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Stem cells have great clinical significance in many cardio-
vascular diseases. However, there are limited data regarding
the involvement of mesenchymal stem cells (MSCs) in the
pathophysiology of arterial hypertension. The aim of this
study was to investigate the circulation of MSCs in patients
with essential hypertension. The authors included 24 patients
with untreated essential hypertension and 19 healthy individ-
uals. Using flow cytometry, MSCs in peripheral blood, as a
population of CD45�/CD34�/CD90+ cells and also as a
population of CD45�/CD34�/CD105+ cells, were measured.
The resulting counts were translated into the percentage of
MSCs in the total cells. Hypertensive patients were shown
to have increased circulating CD45�/CD34�/CD90+ com-
pared with controls (0.0069%�0.012% compared with

0.00085%�0.0015%, respectively; P=.039). No significant
difference in circulating CD45�/CD34�/CD105+ cells was
found between hypertensive patients’ and normotensive
patients’ peripheral blood (0.018%� 0.013% compared with
0.015%�0.014%, respectively; P=.53). Notably, CD45�/
CD34�/CD90+ circulating cells were positively correlated
with left ventricular mass index (LVMI) (r=0.516, P<.001).
Patients with essential hypertension have increased circulat-
ing MSCs compared with normotensive patients, and the
number of MSCs is correlated with LVMI. These findings
contribute to the understanding of the pathophysiology of
hypertension and might suggest a future therapeutic target. J
Clin Hypertens (Greenwich). 2014;16:883–888. ª 2014 Wiley
Periodicals, Inc.

In recent years there has been growing interest in the
role of adult stem cells in the pathophysiology of
cardiovascular diseases. Although it used to be believed
that mammalian cardiomyocytes cease replication soon
after birth and that the subsequent growth of the heart
was attributable only to cardiomyocyte hypertrophy,
newer studies have demonstrated a small degree of
cardiogenesis and cardiomyocyte turnover that occurs
throughout life.1,2 These findings led to further research
into the contribution of stem cells to the pathophysiol-
ogy of cardiovascular disorders that has raised the hope
of developing new therapeutic approaches. Stem cells
have the potential for self-renewal and differentiation
and are the origin cells of various mature cells.
Mesenchymal stem cells (MSCs) are also known to

have a highly plastic differentiation potential that
includes not only adipogenesis, osteogenesis, and chon-
drogenesis, but also endothelial, cardiovascular,3 and
neovascular differentiation.4–6 Although present in only
very small numbers in peripheral blood, in recent years
stem and progenitor cells have been implicated in
ventricular remodeling and are thought to be of great
clinical significance in the pathophysiology of heart

failure and atheromatosis. Previous studies have indi-
cated that MSCs derived from peripheral blood, apart
from their multilineage potential, can also be used for
cellular and gene therapies.7 Human MSCs isolated
from adult bone marrow provide a model for the
development of stem cell therapeutics and could find
application in the cardiovascular system—although this
is still under investigation.8

Under normal conditions, endogenous cardiac pro-
genitor cells are responsible for homeostasis in the
heart.9 However, it appears that under conditions of
stress, this may change, with stem cells from extra-
cardiac sources also playing a role. An interesting
experimental study has shown that an increase in
preload results in the mobilization of progenitor cells
from the bone marrow for use in neovascularization,
which plays an important role in cardiac hypertrophy.10

There are indications that the recruitment of bone
marrow–derived cells is involved in cardiac myocyte
hypertrophy and maintenance of function in response to
pressure overload.11 A recent study from our depart-
ment has shown increased expression of myocardin and
GATA4 genes in the peripheral blood mononuclear cell
fraction of hypertensive patients, implying the presence
of mesenchymal progenitor cells in the peripheral blood
that could possibly be intended to differentiate into cells
of the cardiac series.12 Interestingly, in the patients in
that study, myocardin and GATA4 expression was
associated with both blood pressure (BP) levels and left
ventricular hypertrophy (LVH).
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To date, most published reports concerning the
cardiovascular applications of stem cells have focused
on their role in myocardial infarction and in heart
failure. Very little work has been done on arterial
hypertension, and most has concerned endothelial
progenitor cells. The role and behavior of MSCs in
patients with essential hypertension is unknown. In a
recent animal study, it was shown that the degree to
which angiotensin II increased neointima formation was
statistically correlated with the increased incorporation
of fluorescent bone marrow–derived smooth muscle
cells, and that this was inhibited by angiotensin-1
receptor antagonism.13 Based on the hypothesis that
MSCs participate in pathophysiological processes that
contribute to hypertension, and on the assumption that
the behavior of MSCs is altered in hypertensive patients,
we carried out the first flow cytometric analysis of
CD45�/CD34�/CD90+ and CD45�/CD34�/CD105+
in the peripheral blood of those patients compared with
healthy individuals.

