECs) are EPCs that can be obtained under certain culture conditions formed by a
combination of monocytes and T cells. CFU-ECs express endothelial markers but also myeloid and hematopoietic markers. ¢ CACs cultured from

patients were positive for Dil-Ac-LDL uptake (red areas) and FITC-UEA-I binding (green areas). d Box plot displaying the distribution if the CACs
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Fig. 2 Endothelial progenitor cells (EPCs). a Late outgrowth EPCs also referred to as late EPCs, blood outgrowth endothelial cells, and endothelial
outgrowth cells, are the only EPC subset faithfully belonging to the endothelial lineage. b Linear plot displaying the distribution of analyzed marker
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CACs expressed OPN and correlated with the numbers
of CACs (rho=0.571, p=0.017). We also observed a
discrete pattern of expression of the CXCL12/CXCR4/
CXCR7 chemokine axis genes in CACs (Fig. 3a).
CXCL12 and CXCR4 expression was strongly corre-
lated (rho=0.821; p<0.001). Only CXCR7 expression
correlated with SDF1a (rho=0.542; p =0.01). CXCl12,

CXCR4 and CXCR7 genes expressions were signifi-
cantly increased in men (Fig. 3b).

Relative telomere lengths in blood cells and CACs

and LOECs

There was a negative and non-significant correla-
tion between age and the telomere length in MNCs;
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Fig. 3 a Box plot showing the mean analyzed osteogenic and CXCL12/CXCR4/CXCR7 chemokine axis gene markers expression in CACs. Whiskers
and box bands denote quartiles. b Box plot showing gene expression between male and female. Comparison using Mann-Whitney U-test for
independent samples showed significant differences (*p =0.03, **p =0.006, ***p = 0.009)

however both CACs and LOECs showed a correlation
with age that reached significance for LOEC (rho=0.89,
p=0.037). Blood cells TLM was negatively correlated
with BMI (rho=-0.219; p=0.026) and plasma SDF-la
(rho=—0.482, p<0.001) whereas no correlations were
observed between TLM and CAC or CFU-EC. TLM-
CACs correlated with CFU-ECs (rho=0.567; p =0.022)
and HDL concentration (rho=0.592; p=0.033) and neg-
atively with triglycerides concentration (rho=—0.654;
p=0.015).

CFU-ECs, CACs and LOECs and clinical continuous variables
There was a correlation between CACs counts and
CFU-ECs numbers (rho=0.405; p<0.001). CFU-ECs
correlated with NIHSS at day 7 (rho=0.532; p=0.016),
hemoglobin (rho=0.469; p=0.021) and negatively
with the urine albumin-creatinine index (rho=-0.567;
p=0.027) whereas CACs correlated with the number of
previously risk factors (rho=0.231; p=0.015). CFU-ECs
and CACs counts transformed to their natural logarithm
were correlated with T4 level (rho=0.283; p=0.002 and
rho=0.197; p=0.033).

Mean CACs was higher in patients from which LOECs
were obtained with respect to those in which LOECs
were undetected. When patients were grouped accord-
ing to LOEC emergence, CAC was statistically different
(p=0.031).

CFU-ECs, CACs and LOECs and clinical categorical variables
There were no differences in age and sex distribution
among patients with respect to CACs and CFU-ECs

presence/absence (Table 2). We found significant dif-
ferences in the distribution of CFU-ECs appearance
(OR=2.5;95% IC 1.01-6.35; p =0.042) and CACs occur-
rence (OR=4.45; 95% IC 1.2-15.5; p=0.012) in relation
to thrombolytic treatment. Mean CFU-EC and mean
CAC were higher in patients receiving thrombolytic ther-
apy than in non-treated patient (p =0.044 and p=0.001,
respectively).

Mean CFU-ECs and mean CACs were slightly lower in
patients with NIHSS score values > =12 with respect to
patients with score <12. However, there were not signifi-
cant differences either NIHSS basal score or after 7 days.
Mean CACs was lower in patients with improvement
of <3-points than in those with >4-points (p=0.029).
No difference was observed in mean CFU-EC colony
number.

LOECs emergence was associated with male sex
(OR=4.162; 95% CI 1.38-12.47; p=0.007) and previ-
ously diagnosed hypertension (OR=1.2; 95% CI 1.1-
1.2; p=0.025). There was a higher probability to detect
LOECs in those patients with SDFla levels equal or
lower than 4.3 ng/ml (p =0.043).

