
Research Article
Impaired Circulating Angiogenic Cells
Mobilization and Metalloproteinase-9 Activity after
Dynamic Exercise in Early Metabolic Syndrome

Natalia G. Rocha,1 Allan R. K. Sales,1 Leticia A. Penedo,1 Felipe S. Pereira,1

Mayra S. Silva,1 Renan L. Miranda,1 Jemima F. R. Silva,1 Bruno M. Silva,2

Aline A. Santos,1 and Antonio C. L. Nobrega1

1Laboratory of Exercise Sciences, Department of Physiology and Pharmacology, Fluminense Federal University,
24210-130 Niterói, RJ, Brazil
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Increased levels of adhesion molecules or metalloproteinases (MMPs) may indicate endothelial dysfunction. Exercise mobilizes
circulating angiogenic cells (CACs) from bone marrow in healthy subjects, improving vascular function. However, it is unclear
whether this mechanism is preserved in the early stages of metabolic syndrome (early MetS). We aimed to evaluate the acute
effects of exercise on adhesion molecules, angiogenic factors, MMPs, and CACs in early MetS. Fifteen subjects with early MetS and
nine healthy controls underwent an exercise session and a nonexercise session, randomly. Adhesion molecules, angiogenic factors,
CACs, and MMPs were evaluated before and after exercise or nonexercise sessions. At baseline, levels of sE-selectin, sICAM-1, and
MMP-9 were higher in early MetS than in controls (𝑃 ≤ 0.03). After exercise, sE-selectin, sICAM-1, and MMP-9 levels were still
higher in early MetS (𝑃 < 0.05). Subjects with early MetS presented less CACs (𝑃 = 0.02) and higher MMP-9 activity (𝑃 ≤ 0.04),
while healthy controls presented higher MMP-2 activity after exercise. There was no difference between moments in nonexercise
session (𝑃 > 0.05). In conclusion, subjects with early MetS already presented impaired endothelial function at rest along with a
decrease in CACs and an increase in MMP-9 activity in response to exercise.

1. Introduction

Cardiovascular disease is the major cause of death worldwide
[1].Mechanisms underlying atherosclerosis are tightly related
to the presence of cardiometabolic risk factors.The incidence
of metabolic syndrome (MetS) has been increasing in the
global population [2]. MetS is characterized by a cluster
of metabolic disorders, including dysglycemia, dyslipidemia,
obesity, and hypertension [3]. In the early stages of MetS
development (early MetS), when no chronic diseases are yet
present and no drug therapy has been used, it may be possible
to determine an increased risk of atherogenesis by assessing
endothelial dysfunction [4].

The intact endothelium prevents leukocyte migration
into the vessel wall.This leukocyte interaction with the endo-
thelium is regulated by the expression of cell adhesion mole-
cules, such as endothelial leukocyte adhesion molecule (E-
selectin), intercellular adhesion molecule-1 (ICAM-1), and
vascular cell adhesion molecule-1 (VCAM-1) [5]. Imbalance
expression of cell adhesion molecules is referred to as
endothelial dysfunction [6] and is usually present in patients
with MetS [7].

Circulating angiogenic cells (CACs) are usually recruited
from the bone marrow to peripheral blood promoting neo-
vasculogenesis, maintaining vascular integrity. Despite being
controversial, studies have shown associations between
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chronic diseases, such as hypertension [8], diabetes [9], and
dyslipidemia [10], and the number/functionality of CACs.
Jialal et al. [11] showed a reduced number of CACs along
with impaired functionality in subjects with MetS, who were
using antihypertensive drugs. However, some drugs, such as
antihypertensives and statins, are already known to influence
the number and/or functionality of CACs [12, 13]. Thus,
whether the number of CACs is already altered in drug näıve
subjects with MetS is unclear.

Acute exercise provokes a transient inflammatory response
through the increase in the amounts of several cytokines,
angiogenic factors [14], and matrix metalloproteinases
(MMPs) in the circulation [15]. MMP-2 and MMP-9 are
related to inflammation, angiogenesis, wound healing, and
cell migration, including CACs migration from the bone
marrow to peripheral blood [16]. Subjects with established
MetS-related diseases present high levels of proinflammatory
markers and MMP-9 [16]. In addition, a maximal aerobic
exercise seems to increase CACs in patients with coronary
artery disease but less than in healthy subjects [17]. However,
the acute effects of exercise on CACs and MMPs in subjects
with MetS and without chronic diseases are still unknown.