METHODS

Study Population
We prospectively enrolled 24 patients with untreated
essential hypertension (aged 61�9 years) and no indi-
cations of other organic heart disease. The study
population was recruited from the cardiology outpa-
tient department and the diagnosis of hypertension was
based on three outpatient measurements of BP >140/
90 mm Hg at intervals of no longer than 2 weeks,
according to the recommendations of the European
Society of Hypertension/European Society of Cardiol-
ogy.14 Participants with BP >140/90 mm Hg on the
final visit underwent 24-hour ambulatory BP monitor-
ing. To be eligible for inclusion in the study, a mean 24-
hour BP >130/80 mm Hg was required. A physical
examination and routine laboratory tests were per-
formed before inclusion. The patients had not previ-
ously taken any hypertensive medication and did not
take any other drugs for 3 weeks before the studies.
Patients with any of the following characteristics were
excluded: smokers, diabetics, pregnant or lactating
women or women potentially childbearing, or patients
with a previous history of or medication for hyperten-
sion; grade 3 hypertension or secondary hypertension,
tachyarrhythmias or bradyarrythmias, or coronary
artery disease; cerebrovascular, liver, or renal disease;
albumin excretion rate >200 lg/min; history of drug or
alcohol abuse; any chronic inflammatory or other
infectious disease during the past 6 months; thyroid
gland disease; body mass index >40 kg/m2; personal
history of anemia; thrombocytopenia; or any other
hematological disease. In addition, vascular, metabolic,
or neoplastic conditions were ruled out by careful
examination of the history and routine laboratory tests.
Height and weight were also measured, and a full
echocardiographic examination was performed in all
participants.

We also selected a control group of 19 healthy
volunteers (aged 57�9 years) without symptoms or
signs of cardiovascular disease and with no major
cardiovascular risk factors, such as diabetes, hyperten-
sion, or familial history of coronary artery disease. This
group consisted of patients who came to the emergency
department with atypical chest pain, but whose clinical
and laboratory examination findings were normal.

After a rest of 20 minutes, blood was obtained from
all participants, from a superficial brachial vein via a 21-
gauge needle with care to avoid stasis, hemolysis, and
contamination by tissue fluids or exposure to glass.

The study complies with the Declaration of Helsinki
and was approved by the hospital’s ethics committee.
All institutional guidelines were followed and all par-
ticipants gave written informed consent.

Echocardiography
Standard M-mode and 2-dimensional echocardiography
was performed using a Vivid 7 (General Electric,
Horten, Norway) ultrasound device with a 1.5-MHz
to 3.6-MHz wide-angle phased-array transducer (M4S)
according to the recommendations of the American
Society of Echocardiography and the European Associ-
ation of Echocardiography,15,16 in order to measure left
atrial (LA) diameter, left ventricular end-diastolic diam-
eter (LVEDD), left ventricular posterior wall in diastole
(LVPW), interventricular septum in diastole (IVSD), and
left ventricular ejection fraction (LVEF). Relative wall
thickness (RWT) was calculated as 2 9 LVPW/LVEDD
and left ventricular wall thickness (LVWT) as
IVSD+LVPWD. LV mass was calculated according to
the Penn convention and expressed as left ventricular
mass index (LVMI).17