Determinants of CACs and LOECs

Thrombolysis treatment, hypertension, number of risk
factors, variation in expression of VEGF, and LOECs
appearance were main determinants of CACs variation
(Table 3a). CFU-ECs variations depended on hemoglobin
and the relative reduction in NIHSS criteria (Table 3b).
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Table 2 Patient Characteristics according circulating angiogenic cells and clusters presence/absence

CACs (+) CAGCs (—) p value CFU-ECs (+) CFU-ECs (—) p value
(n=144) (n=43) (n=27) (n=160)

Age (years) 72511 705+£15 0.346 742+10 71.7£13 0331
Sex (% man) 87 (75.7) 28(24.3) 0613 13(11.3) 102 (88.7) 0114
BMI (Kg/mz) 329437 31.2+10 0.825 29.11+£5 332+36 0.891
Waist (cm) 101£11 101+4 0.835 102.5+4 1006411 0470
Laboratory

Fasting glucose (mg/dl) 1194147 124446 0.662 125+69 119+42 0.805
Hemoglobin 133+£2 13545 0.541 127£2 135+2 0.043
HbA1b 6.68+13 66714 0.756 65+1 6.7+14 0.987
Total cholesterol (mg/dl) 163.4+46 1573+44 0.488 165.7 46 161 +45 0.671
LDL cholesterol (mg/dl) 94+£45 90.5443 0.569 90.8+44 93.6445 0.624
HDL cholesterol (mg/dl) 425+£12 446+14 0.391 46£12 42+£12 0.163
Triglycerides (mg/dl) 14279 12873 0213 127 £55 141+£381 0.043
Anamnesis

Basal NIHSS 742461 6.85+54 0.878 754+56 723+60 0.586
NIHSS at day 7 311452 336+54 0.868 215+46 338453 0.302
Basal Rankin 054+1.1 052+18 0.779 07+13 05+1.1 0.698
Rankin at day 7 193+£19 207+2.1 0.807 213+20 192420 0.500
Hypertension (%) 86 (754) 28 (24.6) 0.775 20(17.5) 94 (82.5) 0.359
Diabetes mellitus (%) 49 (77.8) 14 (22.2) 0.664 11(17.5) 52(82.5) 0678
Hyperlipidemia (%) 79 (79.8) 20 (20.2) 0.183 16 (16.2) 83 (83.8) 0.980
Current smoking (%) 29(76.3) 9(23.7) 0915 7(184) 31(81.6) 0.570
Alcohol (%) 14 (73.7) 5(26.3) 0.828 3(15.8) 16 (84.2) 0974
Current medication

RAS inhibitors (%) 36 (78.3) 10(21.7) 0450 8(174) 38(82.6) 0613
Statins (%) 59(80.8) 14(19.2) 0.826 13(17.8) 60 (82.2) 0.703

CACs or CFU-ECs + or — denotes presence or absence of Circulating Angiogenic Cells and Colony-forming Units respectively. Data are present as the mean
value =+ standard deviation or number (%) of subjects

Table 3 Linear regression analyses

Beta Std. Error p value OR 2.5% 97.5%

a Multiple linear regression analysis for CACs

(Intercept) 6.59239 097212 1.59e—08 729.5 10.5 50,438
Thrombolysis 0.86720 0.15830 1.55e—06 238 1.194 4.745
Hypertension 0.64078 0.21456 0.00443 1.898 0.745 4834
LOECs —0.65849 0.29737 0.03158 0518 0.142 1.891
Risks 0.20930 0.08672 0.01967 1.233 0.845 1.799
VEGF —0.05366 0.01025 3.58e—06 0.948 0.906 0.991
Beta Std. Error Pr(>|t]) OR 2.5% 97.5%

b Multiple regression analysis for CFU-ECs

(Intercept) —0.87925 1.23767 048527 0415 0.032 5445
Hemoglobine 0.19561 0.08806 0.03746 1.216 1.013 1.460
RR —1.24604 042851 0.00841 0.288 0.118 0.701

RR relative reduction NIHSS score
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Table 4 Logistic regression analysis for LOECs emergence

Beta Std. Error p value OR 2.5% 97.5%
Intercept 1.170 2.754 0.671 3222 0.016 945
Sex —0.133 0.962 0.889 0.875 0.113 5503
Hospital Stay 0416 0.164 0011 0.659 0455 0.872
Thrombolysis 2317 1.001 0.020 10.148 1.604 90.102
NIHSS-basal —0.134 0.112 0233 0.874 0.677 1.065
Diabetes 1518 1.028 0.139 4.566 0.658 1.065
HDL 0.009 0.044 0.831 1.010 0.924 1.105
LDL 0.009 0.008 0.249 1.010 0.993 1.027
Tryglicerides —0.001 0.003 0.941 1.000 0.991 1.007
RR —1.538 1.095 0.160 0.215 0.021 1.628
Risks —0458 0497 0.356 0.633 0218 1.593
TLM —0.022 0.018 0.222 0.977 0.936 1.011

Sex (reference 1 for man), HDL high-density cholesterol, LDL low-density cholesterol, RR relative reduction in NIHSS score, Risks is the sum of the number of risk factors,

TLM relative telomere length in MNCs

Thrombolytic treatment and hospital length of stay sig-
nificantly contributed to LOECs appearance (Table 4).