This study aimed to evaluate the effects of a single bout
of exercise on adhesion molecules, on angiogenic factors,
on CACs, and on MMPs in subjects with early MetS. We
hypothesized that subjects with early MetS, that is, free of
overt disease and without using medications, already present
an impaired endothelial function at baseline along with an
altered response of angiogenic factors, CACs, and MMPs to
exercise.

2. Materials and Methods

2.1. Ethical Approval. This study protocol was approved by
the ethical committee of Antonio Pedro University Hospital,
according to the latest revision of the Declaration of Helsinki.
All subjects gave written informed consent before their
participation in the study.

2.2. Subjects. Subjects were recruited through advertise-
ments at the university and in local newspapers. Twenty-
four subjects were enrolled, fifteen subjects with early MetS
(MetS group, age: 37 ± 2 years old) and nine healthy subjects
(controls) with none of the five criteria for MetS (healthy
group, age: 33± 3 years old).TheMetS grouppresented at least
three of the following five criteria defined by the American
Heart Association [3]: waist circumference >90 cm (men)
or >80 cm (women); systolic blood pressure ≥130mmHg
and/or diastolic blood pressure ≥85mmHg; fasting glucose
≥5.6mmol⋅L−1; triglycerides ≥1.7mmol⋅L−1; high-density
lipoprotein cholesterol (HDL-c) <1mmol⋅L−1 (men) or
<1.3mmol⋅L−1 (women). Other inclusion criteria included
the absence of any diagnosed disease, no recent infection,
no medication, nonsmoker, woman with regular menstrual
cycle, and sedentary lifestyle (not attended exercise program
lasting ≥30min, three times per week during the last three
months).Womenhad regularmenstrual cycles andwere eval-
uated in the early follicular phase (up to 5th day of menstrual
cycle). The eligibility requirements were determined through

clinical history assessment, physical examination, blood pres-
sure measurement, biochemical blood analyses, resting elec-
trocardiogram, and peak cardiopulmonary exercise testing.

2.3. Biochemical Blood Analyses. Blood was drawn from an
anterior cubital vein in themorning after a 12-hour overnight
fast. Cholesterol and its subfractions (HDL-c and low-density
lipoprotein (LDL-c)) as well as triglycerides and glucose
were determined using enzymatic colorimetric methods.
Plasma insulin was measured by electrochemiluminescence
immunoassay. Insulin resistance was estimated using the
homeostasis model assessment (HOMA-IR) derived from
fasting glucose and insulin concentrations [18]. Total leuko-
cyte count was measured by an electronic counter, the HST-
302N system.

2.4. Clinical Evaluation. A physician performed the eval-
uation, including clinical history assessment and resting
electrocardiogram (CardioCare 2000; Bionet, Tustin, CA,
USA). Resting blood pressuremeasurements were performed
twice, one on each arm, on two separate days in the upright
sitting position. Recordings were made under quiet and
temperature controlled (approximately 24∘C) conditions. An
appropriately sized cuff (cuff bladder encircling at least 80%
of the arm) was used.

2.5. Physical Examination. Anthropometric variables, such
as weight and height, were measured using a medical beam
balance (Welmy; Santa Bárbara d’Oeste, SP, Brazil). Body
mass index (BMI) was calculated as weight (kg) divided
by the square of the height (m). Waist circumference was
considered the midpoint between the iliac crest and the last
floating rib (XII rib).

2.6. Cardiopulmonary Exercise Testing. Subjects underwent a
cardiopulmonary exercise test, performed until fatigue on a
cycle ergometer (CG400model, Inbrasport; PortoAlegre, RS,
Brazil). The protocol was developed according to predicted
maximal exercise capacity. Subjects were verbally encouraged
to exercise until exhaustion in order to reach volitional
fatigue at approximately 10min of testing.Ventilation, oxygen
uptake, and carbon dioxide output were determined with
each breath (CPX Ultima Gas Exchange System, Medgraph-
ics Corp.; St. Paul, MN, USA). An electrocardiogram was
monitored through 12 leads (Welch Allyn CardioPerfect
Workstation, Welch Allyn; Skaneateles Falls, NY, USA), and
perceived exertion was verified every minute using the 0–
10 Borg scale. Breath-by-breath ventilation and expired gas
data were averaged to 20 s to identify the peak oxygen
consumption (VO

2peak), which was considered the highest
value of oxygen uptake recorded during exercise. Ventilatory
threshold was identified by combination of the following
methods: (1) inflection of ventilation versus time curve
and (2) consistent increase in the ventilatory equivalent of
oxygen (VE/VO

2

) without a concomitant increase ventilatory
equivalent of carbon dioxide (VE/VCO

2

).

