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Abnormal correlation of circulating endothelial
progenitor cells and endothelin-1 concentration may
contribute to the development of arterial hypertension
in childhood acute lymphoblastic leukemia survivors

Tomasz Ociepal, Magdalena Bartnik!, Karolina Zielezinska!, Mai Prokowska?2, Elzbieta Urasinska? and

Tomasz Urasinski?

It is well known that the rate of arterial hypertension (AH) in childhood acute lymphoblastic leukemia (ALL) survivors is
significantly higher than that in the healthy pediatric population; however, the mechanism of this phenomenon is not fully
understood. The developing cardiovascular system in children is thought to be highly susceptible to the toxic effects of
chemotherapy, which causes damage to the blood vessel wall, including the endothelium. Endothelin-1 (ET-1) is a marker of
endothelial damage, and it contributes to AH. Endothelial progenitor cells (EPCs) are derived from the bone marrow and
participate in the process of blood vessel repair. The aim of this study was to determine the relationship between the rate of
circulating EPCs and plasma levels of ET-1 with respect to hypertension in childhood ALL survivors. The study included 88
childhood ALL survivors and 44 healthy children as controls. All patients and controls had 24-h blood pressure monitoring with a
HolCARD CR-07 device. The number of EPCs and the ET-1 serum concentration were measured in the peripheral blood of
patients and controls using flow cytometry and enzyme-linked immunosorbent assay, respectively. A correlation was found
between the number of EPCs and the ET-1 concentration in the peripheral blood of healthy children and normotensive ALL
survivors. However, such a correlation was not found in hypertensive childhood ALL survivors. We conclude that dysregulation of
the ‘ET-1 and EPC axis’ may contribute to the development of AH in some childhood ALL survivors.
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INTRODUCTION
The introduction of intensive chemotherapy, better methods of risk
assessment and supportive care led to improvement in the long-term
survival rate in children with acute lymphoblastic leukemia (ALL).
Now, over 85% of all children with ALL can be successfully treated.!3
However, the increased number of childhood ALL survivors is
associated with an increased prevalence of cardiovascular disease
including hypertension, which is found to be a major cause of
non-cancer morbidity and mortality in this group of patients.*°
The pathomechanism of hypertension in childhood leukemia
survivors is not fully understood. The developing cardiovascular
system in children is thought to be highly susceptible to the toxic
effects of chemotherapeutic agents.”!! Administration of various
cytostatic agents may directly or indirectly cause endothelial
damage.®'2!13 Endothelin-1 (ET-1) is a peptide produced by the
endothelium that mainly has a role as a vasoconstrictor. ET-1 is

considered a marker of endothelial and
dysfunction.!>1 ET-1 may

development of hypertension, atherosclerosis and coronary artery
15,16

potential injury

Furthermore, contribute to the
disease.

Endothelial progenitor cells (EPCs) are derived from the bone
marrow and contribute to the repair of vessel injury through
differentiation into endothelium. The results of several studies indicate
that EPCs are positive for (express) CD34, CD133 and CD309 surface
antigens.!7~20

Although the role of circulating EPCs has still not been fully
elucidated, it is believed that their decreased number or abnormal
function may hasten cardiovascular disease, including hypertension.
Moreover, Werner et al.!” showed that an increased level of EPCs was
associated with a reduced risk of death from cardiovascular causes. At
least two published reports confirm the positive effect of intracoronary

injection of EPCs in patients with acute myocardial infarction.>!-??
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We hypothesize that the development of arterial hypertension (AH)
in some cohorts of children treated for ALL result from an impaired
balance between excessive endothelial injury and decreased (insuffi-
cient) repair. Thus, we aimed to measure and analyze the rate and
number of EPCs and the levels of plasma ET-1 in children with ALL
and in the control group. Our second aim was to investigate
the relationships between EPCs, ET-1 and the development of
hypertension in children with ALL.