Discussion

Several studies shown that the accumulation of risk fac-
tors and the presence of coronary, cerebral, or periph-
eral atherosclerosis are associated with dysfunction and
reduced numbers of EPCs [14, 17, 24, 27-29]. EPCs are
a promising therapeutic target for IS [30, 31] although
the limited availability in blood of LOECs and the limited
availability and early senescence of isolated CACs in cul-
ture conditions adversely affect its application as effec-
tive therapy [31-33]. Moreover, vascular injury or disease
may be associated with activation of osteogenic genes by
EPCs which could promote vascular calcification rather
than normal repair processes. Thus, the functional char-
acteristics of these cells are not sufficiently explored and
should be mandatory to evaluate their safety and efficacy
for the treatment of cerebral ischemia.

In this study, we determined and characterized the
number of EPCs in patients with IS and evaluate the
influence of clinical and biochemical determinants on
their variation. In isolated CAC cells we further evalu-
ated the expression of osteogenic genetic markers. We
found that major determinants of variation in the num-
ber of CACs were the thrombolytic treatment, previ-
ously diagnosed hypertension, the number of risk factors,
the variation in VEGF expression, and LOECs culture
appearance, whereas independent predictors of CFU-ECs
were hemoglobin and the relative reduction in NIHSS
criteria. Thrombolytic treatment, and hospital length of
stay contributed markedly to LOECs appearance.

We observed a low number of CFU-ECs in the evalu-
ated patients. On the other hand, the majority of CACs

(89%) did not form CFU-ECs. Despite this, the number
of CACs and CFU-ECs was correlated. These apparently
contradictory results [34] suggest that the higher the
number of CACs, the greater the probability of obtain-
ing CFU-ECs. On the other hand, it has been described
that a low number of CFU-ECs in culture is a predictive
biomarker of vascular disease [35], so there is a decreased
capacity to form CFU-ECs that is characteristic of a dam-
aged vascular condition.

In addition, patients with higher CAC and CFU-EC
cells counts had an increased probability of meeting the
selection criteria for thrombolytic treatment. Of note,
the observation that T4 levels correlated with CACs
and CFU-ECs counts could have a biological plausibil-
ity since it has been previously reported that the thyroid
hormones facilitates bone marrow stem cells and/or
progenitor cell release into the systemic circulation [36,
37]. Vascular injury initiates the adhesion of platelets to
the exposed sub-endothelium and activated platelets
secrete potent chemokines that promote the adhesion
of leukocytes and other circulating cells to the site of
injury promoting endothelial differentiation [38]. How-
ever, an excessive platelet activation might contribute to
increased thrombogenic risk [29, 38]. Conversely, other
previously described correlations that modify CFU-ECs
or CACs numbers were not found [17, 39].

We observed a negative correlation between telomere
length and the age of the patients in MNCs. On the
contrary, a positive correlation between age and tel-
omere length was observed in CACs and LOECs, being
only statistically significant for the latter [33, 40]. Also,
in CACs, CXCR4 and CXCL12 gene expression strongly
correlated. Surprisingly, only CXCR7 gene expression
correlated with plasma levels of SDFla. Although it
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is difficult to conclude from these correlations, sev-
eral studies indicate that SDF-1 regulates EPC migra-
tion via CXCR4 but not through CXCR7 [41, 42]. The
CXCL12 gene which is widely expressed in many tis-
sues throughout development, codes for SDF-1. SDF-1
is primarily thought to regulate hematopoietic stem cell
migration and mobilization into and out of the bone
marrow [43]. CXCR4 is a specific receptor for SDF-1
[44]. SDEF-1/CXCR4 interaction plays several important
physiological roles and contributes to the regulation of
EPCs recruitment in ischemic tissues [45]. However, it
has been found that SDF-1 could bind to CXCR4 and to
CXCR?7 [46).

There is a known link between osteogenesis and vas-
culogenesis which requires a successful coordination
between osteoprogenitors and blood vessels forming cells
[47]. OPN is an important pro-angiogenic factor in sev-
eral pathologies [48]. In our study, we observed that all
analyzed CAC expressed OC and ON and only a small
percentage did not express the OPN gene. Previous stud-
ies have found higher percentage of EPC expressing OCN
in patients with coronary atherosclerosis compared with
subjects with normal endothelial function and no struc-
tural coronary artery disease [49]. Since we did not evalu-
ate controls, the trend towards vascular calcification in
isolated cells it is not properly explored in this study.

LOECs are bone marrow-derived precursors of vas-
cular endothelial cells that can be mobilized to injured
endothelium or ischemic tissues where participate in the
repair of damaged endothelium and in the neovasculari-
zation of ischemic tissues [7, 23]. As in other reports, we
observed that LOEC emergence seems to constitute a
probabilistic event associated with a greater number and/
or viability of CACs [4, 50].