2.7. Experimental Protocol. On two separate days, at least two
days apart, subjects from both the healthy and MetS groups
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underwent the exercise session and nonexercise session in
a random order. Adhesion molecules, MMP-9 (𝑛 = 24),
and CACs (𝑛 = 18) were evaluated before and 10min after
the exercise or nonexercise session. During the nonexercise
session, subjects sat still on the cycler ergometer for the same
period of time as the exercise session. These experimental
sessions were always conducted at the same time of the day
after a 1-hour fast. Participants were also given standard
feeding orientations for the previous day and asked to abstain
from caffeine and alcohol consumption and physical exercise
for at least 48 h.

2.8. Exercise Session. An individualized continuous submax-
imal bout of exercise was performed for 40min on a cycle
ergometer (CG400 model, Inbrasport; Porto Alegre, RS,
Brazil) at an intensity corresponding to 80% of the venti-
latory threshold, which was observed in the previous peak
cardiopulmonary exercise test. This exercise was preceded
by a warm-up of five minutes, pedaling at 30W, followed by
five minutes of recovery pedaling at 30W. Breath-by-breath
ventilation and expired gas were recorded throughout the
exercise bout by a digital metabolic analyzer (CPX Ultima
Gas Exchange System, Medgraphics Corp.; St. Paul, MN,
USA), which was linked to a computer for data recording and
offline analysis.

2.9. Concentration of AdhesionMolecules,MMP-9, andAngio-
genic Factors. The levels of sE-selectin, sICAM-1, sVCAM-
1, MMP-9, vascular endothelial growth factor (VEGF),
granulocyte-colony stimulating factor (G-CSF), and granulo-
cyte macrophage-colony stimulating factor (GM-CSF) were
determined using a multiplex sandwich immunoassay that
was performed using a Luminex 200 (Luminex; Austin,
USA) and xMAP technology [19, 20]. In this assay, the
specific antibody was covalently coupled to Luminex micro-
spheres and uniquely labeled with a fluorescent dye. Briefly,
the microspheres were incubated overnight with standards,
controls, and serum samples in a 96-well microliter filter
plate for duplicate determination. After washing the wells,
a mixture of the relevant biotinylated detection antibodies
was added and incubated for 30min at room temperature.
Streptavidin-phycoerythrin was then added for an additional
30min. The beads were finally washed twice, resuspended in
buffer, and analyzed by Exponent software according to the
manufacturer’s instructions. The results are reported as the
means of the duplicates.

2.10. Circulating Angiogenic Cells. Peripheral bloodmononu-
clear cells (PBMC) were isolated from the blood by Ficoll
density-gradient centrifugation, according to the manufac-
turer’s instructions. After the isolation, 5× 106 cells were incu-
bated with 10 𝜇L of CD34-FITC (BD Biosciences; Franklin
Lakes, NJ, USA), 6 𝜇L of CD133-PE (Miltenyi; Bergisch
Gladbach, North Rhine-Westphalia, Germany), and 10 𝜇L
of VEGFR2-APC (R&D Systems; Minneapolis, MN, USA).
All antibodies were added directly to the cell suspension
and kept in the dark at 4∘C for 40min. Cells were washed
three times with phosphate buffer solution and fixed with
FACS Lysing solution (BD Biosciences; Franklin Lakes, NJ,

USA). The respective isotypes (FITC, PE, and APC) were
used as controls. Cell fluorescence was measured by flow
cytometry using FACSVerse (BDBiosciences; Franklin Lakes,
NJ, USA), and a total of 3 × 106 events were analyzed using
the Suits software (BDBiosciences; Franklin Lakes, NJ, USA).
CD34+/VEGFR2+ cells and CD34+/CD133+/VEGFR2+ cells
were considered CACs. They were calculated as a per-
centage of VEGFR2+ cells and CD133+/VEGFR2+ cells in
the CD34+ gate, respectively. Intraclass correlation coef-
ficient was 0.80 for CD34+/VEGFR2+ cells and 0.90 for
CD34+/CD133+/VEGFR2+ cells.