PATIENTS AND METHODS
Study design
All patients with a history of ALL who were treated in the Department of
Pediatrics, Hematology and Oncology (Pomeranian Medical University,
Szczecin, Poland) between January 1999 and December 2012 were invited to
participate in the study. Those patients who responded to the invitation for
participation were included in the study.

The study was approved by the Bioethical Committee of Pomeranian
Medical University in Szczecin, Poland (approval no. KB-0012/69/12).

Patients and controls
Between January 1999 and December 2012, 168 patients received intensive
chemotherapy for ALL at our institution. The study group included 88 patients
who survived in first remission and accepted the invitation.

The control group (control) consisted of 44 healthy children with no
evidence of hypertension.

Informed consent was obtained from all parents and all children with the
exception of those younger than 6 years of age.

Definition and diagnosis of AH

Blood pressure assessments were performed with the use of the standard
oscillometric 24-h ambulatory blood pressure monitoring device (HolCARD
CR-07; Aspel S.A., Zabierzow, Poland). Measurements were taken every 20 min
during the daytime and every 30 min during the nighttime. The accuracy and
reproducibility of the method for measuring 24-h blood pressure were checked
by simultaneous measurements with an automated oscillometric upper arm
blood pressure monitor (Omron M7, HEM-780-E, Omron Healthcare
Corporation, Kyoto, Japan) at the beginning and at the end of the test period.
Blood pressure values were recorded as systolic, diastolic and mean arterial
blood pressure. AH was defined as either systolic and/or diastolic pressure
above or equal to the 95th percentile for age, height and sex during any
recorded period (24-h, daytime or nighttime).

Flow cytometry (assessment of circulating EPCs)

Before processing the blood samples, the WBC count for each patient was
calculated using a hematology analyzer. Aliquots of 0.5 ml of sampled blood
were placed in two plastic tubes and incubated for 20 min at room temperature
in darkness with monoclonal antibodies. The first tube contained anti-IgG1
APC (allophycocyanin) (BD Bioscience, San Jose, CA, USA; cat. no. 345818),
anti-IgG2b PE (phycoerythrin) (BD Pharmingen, San Jose, CA, USA; cat. No.
556656), anti-CD34 FITC (fluorescein isothiocyanate) (BD Bioscience; cat. no.
345801) and anti-CD45 PerCP (peridinin chlorophyll protein complex) (BD
Bioscience; cat. no. 345809); the second tube contained anti-CD34 FITC (BD
Bioscience; cat. no. 345801), anti-CD45 PerCP (BD Bioscience; cat. no.
345809), anti-CD133 PE (Miltenyi Biotec; cat. no. 130-090-863) and anti-
CD309 APC (Miltenyi Biotec, Bergisch Gladbach, Germany; cat. no. 120-006-
197). Monoclonal antibodies anti-IgG1 PE and anti-IgG2b were used as
negative controls to distinguish specific from nonspecific binding to human
cells, whereas the remaining antibodies, anti-CD34, anti-CD45, anti-CD133
and anti-CD309, were used to measure and calculate the rate and number of
EPCs. After incubation, red cells were lysed using BD FACS Lysing Solution
(Becton Dickinson; cat. no. 349202) and diluted with distilled water (1:10).
After 10 min of incubation, the cells were centrifuged for 10 min at 550 r.p.m.,
washed with BD CellWash (Becton Dickinson; cat. no. 349524) and centrifuged
again for 10 min at 550 r.p.m. Then, the cell pellets were resuspended in 0.5 ml
of BD FACSFlow (Becton Dickinson; cat. no. 342003). Measurements of
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fluorescence intensity were performed using a BD FACSCanto II flow cytometer
supplied with three lasers: violet (405 nm), blue (488 nm) and red (633 nm).
The principles of the measurements of EPCs are shown in Figure 1. In brief,
mononuclear cells were gated on the basis of forward scatter (ESC-A) vs. side
scatter (SSC-A) (dot plot A). Cells collected from region 1 were subjected to
CD45 vs. SSC-A analysis (dot plot B) to eliminate CD45— cells. Cells from
region 2 were then displayed on CD34 vs. SSC-A (dot plot C) to select CD34
+/CD45+ cells. Finally, CD34+/CD45+ cells from region 3 were analyzed with
respect to CD309 and CD133 expression (dot plot D). The results were
expressed as the percentage of CD133+/CD309+/CD34+ cells and the absolute
number of CD133+/CD309+/CD34+ cells calculated as the percentage of
CD133+/CD309+/CD34+ cells x WBCs (cells per microliter).