MSC Detection by Flow Cytometry
For each participant, 200 lL of peripheral blood (PB)
were stained with fluorescence-conjugated mouse anti-
human monoclonal antibodies. The antibodies used for
staining were CD45-R Phycoerythrin-Cyanine 7 (PC7),
CD34-R Phycoerythrin-Cyanine 5.1 (PC5), CD90-Fluo-
rescein isothiocyanate (FITC), and CD90-R Phycoery-
thrin (PE) (all by Beckman Coulter, Marseille, France).
For each sample, an isotype control was prepared in
order to monitor background staining using mouse
anti-human CD45-PC7 negative control in conjunction
with the mouse IgG1 fluorescence-labeled antibodies
IgG1-PC5, IgG1-FITC, and IgG1-PE (all by Beckman
Coulter). Staining was performed according to the
manufacturer’s instructions. Following staining, sam-
ples and isotype controls were lysed to remove the red
cells and fixed by paraformaldehyde using the Q-prep
reagent system (Coulter, Luton, UK). Immediately after
fixing, samples and isotype controls were subjected to
flow cytometry using the Beckman Coulter Cytomics
FC500 apparatus (Beckman Coulter, Inc, Fullerton,
CA) and analyzed by the associated CXP software
(Beckman Coulter, Inc). Approximately 0.59106 cells
were passed through the flow cytometer chamber in
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each experiment. Two populations of MSCs were
identified as cells negative for CD45-PC7 and CD34-
PC5 and positive for either CD90-FITC or CD105-PE
(labeled in text as CD45�/CD34�/CD90+ and as
CD45�/CD34�/CD133+). The percentage of MSCs
in relation to the total live cells was calculated for each
sample and was further normalized by subtracting the
percentage of the relevant isotype control.

Statistical Methods
Summary descriptive statistics are presented as mean
(standard deviation) or frequency (percentage), as
appropriate. Comparisons between the hypertensive
and normotensive groups were performed using a two-
sided independent samples t test. Associations between
parameters of interest were assessed by the Pearson
correlation coefficient. Partial correlations were also
calculated to estimate the association of certain param-
eters after controlling for systolic BP. All comparisons
were performed at the two-sided 5% level of signifi-
cance. The SPSS 20 (IBM, Armonk, NY) statistics
package was used.

RESULTS
The clinical characteristics of the participants are
presented in the Table. Although there were no signif-
icant differences in basic biochemical parameters,
hypertensive patients had significantly higher systolic
and diastolic BP, LA diameter, LVMI, and body surface
area compared with the control group.
Quantification of MSCs cells from peripheral blood

by flow cytometry has shown that they represent
<0.04% of mononuclear cells in the healthy population.
Interestingly, there was a significant difference in the

number of MSCs between the groups. Patients with
essential hypertension were shown to have higher
proportions of circulating CD45�/CD34�/CD90+
compared with the control group (0.0069%�0.012%
vs 0.00085%�0.0015%, respectively; P=.039). In con-
trast, no statistically significant difference was found
between hypertensive and normotensive patients in the
circulating CD45�/CD34�/CD105+ cells in peripheral
blood (0.018%�0.013% vs 0.015%�0.014%, respec-
tively; P=.53) (Figure 1).
Notably, Pearson correlation revealed a strong

association between the number of circulating
CD45�/CD34�/CD90+ cells and LVMI (r=0.516,
P<.001), indicating that hypertensive patients with
LVH have increased numbers of circulating MSCs
(Figure 2). This correlation remained strong when
the hypertensive and normotensive groups were
analyzed separately (r=0.47, P=.018 and r=0.475,
P=.046, respectively). In addition, there was a less
strong but still statistically significant correlation
with levels of systolic BP (r=0.375, P=.013) and a
weak correlation with diastolic BP (r=0.289, P=.06).
No significant correlations were found between the

TABLE. Participants’ Clinical Characteristics

Hypertensive

Patients

(n=24)

Control

Group

(n=19) P Value

Sex, male/female 12/12 9/10 NS

Smokers, % 44 45 NS

Age, y 61�9 57�9 NS

Cholesterol, mg/dL 227�50 242�52 NS

Glucose, mg/dL 101�11 96�9 NS

Uric acid, mg/dL 6.2�3.9 6.7�4.9 NS

Creatinine, mg/dL 1.1�0.3 1.0�0.3 NS

Heart rate, beats per min 69�12 72�19 NS

Systolic blood pressure,

mm Hg

159�11 128�6 <.001

Diastolic blood pressure,

mm Hg

90�7 77�6 <.001

Pulse wave velocity, m/s 11.1�2 10.1�2.6 NS

Left atrium diameter, mm 40�5 34�4 .001

Body surface area, m2 1.99�0.17 1.84�0.15 .006

Left ventricular mass

index, g/m2

101.5�32 77.7�15 .005

Abbreviation: NS, not significant.