2.11. Gelatin Zymography. Gelatinolytic activity of serum
MMP-2 and MMP-9 was measured using the gelatin zymog-
raphy technique. Quantification of serum protein was deter-
mined by the Lowry method [21]. Proteins were elec-
trophoresed through a 9% polyacrylamide gel copolymerized
with gelatin (2mg/mL, type A from porcine skin; Sigma-
Aldrich, St. Louis, MO, USA) and a 4% polyacrylamide
stacking gel.The gelswerewashedwith 2.5%TritonX-100 and
incubated for 24 h at 37∘C in activation buffer (10mM Tris
buffer, pH 7.5, with 5mM CaCl

2

and 1 𝜇M ZnCl
2

) in order
to verify the activity of the enzyme. After incubation, the
gels were stained with a solution containing 30% methanol,
10% acetic acid, and 0.05% Coomassie brilliant blue (R-250;
Sigma-Aldrich, St. Louis, MO, USA). Gelatinolytic activities
were defined as transparent bands against the dark blue
background. Zymograms were digitally scanned. The band
intensities were measured using Scion Image (Scion Corpo-
ration; Frederick, MD, USA) and expressed as a ratio to the
internal standard. Fetal bovine serum was used in each gel as
amolecular weight standard for gelatinases and as an internal
standard to correct for intergel variability.

2.12. Statistical Analysis. Data distribution was determined
through the Shapiro-Wilk test and homogeneity of vari-
ances by Levene’s test. A total sample size of 8 subjects
was necessary to detect differences of 5% between groups
(group main effect), considering a two-way ANOVA 𝑃 value
of 0.05 and power of 0.80. Unpaired Student’s 𝑡-test was
performed to identify significance between group differences
in all normally distributed variables. When distributional
assumption of normality was notmet, the statistical inference
was obtained using the Mann-Whitney 𝑈 test, an equivalent
nonparametric test. A chi-square test was used to analyze
categorical variables. Two-way ANOVAwas used to compare
the variables before and after exercise or nonexercise session
between the groups, followed by Fisher post hoc test in case of
significant interaction, group, and/or moment effect. All the
concentration values of adhesion molecules were multiplied
by a constant 100. Outliers were considered as the mean ±
three times the standard deviation and were excluded from
the analyses. Significance was accepted at the 0.05 level.

3. Results

The anthropometric, clinical, and biochemical profiles of
healthy controls and subjects with early MetS are presented
in Table 1. As expected, body mass, body mass index (BMI),
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Table 1: Selected subject characteristics.

Variable Healthy MetS P value
Number 9 15 —
Age, yr 33 ± 3 37 ± 2 0.23
Sex, M/W 6/3 12/3 0.47
Body mass, kg 71 ± 4 93 ± 4 <0.01
BMI, kg⋅m−2 23 ± 1 31 ± 1 <0.01
Body fat, % 26 ± 2 36 ± 2 <0.01
Waist circumference, cm 79 ± 3 102 ± 3 <0.01
Systolic BP, mmHg 117 ± 2 126 ± 3 <0.01
Diastolic BP, mmHg 75 ± 2 84 ± 2 <0.01
VO2peak, L⋅min−1 2.3 ± 0.2 2.2 ± 0.3 0.74
Total cholesterol, mmol⋅L−1 4.4 ± 0.2 5.6 ± 0.2 <0.01
LDL cholesterol, mmol⋅L−1 2.7 ± 0.2 3.6 ± 0.2 <0.01
HDL cholesterol, mmol⋅L−1∗ 1.3 ± 0.5 1 ± 0.2 <0.01
Triglycerides, mmol⋅L−1 0.7 ± 0.1 2.1 ± 0.2 <0.01
Glucose, mmol⋅L−1 4.8 ± 0.1 5.5 ± 0.2 <0.01
Insulin, 𝜇IU⋅mL−1∗ 7.4 ± 2.5 13.8 ± 12.5 <0.01
HOMA-IR∗ 1.5 ± 1.0 3.0 ± 3.5 <0.01
Total leukocytes count, 103⋅mm−3 6.2 ± 0.8 6.8 ± 0.4 0.44
Values are means ± SE or ∗medians ± interquartile range. M: men; W:
women; BMI: body mass index; BP: blood pressure; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; HOMA-IR: homeostasis model
of insulin resistance.