We acknowledge some limitations to our study. First,
culture CACs do not entirely correspond to EPC since
they include mature endothelial cells and monocyte/mac-
rophage-derived cells assuming an endothelial phenotype
in culture. Second, CFU-ECs comprise a heterogeneous
population of monocytes and T cells with distinct physi-
ological properties [51]. Third, we did not evaluated the
vasculogenic function [31] and the EPC secretome [52],
and these determinants should be considered prior to
evaluating the therapeutic role of EPCs in patients with
IS patients. Fourth, patients who received thrombolytic
treatment had more severe symptoms and large size of
ischemic stroke than those who did not receive throm-
bolysis treatment. Moreover, EPCs could be affected by
stroke subtypes, stroke severity and sampling time after
stroke onset. Therefore, the association between EPCs
appearance and thrombolytic treatment should be taken
with caution without adjusting for these variables. Fifth,
due to the absence of a control group, the cause-effect
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relationships between variables were not assessed and
the degree of relationship between them can only be
established through correlation analysis.

Conclusions

EPCs can be a useful tool for neovascularization for
the future treatment of IS, although some safety issues
need to be solved. The analysis of their properties and
functional characteristics is necessary before their use
in the treatment of ischemic diseases. Our objective
was to isolate EPCs from patients with IS to accurately
distinguish their number, origin, and associate their
presence or absence with clinical endpoints. In sum-
mary, we found that the determinants of the variation
in the number of CAC were thrombolytic treatment,
previously diagnosed hypertension, the number of
risk factors, the variation in VEGF expression and the
appearance of the LOEC culture, while the independent
predictors of CFU-EC were hemoglobin and relative
reduction in NIHSS criteria. Thrombolytic treatment
and hospital stay contributed to the appearance of
LOEC. More prospective studies are needed to deter-
mine whether interventions that target the number or
function of EPCs can play a more significant role in the
treatment of ischemic stroke.

Abbreviations

EPCs: Endothelial progenitor cells; IS: Ischemic stroke; CACs: Circulating angio-
genic cells; CFU-ECs: Colony-forming units; LOECS: Late outgrowths endothe-
lial cells; SDF1a: Stromal cell-derived factor 1 alpha; MNCs: Mononuclear cells;
NIHSS: National Institutes of Health Stroke Scale; TOAST: Trial of ORG 10,172 in
acute stroke treatment; ECASS Ill: European cooperative acute stroke study;
TLM: Relative telomere lengths.

Acknowledgements
We want to express our gratitude to our patients and their families. Thanks
also to the funding agencies for their support of the research activity.

Author’s contributions

FR-E, LT-M and JCL-F conceived the presented idea and planned the experi-
ments. JCL-F was responsible for the clinical evaluation and selection of the
patients; FR-E, LT-M and LC carried out the experiments. FR-E and JMG-M
performed the statistical analysis. LE-Q and CT-A assisted in the experiments
and helped in the patient data collection; BC and JAS-G contributed to the
design and implementation of the research and to the analysis of the results.
FR-E drafted the manuscript. LT-M and JV contributed to writing and editing.
All authors read and approved the final manuscript.

Funding

This study was supported by a grant to FR.E. from the Canary Islands Health
Research Foundation (FIISC, PIFUN33/17), and by grants from DISA Foundation
(2018) and Mapfre-Guanarteme Foundation (2018). The source of funding did
not have any impact on study design; collection, analysis, and interpretation
of data or writing of the manuscript.

Availability of data and materials
The data sets used and/or analyzed during the current study are available
from the corresponding author upon reasonable request.



Rodriguez-Esparragon et al. BMC Cardiovascular Disorders

Declarations

Ethics approval and consent to participate

The study was conducted in line with the principles of the Helsinki Declara-
tion. Approval was granted by the Ethics Committee of the Hospital Universi-
tario de Gran Canaria Dr. Negrin (approval 140157) and informed consent was
obtained from all individual donors.

Consent for publication
Not applicable.

Competing interest
Authors declare no competing interests.

Author details

'Research Unit, Hospital Universitario de Gran Canaria Dr. Negrin, Barranco

de La Ballena S/N, 35019 Las Palmas de Gran Canaria, Spain. 2Depar‘[ment

of Neurology, Hospital Universitario Dr. Negrin, Las Palmas de Gran Canaria,
Spain. 3Chronic Pain Unit, Hospital Universitario Dr. Negrin, Las Palmas de Gran
Canaria, Spain. *Radiation Oncology Department, Hospital Universitario Dr.
Negrin, Las Palmas de Gran Canaria, Spain. 5Umversitary Institute for Research
in Biomedicine and Health (iUIBS), Molecular and Translational Pharmacology
Group, University of Las Palmas de Gran Canaria, Las Palmas de Gran Canaria,
Spain. ®Spanish Group of Clinical Research in Radiation Oncology (GICOR),
28029 Madrid, Spain. ’Research Network On Health Services in Chronic
Diseases (REDISSEC), Instituto de Salud Carlos Ill, Madrid, Spain. 8Department
of Cardiovascular Surgery, Hospital Universitario Dr. Negrin, Las Palmas de Gran
Canaria, Spain. °CIBER de Enfermedades Respiratorias, Instituto de Salud Carlos
Ill, Madrid, Spain. 0L Ka Shing Knowledge Institute at St Michael's Hospital,
Toronto, ON, Canada.