FIGURE 1. Percentages of CD45�/CD34�/CD90+ and CD45�/
CD34�/CD105+ in hypertensive patients’ peripheral blood
compared with normotensive patients’. Data are presented as
mean�standard error of the mean.*P < .05.
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examined clinical parameters and the number of
circulating CD45�/CD34�/CD105+ cells. It should
be noted that the correlation between the number of
CD45�/CD34�/CD90+ and LVMI remained statisti-
cally significant after controlling for systolic BP
(r=0.42, P=.005).

DISCUSSION
This is the first study to examine the mobilization of
bone marrow–derived MSC populations in patients
with essential hypertension. We examined two subpop-
ulations of MSCs, CD45�/CD34�/CD90+ and
CD45�/CD34�/CD105+ cells, and found that hyper-
tensive patients have statistically significantly higher
levels of CD45�/CD34�/CD90+ in their peripheral
blood. This increased mobilization of MSCs might be
implicated in the pathological process of essential
hypertension. Notably, the number of those cells reveal
a strong correlation with LVMI that was not dependent
on the level of systolic BP, suggesting that they could be
involved in the pathophysiology of cardiac hypertrophy
and hypertension.

Stem cells have the potential for self-renewal and
differentiation and are the origin cells of various mature
cells. Stem and progenitor cells have great clinical
significance in the pathophysiology of hypertension, as
well as in its progression to atheromatosis.18 Previous
studies have shown that they are implicated in ventric-
ular remodeling10 and have great clinical significance in
the homeostasis of the heart,19 as well as in the
pathophysiology of heart failure.20 In addition, mobili-
zation of MSCs leads to intimal hyperplasia of the
vessels and arteriopathy.21 However, there are limited
data regarding the involvement of MSCs in the patho-
physiology of essential hypertension, with or without
target organ damage.

MSCs are present as a rare population of cells in bone
marrow, representing perhaps 0.001% to 0.01% of the
nucleated cells, and may express different surface
molecules. These cells are characterized or defined using
a set of cell surface markers. They are generally positive
for CD44, CD90, and CD105 and are negative for
hematopoietic markers CD34 and CD45. Evidence
suggests that MSCs can also express phenotypic char-
acteristics of endothelial, neural, and smooth muscle
cells, skeletal myoblasts, and cardiac myocytes, and
have a highly plastic differentiation potential.22 Previ-
ous studies have proved that a number of stem cells
circulate in the peripheral blood and can be mobilized
by cytokine stimulation under specific pathophysiolog-
ical conditions.23,24

The precise origin and characterization of cardiac
progenitor cells remain unclear. Endogenous cardiac
progenitor cells seem to be responsible for the homeo-
stasis of the stem cell pool in hearts under physiological
conditions.25 However, there are data from animal
studies suggesting that these cardiac progenitor cells
have a very low proliferating potency of cardiac stem
cells, at least under normal circumstances.26 One
previous study provided evidence that extra-cardiac
stem cells may originate from bone marrow but can
transform into cardiac progenitor cells in response to
cues from the myocardial environment.26 There are
several indications that some cardiac progenitor cells
might originate from bone marrow, since they have
some characteristics of bone marrow stem cells,27,28 and
bone marrow stem cells can differentiate into cardio-
myocytes in vivo and in vitro.29–31

A recent study from our department has shown
increased expression of myocardin and GATA4 genes in
the peripheral blood mononuclear cell fraction of
hypertensive patients, implying the presence of mesen-
chymal progenitor cells in the peripheral blood that are
possibly intended to differentiate into cells of the
cardiac series.12 Interestingly, in the patients in that
study, myocardin and GATA4 expression was associ-
ated with both BP levels and LVH. In a similar manner,
we found altered expression of early cardiac marker
genes and differentiation-specific marker genes in the
peripheral blood mononuclear cell fraction of patients
with hypertrophic cardiomyopathy compared with
control individuals, possibly reflecting changes in
response to disease.32 The results of the present study
add to these findings, demonstrating a mobilization of
MSC populations in the peripheral blood that could
possibly play a role in target organ damage. We found
that the number of those cells in the peripheral blood
was correlated with the degree of LVH. Despite intense
efforts to determine the pathogenesis of LVH in arterial
hypertension, this process remains poorly understood.
Our findings indicate that the increased mobilization of
bone marrow–derived MSCs may ultimately be targeted
at structural changes in the hypertensive myocardium.
However, whether the movement and homing of these
cells into the myocardium is followed by differentiation