body fat, waist circumference, blood pressure, lipid profile,
and glucose profile were significantly different between the
healthy and MetS groups. There was no difference between
groups regarding gender, age, absolute peak oxygen con-
sumption (VO

2peak), and total leukocyte count.
Figure 1 shows the levels of adhesion molecules (sE-

selectin, sICAM-1, and sVCAM-1) before and after exercise
in healthy controls and subjects with early MetS. Levels
of sE-selectin and sICAM-1 were 106% and 87% higher
in subjects with early MetS when compared with healthy
controls (𝑃 < 0.01; Figure 1) at baseline. After exercise, the
levels of these molecules were still higher than in healthy
controls (𝑃 ≤ 0.01). sVCAM-1 levels were similar between
groups at baseline (𝑃 = 0.83) and after exercise (𝑃 = 0.76).
However, both groups presented increased sVCAM-1 levels
after exercise (𝑃 ≤ 0.03).

Regarding the flow cytometry data (Figure 2), no differ-
ence was found at baseline in either CD34+/VEGFR2+ cells
(𝑃 = 0.31; Figure 2(a)) or CD34+/CD133+/VEGFR2+ cells
(𝑃 = 0.39; Figure 2(b)) between groups. Subjects with early
MetS showed a lower number of CD34+/VEGFR2+ cells (𝑃 =
0.02) and CD34+/CD133+/VEGFR2+ cells (𝑃 = 0.02) than
healthy controls after exercise.

Subjects with earlyMetS presented higher levels ofMMP-
9 at baseline (𝑃 = 0.04) and after exercise (𝑃 = 0.02) when
compared to healthy controls (Table 2). AlthoughG-CSFhave
increased similarly in both groups after exercise (𝑃 < 0.05),
no differences were observed in the serum concentration
of all angiogenic factors between groups before and after
exercise (𝑃 > 0.05; Table 2).

Figure 3 shows the MMP-2 and MMP-9 activities before
and after exercise sessions in healthy controls and subjects
with early MetS. At baseline, no differences were found in
MMP-2 and MMP-9 activities between groups (𝑃 > 0.05;
Figures 3(a) and 3(b), resp.). After exercise, only healthy
controls had increased MMP-2 activity after exercise (𝑃 <
0.01; Figure 3(a)). In addition, subjects with early MetS
presented an increase in MMP-9 activity after exercise (𝑃 =
0.01; Figure 3(b)), which was different between groups (𝑃 <
0.05; Figure 3(b)).

There was no difference in all variables betweenmoments
in nonexercise session (𝑃 > 0.05; data not shown).

4. Discussion

Our study hypothesized that subjects with early MetS
already presented an impaired endothelial function along
with an altered response of angiogenic factors, CACs, and
MMPs to exercise. This study presented four novel find-
ings: (1) subjects with early MetS presented higher levels
of adhesion molecules and MMP-9 and similar levels of
CD34+/VEGFR2+ and CD34+/CD133+/VEGFR2+ cells at
baseline compared with healthy controls; (2) subjects with
early MetS presented a lower number of CD34+/VEGFR2+
andCD34+/CD133+/VEGFR2+ cells after exercise; (3) healthy
controls presented increased MMP-2 activity, while subjects
with early MetS presented higher MMP-9 activity after
exercise; and (4) no differences were observed in angiogenic
factors between groups before and after exercise.

Adhesion molecules play a critical role during inflam-
matory responses by mediating the interaction of leukocytes
to endothelial cells and, subsequently, their migration into
perivascular tissues [22]. Studies have associated high levels
of cell adhesion molecules with endothelial dysfunction
and the development of atherosclerosis [23]. It was also
demonstrated that subjects with early MetS already present
an increased brachial artery time to peak diameter and
a reduced shear rate-adjusted flow-mediated dilation [24],
which may represent independent markers of endothelial
function in subjects with early MetS. The present study
corroborated these findings, showing that subjects with early
MetS presented increased baseline levels of sE-selectin and
sICAM-1 and, consequently, early endothelial dysfunction.
As observed for adhesion molecules, the levels of MMP-9
seemed to be higher in subjects with earlyMetS, whileMMPs
activities were not. Some studies have demonstrated that
increased baseline level of MMP-9 is related to atherothrom-
botic risk in subjects with cardiometabolic diseases [25] and
in healthy subjects [26].