ET-1 concentration measurements

The Quantikine Endothelin-1 immunoassay (sandwich enzyme-linked
immunosorbent assay) for serum ET-1 concentrations was used in accordance
with the manufacturer’s instructions (R&D System, Minneapolis, MN, USA).
Blood samples were obtained from a peripheral vein in all patients and controls.
Blood was collected in tubes without any anticoagulant and subsequently
centrifuged (15 min at 1000 g). The serum was stored at —80 °C until ET-1
assessment.

Statistical analysis

Data were expressed as the mean +s.d. Continuous variables between groups
(number of circulating EPCs, ET-1 concentrations, age, age of diagnosis, time
of follow-up and body mass index values) were compared by the two-tailed
Mann—-Whitney test. Correlations were made using the two-tailed Spearman
rank test. P values of <0.05 were considered significant. All statistical analyses
were performed using the ‘Statistica’ (StatSoft, Inc., Tulsa, OK, USA, ver. 10)
software.

RESULTS

Patients’ characteristics

Patients with ALL were divided into two groups: (i) with AH
(hypertensive ALL; n=33) and (ii) without AH (normotensive ALL;
n=>55). In total, 37.5% (33/88) of patients from the cohort of ALL
patients met the criteria for AH. The characteristics of the patients and
controls are shown in Table 1.

Levels of ET-1 and number of EPCs

The mean values of EPCs and ET-1 concentrations in all of the groups
studied are presented in Table 2. No significant difference was found
between the levels of EPCs and ET-1 in hypertensive ALL patients,
normotensive ALL patients and controls. The rates of circulating EPCs
were lowest in hypertensive ALL children, but did not differ significantly
from normotensive ALL patients and the control group (0.0018 +0.0026
vs. 0.0031 +0.0042 vs. 0.0031 +0.0047, respectively; P> 0.05).

There were no significant correlations between patient’s age, age at
diagnosis of ALL, body mass index and rates of EPCs and levels of
ET-1 in all of the groups studied.

There was a positive correlation between levels of ET-1 and the time
of follow-up in the hypertensive ALL group (r=0.34; P=0.04)
(Figure 2a), but not in the normotensive ALL group. There was an
inverse correlation between levels of EPCs and the time of follow-up
in the hypertensive ALL group (r=-0.36; P=0.038) (Figure 2b), but
not in the normotensive ALL group. There was no difference in
follow-up time between hypertensive and normotensive ALL patents.

Correlation between circulating EPCs and levels of ET-1

Circulating EPCs correlated with serum ET-1 levels in normotensive
ALL patients and in controls (r=0.44, P=0.0008 and r=0.588,
P=0.00003, respectively) (Figures 3a and b). However, there was no
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Figure 1 Principles of measurement of the rates of CD133+/CD309+/CD34+/CD45+ endothelial progenitor cells (EPCs). Mononuclear cells were gated on the
basis of forward scatter (FSC-A) vs. side scatter (SSC-A) (dot plot (a)). Cells collected from region 1 were subjected to CD45 vs. SSC-A analysis (dot plot (b)).
Cells from region 2 were then displayed on CD34 vs. SSC-A (dot plot (c)) to select CD34+/CD45+ cells. Finally, CD34+/CD45+ cells from region 3 were

analyzed with respect to CD309 and CD133 expression (dot plot (d)).

correlation between circulating EPCs and serum ET-1 levels in
hypertensive ALL patients (r=-0.117; P=0.51) (Figure 3c).