Received: 8 October 2021 Accepted: 12 December 2021
Published online: 21 March 2022

References

1. Katan M, Luft A. Global burden of stroke. Semin Neurol. 2018;38:208-11.
https://doi.org/10.1055/5-0038-1649503.

2. Bevan S, Traylor M, Adib-Samii P, Malik R, Paul NLM, Jackson C, et al.
Genetic heritability of ischemic stroke and the contribution of previ-
ously reported candidate gene and genomewide associations. Stroke.
2012;43:3161-7. https://doi.org/10.1161/STROKEAHA.112.665760.

3. Carmeliet P.Mechanisms of angiogenesis and arteriogenesis. Nat Med.
2000;6:389-95. https://doi.org/10.1038/74651.

4. MinamiY, Nakajima T, Ikutomi M, Morita T, Komuro |, Sata M, et al. Angio-
genic potential of early and late outgrowth endothelial progenitor cells
is dependent on the time of emergence. Int J Cardiol. 2015;186:305-14.
https://doi.org/10.1016/j.jcard.2015.03.166.

5. HurJ,Yoon C-H, Kim H-S, Choi J-H, Kang H-J, Hwang K-K, et al. Charac-
terization of two types of endothelial progenitor cells and their different
contributions to neovasculogenesis. Arterioscler Thromb Vasc Biol.
2004;24:288-93. https://doi.org/10.1161/01.ATV.0000114236.77009.06.

6. Padfield GJ, Newby DE, Mills NL. Understanding the role of endothelial
progenitor cells in percutaneous coronary intervention. J Am Coll Cardiol.
2010;55:1553-65. https://doi.org/10.1016/jjacc.2009.10.070.

7. AsaharaT, MuroharaT, Sullivan A, Silver M, van der Zee R, Li T, et al. Isola-
tion of putative progenitor endothelial cells for angiogenesis. Science
(80-). 1997;275:964-6. https://doi.org/10.1126/science.275.5302.964.

8. Basile DP, Yoder MC. Circulating and tissue resident endothelial progeni-
tor cells. J Cell Physiol. 2013. https://doi.org/10.1002/jcp.24423.

9. Ingram DA, Mead LE, Tanaka H, Meade V, Fenoglio A, Mortell K, et al. Iden-
tification of a novel hierarchy of endothelial progenitor cells using human
peripheral and umbilical cord blood. Blood. 2004;104:2752-60. https://
doi.org/10.1182/blood-2004-04-1396.

10. Chopra H, Hung MK, Kwong DL, Zhang CF, Pow EHN. Insights into
endothelial progenitor cells: origin, classification, potentials, and pros-
pects. Stem Cells Int. 2018;2018:9847015. https://doi.org/10.1155/2018/
9847015.

(2022) 22:118

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 9 of 10

. Tagawa S, Nakanishi C, Mori M, Yoshimuta T, Yoshida S, Shimojima M, et al.

Determination of early and late endothelial progenitor cells in peripheral
circulation and their clinical association with coronary artery disease. Int J
Vasc Med. 2015;2015: 674213. https//doi.org/10.1155/2015/674213.

. Williamson K, Stringer SE, Alexander MY. Endothelial progenitor cells

enter the aging arena. Front Physiol. 2012. https://doi.org/10.3389/fphys.
2012.00030.

. Masuda H, Alev C, Akimaru H, Ito R, Shizuno T, Kobori M, et al. Methodo-

logical development of a clonogenic assay to determine endothelial
progenitor cell potential. Circ Res. 2011;109:20-37. https://doi.org/10.
1161/CIRCRESAHA.110.231837.

. Hill JM, Zalos G, Halcox JPJ, Schenke WH, Waclawiw MA, Quyyumi AA,

et al. Circulating endothelial progenitor cells, vascular function, and
cardiovascular risk. N Engl J Med. 2003;348:593-600. https://doi.org/10.
1056/NEJM0a022287.

. Yoder MC, Mead LE, Prater D, Krier TR, Mroueh KN, Li F, et al. Redefining

endothelial progenitor cells via clonal analysis and hematopoietic stem/
progenitor cell principals. Blood. 2007;109:1801-9.

. Liao S, Luo C, Cao B, Hu H,Wang S, Yue H, et al. Endothelial progenitor

cells for ischemic stroke: update on basic research and application. Stem
Cells Int. 2017;2017:2193432. https://doi.org/10.1155/2017/2193432.

. ChuK, Jung K-H, Lee S-T, Park H-K, Sinn D-I, Kim J-M, et al. Circulating

endothelial progenitor cells as a new marker of endothelial dysfunction
or repair in acute stroke. Stroke. 2008;39:1441-7. https://doi.org/10.1161/
STROKEAHA.107.499236.