Differences between the groups regarding CD34+/
VEGFR2+ and CD34+/CD133+/VEGFR2+ cells were
observed after exercise. This fact could be partially explained
by an elevated proinflammatory state [27]. In fact, levels of
sE-selectin and sICAM-1 were still increased after exercise
in subjects with early MetS, which contributes to apoptosis
or loss of CACs functionality. Acute exercise induces a
transient inflammatory response through the increase in
several cytokines such as interleukin-6, tumor necrosis
factor-𝛼, C-reactive protein [14], and nuclear factor kappa
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Table 2: Serum concentration of MMP-9 and angiogenic factors before and after exercise.

Variables Healthy MetS
Before exercise After exercise Before exercise After exercise

MMP-9 (ng⋅mL−1) 1.6 ± 0.3 1.8 ± 0.3 2.3 ± 0.2∗ 2.6 ± 0.2∗
VEGF (pg⋅mL−1) 225.1 ± 65.3 241.6 ± 65.8 146.6 ± 46.1 155.5 ± 46.5
G-CSF (pg⋅mL−1) 11.8 ± 3.7 15.8 ± 4.6† 17.3 ± 2.9 21.3 ± 3.6†
GM-CSF (pg⋅mL−1) 1.3 ± 1.2 1.6 ± 1.1 2.6 ± 0.9 3.3 ± 0.9
Values are means ± SE. Healthy: healthy controls; MetS: subjects with metabolic syndrome; MMP-9: metalloproteinase-9; VEGF: vascular endothelial growth
factor; G-CSF: granulocyte-colony stimulating factor; GM-CSF: granulocyte macrophage-colony stimulating factor. ∗𝑃 ≤ 0.04 versus healthy controls; †𝑃 <
0.05 versus before exercise.
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Figure 1: Adhesion molecules in healthy controls and subjects with MetS before and after exercise. sE-selectin: soluble endothelial selectin;
sICAM-1: soluble intercellular adhesion molecule-1; sVCAM-1: soluble vascular cell adhesion molecule-1. ∗𝑃 ≤ 0.01 versus healthy controls;
†

𝑃 ≤ 0.03 versus before exercise.

B [28] and oxidative stress [29] in healthy subjects and
in subjects with coronary artery disease [30]. In contrast,
chronic repetitive exercise, that is, physical training, induces
the development of an adaptation to the acute stress of
exercise bouts [31] and reduces proinflammatory cytokine
basal levels while inducing the expression of antioxidant and

anti-inflammatory variables in the vessel [30]. These factors
may directly inhibit the development of atherosclerosis and,
consequently, diminish the risk of cardiovascular events [32].

Previous studies have shown that chronic exercise
increases the number of CACs in subjects with MetS [33, 34].
However, these subjects presented established diseases, such
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Figure 2: Circulating angiogenic cells ((a) CD34+/VEGFR2+ cells; (b) CD34+/CD133+/VEGFR2+ cells) before and after exercise in healthy
controls and subjects with MetS. ∗𝑃 = 0.02 versus healthy controls.

†

M
M

P-
2

ac
tiv

ity
 (a

.u
.)

3

2

1

0

Healthy

MetS

Before exercise After exercise

(a)

Healthy

MetS

∗†

M
M

P-
2

ac
tiv

ity
 (a

.u
.)

3

2

1

0

Before exercise After exercise

(b)

Figure 3: MMP-2 (a) and MMP-9 (b) activities before and after exercise in healthy controls and subjects with MetS. MMP-2: matrix
metalloproteinase-2; MMP-9: matrix metalloproteinase-9. ∗𝑃 < 0.05 versus healthy controls; †𝑃 ≤ 0.01 versus before exercise.

as hypertension, diabetes, and coronary artery disease, and
were under the effect of different medications. Therefore,
the results of those studies could be biased by the presence
of cardiometabolic diseases or the pleiotropic effects of the
drugs. To our knowledge, the present study is the first to
investigate the number of CACs after one bout of exercise
in subjects with early MetS, that is, free of overt disease or
pharmacological treatment.