DISCUSSION
AH affects ALL survivors more often than healthy children. According
to the Childhood Cancer Survivors Study, performed by Meacham
et al,”® AH occurs in approximately 9% of cancer survivors.
This figure seems to be underestimated. Contrary to the Meacham
report, in our study, AH was detected in 37.5% of ALL survivors. This
discrepancy may be explained by the fact that our analysis was
restricted to ALL survivors only. Esbenshade et al?* reported that
41.5% of ALL children undergoing treatment fulfilled the criteria for
systolic and/or diastolic hypertension.

Most of the published studies on AH in children with leukemia
define AH on the basis of casual oscillometric measurements.*?>
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However, 24-h ambulatory blood pressure monitoring has become
the gold standard for AH diagnosis in children as well as in adults.?®%”
Proposed risk factors for AH development include drugs
(glucocorticoids, methotrexate and anthracyclines), cranial irradiation,
obesity and metabolic syndrome.®?*>2* Limited data and contradicting
results make the associations between these risk factors and
subsequent AH development in children with leukemia unclear.?

The higher incidence of AH in ALL survivors than in the general
population may indicate that some additional risk factors might
contribute to AH development in this group of patients.

Endothelial dysfunction caused by chemotherapy is a possible and
attractive hypothesis. It has been shown that the administration of
methotrexate, one of the most commonly used anti-leukemic agents,
is associated with the elevation of plasma homocysteine.!? It is believed
that hyperhomocysteinemia leads to subsequent endothelial injury and
endothelial dysfunction.®!* The endothelium is an important



Table 1 Patients and control characteristics
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Characteristics Hypertensive ALL (n=33) Normotensive ALL (n= 55) P-value Control (n=43) P-value2
Age, years (mean +s.d./median) 9.91+4.84/9 12.2+5.09/13 0.029 11.73+4.27/12 0.08/0.59
Age at ALL diagnosis, years (mean +s.d./median) 5.21 +3.84/4 6.73+4.63/5 NS na na
Follow-up time, years (mean +s.d./median) 5.72+4.43/4 4.72+3.07/5 NS na na
Obesity: BMI > 95 centile (%) 7/33 (21) 4/55 (7.2) 0.09

Z-score BMI (mean +s.d.) 0.73+1.137 0.12+1.038 0.011 -0.27+£1.345 0.0009/0.1
Sex female (%) 16 (48) 22 (40) 0.5 18 (42) 1/0.64
ALL BCP (%) 27 (81.8) 45 (81.8) NS na na

SR (%) 12 (36.4) 16 (29.1) NS na na

IR (%) 19 (57.6) 35 (63.6) NS na na

HR (%) 2(6) 4(7.2) NS na na
RTX (+) (%) 5 (15) 15 (27.3) NS na na

Abbreviations: BCP, B-cell precursor; BMI, body mass index; HR, high risk; IR, intermediate risk; na, not applicable; NS, not significant; RTX (+), cranial radiotherapy; SR, standard risk; P value,
hypertensive ALL vs. normotensive ALL; P value2, hypertensive ALL vs. control/normotensive ALL vs. control.

Table 2 The mean values of EPCs and ET-1 concentrations in the groups studied and in the controls

Characteristic Hypertensive ALL (n=33) Normotensive ALL (n= 55) P-value Control (n=43) P-value2
EPCs per ml (mean +s.d.) 92.12+113.1 120.78+145.08 NS 146.44+212.33 NS
%EPCs (mean +5s.d.) 0.0018+0.0026 0.0031+0.0042 NS 0.0031 +0.0047 NS
ET-1 (pgml~1) (mean +s.d.) 1.97+0.85 2.1+0.7 NS 2.013+1.17 NS

Abbreviations: EPCs, endothelial progenitor cells; ET-1, serum endothelin-1; NS, not significant; P value, hypertensive ALL vs. normotensive ALL; P value2, hypertensive ALL vs. control/normotensive

ALL vs. control.
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Figure 2 The correlations between levels of ET-1 (a), rates of circulating EPCs (b) and time of follow-up in hypertensive ALL patients.