. Lee SY,Kim DY, Sohn MK, Lee J, Lee S-G, Shin Y-I, et al. Determining the

cut-off score for the Modified Barthel Index and the Modified Rankin
Scale for assessment of functional independence and residual disability
after stroke. PLoS ONE. 2020;15:€0226324. https://doi.org/10.1371/journ
al.pone.0226324.

. Meyer BC, Lyden PD. The modified National Institutes of Health Stroke

Scale: its time has come. Int J Stroke. 2009;4:267-73. https://doi.org/10.
1111/j.1747-4949.2009.00294 x.

Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, et al.
Classification of subtype of acute ischemic stroke. Definitions for use in

a multicenter clinical trial. TOAST. Trial of Org 10172 in acute stroke treat-
ment. Stroke. 1993,24:35-41. https://doi.org/10.1161/01.5tr.24.1.35.
Wouters A, Nysten C, Thijs V, Lemmens R. Prediction of outcome in
patients with acute ischemic stroke based on initial severity and improve-
ment in the first 24 h. Front Neurol. 2018;9:308. https://doi.org/10.3389/
fneur.2018.00308.

Hacke W, Kaste M, Bluhmki E, Brozman M, Dévalos A, Guidetti D, et al.
Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N
EnglJ Med. 2008;359:1317-29. https://doi.org/10.1056/NEJM0a0804656.
Bayraktutan U. Endothelial progenitor cells: potential novel therapeutics
for ischaemic stroke. Pharmacol Res. 2019;144:181-91. https://doi.org/10.
1016/j.phrs.2019.04.017.

Vasa M, Fichtlscherer S, Aicher A, Adler K, Urbich C, Martin H, et al.
Number and migratory activity of circulating endothelial progenitor cells
inversely correlate with risk factors for coronary artery disease. Circ Res.
2001;89:E1.

Cawthon RM. Telomere length measurement by a novel monochrome
multiplex quantitative PCR method. Nucleic Acids Res. 2009;37:1-7.

R Core Team. R: A language and environment for statistical computing.
2019. https://www.r-project.org/.

Ghani U, Shuaib A, Salam A, Nasir A, Shuaib U, Jeerakathil T, et al.
Endothelial progenitor cells during cerebrovascular disease. Stroke.
2005;36:151-3.

Fadini GP, Losordo D, Dimmeler S. Critical reevaluation of endothelial
progenitor cell phenotypes for therapeutic and diagnostic use. Circ Res.
2012;110:624-37. https://doi.org/10.1161/CIRCRESAHA.111.243386.
Marti-Fabregas J, Delgado-Mederos R, Crespo J, Pefa E, Marin R, Jiménez-
Xarrié E, et al. Circulating endothelial progenitor cells and the risk of vas-
cular events after ischemic stroke. PLoS ONE. 2015;10:e0124895. https://
doi.org/10.1371/journal.pone.0124895.

Fang J, GuoY,Tan S, Li Z, Xie H, Chen P, et al. Autologous endothelial pro-
genitor cells transplantation for acute ischemic stroke: a 4-year follow-up
study. Stem Cells Trans| Med. 2019;8:14-21. https://doi.org/10.1002/sctm.
18-0012.

Kukumberg M, Zaw AM, Wong DHC, Toh CM, Chan BPL, Seet RCS, et al.
Characterization and functional assessment of endothelial progenitor


https://doi.org/10.1055/s-0038-1649503
https://doi.org/10.1161/STROKEAHA.112.665760
https://doi.org/10.1038/74651
https://doi.org/10.1016/j.ijcard.2015.03.166
https://doi.org/10.1161/01.ATV.0000114236.77009.06
https://doi.org/10.1016/j.jacc.2009.10.070
https://doi.org/10.1126/science.275.5302.964
https://doi.org/10.1002/jcp.24423
https://doi.org/10.1182/blood-2004-04-1396
https://doi.org/10.1182/blood-2004-04-1396
https://doi.org/10.1155/2018/9847015
https://doi.org/10.1155/2018/9847015
https://doi.org/10.1155/2015/674213
https://doi.org/10.3389/fphys.2012.00030
https://doi.org/10.3389/fphys.2012.00030
https://doi.org/10.1161/CIRCRESAHA.110.231837
https://doi.org/10.1161/CIRCRESAHA.110.231837
https://doi.org/10.1056/NEJMoa022287
https://doi.org/10.1056/NEJMoa022287
https://doi.org/10.1155/2017/2193432
https://doi.org/10.1161/STROKEAHA.107.499236
https://doi.org/10.1161/STROKEAHA.107.499236
https://doi.org/10.1371/journal.pone.0226324
https://doi.org/10.1371/journal.pone.0226324
https://doi.org/10.1111/j.1747-4949.2009.00294.x
https://doi.org/10.1111/j.1747-4949.2009.00294.x
https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.3389/fneur.2018.00308
https://doi.org/10.3389/fneur.2018.00308
https://doi.org/10.1056/NEJMoa0804656
https://doi.org/10.1016/j.phrs.2019.04.017
https://doi.org/10.1016/j.phrs.2019.04.017
https://www.r-project.org/
https://doi.org/10.1161/CIRCRESAHA.111.243386
https://doi.org/10.1371/journal.pone.0124895
https://doi.org/10.1371/journal.pone.0124895
https://doi.org/10.1002/sctm.18-0012
https://doi.org/10.1002/sctm.18-0012