An exercise bout increased MMP-2 activity in healthy
controls and MMP-9 activity in subjects with early MetS. A
previous study has already demonstrated opposite behaviors
between serumMMP-2 andMMP-9 in critical limb ischemia

patients [35]. It was also shown that expression ofMMP-2 and
MMP-9 onCACs surface plays a role in their invasive capacity
and the guidance of circulating endothelial cells (mature or
progenitor) to ischemic regions. Exercise is a physiological
stimulus, which increases local production and release of
growth factors and chemoattractant cytokines [36, 37].These
factors are able to activateMMPs, causing CACsmobilization
from bone marrow to peripheral circulation [36–38]. It was
shown that G-CSF is able to increase MMP-2 activity in
human trophoblast cell line, through activation of PI3K/Akt
andErk signaling pathways [38]. Although subjects with early
MetS also presented increased levels of G-CSF after exercise,
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they failed to increase MMP-2 activity and release CACs
to peripheral blood. Other studies are necessary to address
possible mechanisms that activate MMP-2 in MetS.

In addition,MMP-9 is released from skeletal muscles into
the circulation as a response to proinflammatory conditions,
contributing to the disruption of atherosclerotic plaques [39].
It was already shown that concentration and activity ofMMP-
9 increased during exercise in healthy subjects, returning
to baseline levels at the end of exercise [15]. Our results
corroborated these findings, showing that there is no differ-
ence between the pre- and postexercise moments in healthy
controls. On the other hand, it seems that subjects with
early MetS exhibited a sustained or late increase in MMP-9
activity after exercise. MMP-9 high levels and activity have
been considered independent predictors for the development
of coronary artery diseases [16] and are associated with
increased cardiovascular risk in subjects with MetS [40].

CACs and MMP-9 may be considered independent
biomarkers for endothelial function, predicting the onset of
MetS-related diseases. Although the activation of proteinases,
such as MMP-9, increases CACs mobilization from the bone
marrow quiescent niche [41], the increase in MMP-9 activity
was not enough to increase CACs in subjects with earlyMetS.
It is conceivable that MMP-9 high activity, after exercise in
subjects with earlyMetS,may have led to a transitory increase
in CACs mobilization from the bone marrow to peripheral
blood followed by an increase in CACs consumption by the
impaired endothelium in subjects with early MetS. However,
other specific studies are necessary to confirm these hypothe-
ses. Moreover, there are othermolecules and conditions, such
as nitric oxide and oxidative stress, which could influence the
number of CACs after exercise. NO is already known as a
potent stimulus of CACsmobilization. A lower bioavailability
of serum NO after exercise would be a mechanism that may
explain the diminished levels of CACs in subjects with early
MetS. It was also shown that antioxidative enzyme levels are
reduced [42], while oxidative stress is increased in subjects
with MetS [42] or after acute exercise [29].

The present study should be interpreted considering
some limitations. First, anti-CD34, anti-VEGFR2, and anti-
CD133 antibodies were used to quantify CACs by flow
cytometry. Currently, there is no gold-standard marker for
characterization of CACs. This point makes it difficult to
standardize and compare the quantification of CACs among
the different published studies. However, CD34+/VEGFR2+
and CD34+/CD133+/VEGFR2+ are most frequently used
for their identification because the level of circulating
CD34+/VEGFR2+ cells predicts the occurrence of cardiovas-
cular events and death, which may help to identify patients at
increased cardiovascular risk [43]. Second, we used men and
women in the same analysis. To counter this limitation, the
groups were matched for sex differences and all the women
were evaluated in the follicular phase of the menstrual cycle.
A third potential limitation was the absence of differences
in CACs number at baseline between the groups. Some
studies have demonstrated that subjects with cardiometabolic
diseases present reduced baseline levels of CD34+/VEGFR2+
cells [11] when compared with healthy controls. However,
the current population with MetS is free of overt disease or

pharmacological treatment, and these factors are known to
alter the results [12, 13, 44].

In conclusion, despite being free of established chronic
diseases and pharmacological treatment, the subjects with
MetS already presented an early impairment of endothelial
function, as shown by increased baseline levels of sE-selectin,
sICAM-1, and MMP-9. In addition, subjects with early MetS
already exhibited an impaired response to exercise in terms of
CACs and MMP-9 activity. The analysis of these biomarker
changes could be potentially useful to develop preventive
measures before the onset of MetS-related diseases.
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