FIGURE 2. Association between the percentage of CD45�/
CD34�/CD90+ in peripheral blood and left ventricular mass index.
Solid circles, hypertensives; open circles, normotensives; solid line,
all participants; dotted line, hypertensives; dashed line,
normotensives.
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into cardiomyocytes, leading to hypertrophy, remains to
be proven by further research.
The presence of stem and progenitor cells in the

peripheral blood of adult humans has clinical implica-
tions for the pathophysiology of cardiovascular disease
and has evoked much hope regarding their possible
application in treatment. However, several problems
have arisen that need to be resolved before the clinical
use of stem cells can become a part of regular practice.
Mobilization of MSCs has been demonstrated in other
pathological cardiovascular conditions, but most
research has been done in acute ischemic syndromes.
Iso and colleagues33 identified a population of CD271+
MSCs released into peripheral blood in acute myocar-
dial infarction, reaching a peak number after 3 days and
returning to levels comparable to those in healthy
patients by 1 week.
An abnormal increase of left ventricular mass in

cardiovascular diseases is an important prognostic
indicator and therapeutic target. Hypertension is the
most common cause of LVH. This hypertrophic process
is initially adaptive, since it helps the heart to maintain
normal pump performance in the face of the increased
afterload. However, this leads to maladaptive changes,
the most important being the growth in the fibrillar
collagen network and abnormalities of excitation-
contraction coupling within the hypertrophied cardio-
myocytes. Increased left ventricular mass predicts
cardiovascular complications of hypertension and an
increased risk for morbidity and mortality.34 However,
there are limited data regarding the involvement of
MSCs in the pathogenetic process of LVH. The increase
in the myocardial mass of both ventricles is the result
not only of the increase in protein synthesis and cell
size, but also of the proliferating cardiac progenitor
cells and the influx of bone marrow–derived cells
developing into cardiomyocytes.35 It is known that an
increase in preload leads to the mobilization of
progenitor cells from bone marrow for use in neovas-
cularization, which plays an important role in cardiac
hypertrophy.10

The precise origin of cardiac progenitor cells is still
unclear. Although their recruitment from bone marrow
in essential hypertension with target organ damage is a
likely scenario, further clinical and experimental studies
will be needed to elucidate the significance of our
findings and the role of MSCs in the pathophysiological
changes that occur in hypertension. However, these
findings agree with our previous understanding, accord-
ing to which MSCs may be involved in ventricular or
arterial remodeling and indicate possible new
approaches aimed in that direction.

STUDY LIMITATIONS
Our study has several limitations. We included only a
small number of patients. However, our findings were
clear and indicative. It is possible that the inclusion of
more patients would have revealed further correlations
in addition to those derived from the present analysis.

Also, we did not provide a mechanistic explanation of
our data and whether the MSC populations we studied
differed between groups, not only in their degree of
mobilization, but also in their functional properties. In
addition, we did not establish whether the increased
number of circulating CD45�/CD34�/CD90+ resulted
in their recruitment and homing into the myocardium.
In such a case, we cannot know whether those cells
would differentiate into myocardial cells or into non-
myocyte cardiac cells. The determination of their precise
role remains a subject for future extensive research.
Finally, our study was not designed to investigate
whether the effect of antihypertensive medication that
leads to BP control and a possible improvement in LVH
would also have an effect on the mobilization of MSCs
from bone marrow.

CONCLUSIONS
Patients with essential hypertension exhibit an increased
number of circulating CD45�/CD34�/CD90+ cells,
making up a population of MSCs, in comparison with
normotensive patients. This number is correlated with
the degree of LVH, as expressed by the LVMI. The
clinical significance of these findings will require further
elucidation. However, our study is the first to provide
indicative data from humans suggesting an increased
mobilization of bone marrow–derived MSCs in patients
with essential hypertension, which becomes more prom-
inent in patients with LVH.
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