Rodriguez-Esparragén et al. BMC Cardiovascular Disorders

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

cells in ischemic stroke patients. Stem cell Rev Rep. 2021;17:952-67.
https://doi.org/10.1007/512015-020-10064-z.

Shen X, Wang M, Bi X, Zhang J, Wen S, Fu G, et al. Resveratrol prevents
endothelial progenitor cells from senescence and reduces the oxidative
reaction via PPAR-y/HO-1 pathways. Mol Med Rep. 2016;14:5528-34.
Murasawa S, Llevadot J, Silver M, Isner JM, Losordo DW, Asahara T. Con-
stitutive human telomerase reverse transcriptase expression enhances
regenerative properties of endothelial progenitor cells. Circulation.
2002;106:1133-9.

Cheng S, Wang N, Larson MG, Palmisano JN, Mitchell GF, Benjamin EJ,

et al. Circulating angiogenic cell populations, vascular function, and arte-
rial stiffness. Atherosclerosis. 2012;220:145-50. https://doi.org/10.1016/].
atherosclerosis.2011.10.015.

Lin C, Rajakumar A, Plymire DA, Verma V, Markovic N, Hubel CA. Maternal
endothelial progenitor colony-forming units with macrophage charac-
teristics are reduced in preeclampsia. Am J Hypertens. 2009;22:1014-9.
https://doi.org/10.1038/ajh.2009.101.

Gothié J, Vancamp P, Demeneix B, Remaud S. Thyroid hormone regulation
of neural stem cell fate: from development to ageing. Acta Physiol (Oxf).
2020;228:13316. https://doi.org/10.1111/apha.13316.

Savinova QV, Liu Y, Aasen GA, Mao K, Weltman NY, Nedich BL, et al. Thy-
roid hormone promotes remodeling of coronary resistance vessels. PLoS
ONE. 2011,6:25054. https://doi.org/10.1371/journal.pone.0025054.
Idriss NK, Blann AD, Sayed DM, Gaber MA, Hassen HA, Kishk YT. Circulating
endothelial cells and platelet microparticles in mitral valve disease with
and without atrial fibrillation. Angiology. 2015;66:631-7. https://doi.org/
10.1177/0003319714546183.

Sobrino T, Blanco M, Pérez-Mato M, Rodriguez-Yanez M, Castillo J.
Increased levels of circulating endothelial progenitor cells in patients
with ischaemic stroke treated with statins during acute phase. Eur J Neu-
rol. 2012;19:1539-46. https://doi.org/10.1111/j.1468-1331.2012.03770.x.
Castelli G, Parolini |, Cerio AM, D'Angio A, Pasquini L, Carollo M, et al. Con-
ditioned medium from human umbilical vein endothelial cells markedly
improves the proliferation and differentiation of circulating endothelial
progenitors. Blood Cells Mol Dis. 2016;61:58-65. https://doi.org/10.1016/j.
bcmd.2016.07.007.

Dai X, Yan X, Zeng J, Chen J, Wang Y, Chen J, et al. Elevating CXCR7
improves angiogenic function of EPCs via Akt/GSK-3[3/Fyn-mediated Nrf2
activation in diabetic limb ischemia. Circ Res. 2017;120:e7-23. https://doi.
org/10.1161/CIRCRESAHA.117.310619.

Dai X, TanY, Cai S, Xiong X, Wang L, Ye Q et al. The role of CXCR7 on the
adhesion, proliferation and angiogenesis of endothelial progenitor cells.
J Cell Mol Med. 2011;15:1299-309. https://doi.org/10.1111/).1582-4934.
2011.01301 x.

Sun X, Cheng G, Hao M, Zheng J, Zhou X, Zhang J, et al. CXCL12 / CXCR4/
CXCR7 chemokine axis and cancer progression. Cancer Metastasis Rev.
2010;29:709-22. https://doi.org/10.1007/510555-010-9256-x.
KawakamiV, li M, Matsumoto T, Kuroda R, Kuroda T, Kwon S-M, et al.
SDF-1/CXCR4 Axis in Tie2-lineage cells including endothelial progenitor
cells contributes to bone fracture healing. J Bone Miner Res. 2015;30:95—
105. https://doi.org/10.1002/jbmr.2318.