regulator of vascular tone. Its dysfunction, leading to impaired
vasodilation, inflammation and enhanced thrombotic activity, has an
important role in the development of atherosclerosis, hypertension
and cardiovascular disease including coronary artery disease.'+?8

Several studies have highlighted the role of ET-1 in atherosclerosis
and the development of AH. ET-1, a peptide produced by the
endothelium of blood vessels in response to endothelial damage, has
high vasoconstrictor potency and has been considered a marker of
endothelial dysfunction.!#132%30 Increased levels of ET-1 were found
in patients with hyperlipidemia, diabetes, heart failure, atherosclerosis,
chronic kidney disease and pheochromocytoma. Increased levels of
ET-1 were also found in subjects with risk factors for atherosclerosis
such as cigarette smoking.!#1>2831 Tt should also be noted that Akter
et al.®? found elevated levels of ET-1 in hypertensive subjects.

In our study, ET-1 levels did not differ significantly between the
study group and controls. However, we found a positive correlation

between ET-1 levels and the time of follow-up exclusively in
hypertensive, but not normotensive, ALL patients. We speculate that
this phenomenon may reflect the progression of vascular injury in
hypertensive children with ALL.

Under normal conditions, endothelial injury is counterbalanced by
endothelial repair. EPCs contribute to the restoration of epithelium
integrity. They are derived from the bone marrow, and circulate in the
blood, with the ability to differentiate into endothelial cells.>}
It is believed that EPCs are inversely correlated with endothelial
dysfunction and cardiovascular disease outcome in humans.!73%3>

In our hypertensive ALL cohort, the number of circulating EPCs
was lower than that detected in the remaining groups, although these
differences were not statistically significant. This observation may be
evidence that chemotherapeutic agents are responsible not only for
epithelial damage but also for the decreased rate of bone marrow
production of EPCs.

Hypertension Research
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Figure 3 The correlations between circulating EPCs and serum ET-1 levels in the normotensive ALL group (a), the controls (b) and the hypertensive ALL

cohort (c).

An inverse correlation between circulating EPCs and time of
follow-up was exclusively seen in the hypertensive ALL group. This
correlation was not found in normotensive ALL patients or in
controls.

In vitro data have not confirmed any direct effect of ET-1 on EPC
function. However, it has been assumed that an indirect association
between ET-1 and EPCs does exist at least in different clinical
settings.’®37 Paczkowska et al.'® reported enhanced EPC mobilization
by ET-1 in patients with ischemic stroke. Furthermore, this study also
indicated the role of ET-1 in EPC recruitment into damaged neural
tissue.

In our study, we found a positive correlation between circulating
EPCs and serum ET-1 levels in normotensive ALL patients and in
controls, but not in hypertensive patients. Considering that the ET-1
concentration reflects the level of endothelial damage, whereas the
number of EPCs indicates the ability for endothelial restoration, we
speculate that, in normotensive ALL patients and controls, there is a
balance between endothelial damage, represented by ET-1, and
endothelial regeneration, reflected by EPCs. If this is true, it would
indicate the existence of an ‘ET-1/EPC axis’ and the role of disturbed
relations between ET-1 and EPCs in the development of AH in some
ALL survivors. We hypothesize that, in normotensive ALL survivors
and controls, ET-1 might mobilize EPCs for endothelial repair and
regulate vascular tone in response to endothelial injury. We suspect
that, in some ALL survivors, this ‘axis’ is malfunctioning, thus
resulting in the development of AH. A lack of either EPC expansion,
mobilization or intravascular activity in some ALL survivors may
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correspond with an impaired subsequent response to ET-1, which is
per se one of the signs of endothelial damage.

Our results may also suggest that hypertension in childhood ALL
survivors should be treated with angiotensin II receptor antagonists as
it has been shown by Yoo et al® in an experimental model that
telmisartan may increase the number of EPCs in hypertensive rats.

We conclude that significant endothelial damage and the conco-
mitant decreased ability of EPCs to repair the endothelium may
contribute to the development of AH in a significant number of
childhood ALL survivors. Further studies are needed to confirm this
hypothesis.
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