Yamaguchi J, Kusano KF, Masuo O, Kawamoto A, Silver M, Murasawa S,

et al. Stromal cell-derived factor-1 effects on ex vivo expanded endothe-
lial progenitor cell recruitment for ischemic neovascularization. Circula-
tion. 2003;107:1322-8. https://doi.org/10.1161/01.cir.0000055313.77510.
22.

Balabanian K, Lagane B, Infantino S, Chow KYC, Harriague J, Moepps B,
et al. The chemokine SDF-1/CXCL12 binds to and signals through the
orphan receptor RDC1 in T lymphocytes. J Biol Chem. 2005,280:35760-6.
https://doi.org/10.1074/jbc.M508234200.

Diomede F, Marconi GD, Fonticoli L, Pizzicanella J, Merciaro |, Bramanti P,
et al. Functional relationship between osteogenesis and angiogenesis in
tissue regeneration. Int J Mol Sci. 2020;21:3242. https://doi.org/10.3390/
ijms21093242.

Poggio P, Grau JB, Field BC, Sainger R, Seefried WF, Rizzolio F, et al. Osteo-
pontin controls endothelial cell migration in vitro and in excised human
valvular tissue from patients with calcific aortic stenosis and controls. J
Cell Physiol. 2011;226:2139-49. https://doi.org/10.1002/jcp.22549.

Gossl M, Modder Ul, Atkinson EJ, Lerman A, Khosla S. Osteocalcin expres-
sion by circulating endothelial progenitor cells in patients with coronary

(2022) 22:118

Page 10 of 10

atherosclerosis. J Am Coll Cardiol. 2008;52:1314-25. https://doi.org/10.
1016/j,jacc.2008.07.019.

50. Tura O, Skinner EM, Barclay GR, Samuel K, Gallagher RCJ, Brittan M, et al.
Late outgrowth endothelial cells resemble mature endothelial cells and
are not derived from bone marrow. Stem Cells. 2013;31:338-48. https://
doi.org/10.1002/stem.1280.

51. GulatiR, Jevremovic D, Peterson TE, Chatterjee S, ShahV, Vile RG, et al.
Diverse origin and function of cells with endothelial phenotype obtained
from adult human blood. Circ Res. 2003;93:1023-5. https://doi.org/10.
1161/01.RES.0000105569.77539.21.

52. Alwjwaj M, Kadir RRA, Bayraktutan U. The secretome of endothelial pro-
genitor cells: a potential therapeutic strategy for ischemic stroke. Neural
Regen Res. 2021;16:1483-9. https://doi.org/10.4103/1673-5374.303012.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1007/s12015-020-10064-z
https://doi.org/10.1016/j.atherosclerosis.2011.10.015
https://doi.org/10.1016/j.atherosclerosis.2011.10.015
https://doi.org/10.1038/ajh.2009.101
https://doi.org/10.1111/apha.13316
https://doi.org/10.1371/journal.pone.0025054
https://doi.org/10.1177/0003319714546183
https://doi.org/10.1177/0003319714546183
https://doi.org/10.1111/j.1468-1331.2012.03770.x
https://doi.org/10.1016/j.bcmd.2016.07.007
https://doi.org/10.1016/j.bcmd.2016.07.007
https://doi.org/10.1161/CIRCRESAHA.117.310619
https://doi.org/10.1161/CIRCRESAHA.117.310619
https://doi.org/10.1111/j.1582-4934.2011.01301.x
https://doi.org/10.1111/j.1582-4934.2011.01301.x
https://doi.org/10.1007/s10555-010-9256-x
https://doi.org/10.1002/jbmr.2318
https://doi.org/10.1161/01.cir.0000055313.77510.22
https://doi.org/10.1161/01.cir.0000055313.77510.22
https://doi.org/10.1074/jbc.M508234200
https://doi.org/10.3390/ijms21093242
https://doi.org/10.3390/ijms21093242
https://doi.org/10.1002/jcp.22549
https://doi.org/10.1016/j.jacc.2008.07.019
https://doi.org/10.1016/j.jacc.2008.07.019
https://doi.org/10.1002/stem.1280
https://doi.org/10.1002/stem.1280
https://doi.org/10.1161/01.RES.0000105569.77539.21
https://doi.org/10.1161/01.RES.0000105569.77539.21
https://doi.org/10.4103/1673-5374.303012

	Clinical relevance of circulating angiogenic cells in patients with ischemic stroke
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Clinical data collection
	Cells cultures and immunofluorescent staining
	Immunophenotype and gene expression in CACs and LOECs
	Relative telomere lengths
	Biochemical determinations
	Statistical analysis

	Results
	Study population
	EPC ex vivo cultures
	Immunophenotypes and gene expression in CACs
	Relative telomere lengths in blood cells and CACs and LOECs
	CFU-ECs, CACs and LOECs and clinical continuous variables
	CFU-ECs, CACs and LOECs and clinical categorical variables
	Determinants of CACs and LOECs

	Discussion
	Conclusions
	Acknowledgements
	References


