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Abstract

Background. Recent studies have suggested that angiogenic factors may affect
vascular endothelial integrity. On the other hand, endothelial dysfunction is the main
pathological mechanism in microvascular angina (MVA) or cardiac syndrome X.
Therefore, we aimed to determine the levels of angiogenic factors in MVA patients.
In addition, we investigated the effects of metoprolol, as a beta blocker agent, on the
serum levels of these factors.

Methods. Thirty patients with MVA (17 female/13 male; mean age: 55.5349.18
years) and twenty healthy controls (14 female/6 male; mean age: 51.40+9.16 years)
were enrolled.

The serum amounts of angiopoietin-1 (Ang-1), angiopoietin-2 (Ang-2) and tyrosine
kinase-2 receptor (Tie-2) were measured in healthy controls, MVA patients at baseline
and after metoprolol therapy (25 mg for one month) by enzyme-linked immunosorbent
assay.
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Results. The levels of Ang-2 and Tie-2 were significantly higher in MVA patients at
baseline in comparison with controls (Ang-2: 277.02+186.08 vs.164.46+49.83 ng/l,
P=0.011; Tie-2: 28.97+18.85 vs. 14.90+4.05 ng/ml, P=0.002; respectively). But this
difference in the Ang-1 levels was not significant (P=0.829). Additionally, the levels
of angiogenic factors in MVA patients after metoprolol therapy were not significantly
changed in comparison with the baseline status (P>0.05).

Conclusion. Our results considered a possible role for angiogenic factors in the
pathophysiology of MVA, which need ffurther investigation for elucidation. In
addition, this study has not showed an effective role for metoprolol in changing the
angiogenic factors levels as a therapeutic agent in MVA.
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Introduction

Cardiovascular disease, a common
consequence of coronary arteries
obstruction, is one of the most important
causes of death and disability, worldwide
[1]. Up to 40% of patients suffering
from chest discomfort characteristic
of angina and undergoing invasive
angiography present no sign of obstructive
atherosclerosis [2,3]. Exclusion of non-
cardiac diagnoses such as gastrointestinal
or psychiatric disorders, as well as the
presence of four important features
including angina-like chest pain, ST
segment  depression during angina
(>1 mm), normal epicardial coronary
arteries at angiography, and no sign
of spontaneous or inducible epicardial
coronary artery spasm on ergonovine or
acetylcholine provocation, are critical

hallmarks for cardiac syndrome X (CSX),
a historic term for microvascular angina
(MVA) diagnosis [3-5]. While various
plausible mechanisms are introduced for
chest pain in MVA patients, the primary
dysfunction of the small coronary
arteries (<500 mm in diameter), coronary
microvascular dysfunction, as an intricate
and incompletely understood condition, is
suggested to have a substantial etiological
role in the pathogenesis of MVA [6,7].
Angiogenesis is a sophisticated
process, which is operated by the
highly  regulated signaling events
among angiogenic factors [8]. Vascular
endothelial growth factor (VEGF),
tyrosine kinase-2 receptor (Tie-2) and
its ligands, angiopoietin-1 (Ang-1)

and angiopoietin-2 (Ang-2), which are
primarily expressed on endothelial cells
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and early hematopoietic cells [9], have been demonstrated
to play a substantial functions in developmental blood
vessel formation and modulation of hypoxia-induced tissue
angiogenesis [10]. These factors can stabilize endothelial
interactions with their supporting cells via promoting
endothelial cells survival; reduce vascular permeability
by slight effect on endothelial cells proliferation [11]. On
the other hand, Ang-2 may destabilize the vasculature
and results in vessel regression. All of these effects are
mediated by the binding of Ang-1 and Ang-2 to their
receptor termed the ECs- specific tyrosine kinase receptor
Tie-2 [12]. Ang/Tie-2 signaling pathway has central role
in regulating physiologic and pathologic angiogenesis, and
it is also a specific therapeutic target for the treatment of
vascular disease and cancer. Alteration in the levels of Ang-
1, Ang-2 and Tie-2 were reported in some cardiovascular
diseases such as acute coronary syndrome, congestive heart
failure, myocardial infraction, and diabetes-related unstable
angina pectoris [13-19]. However, to date the MVA-related
alterations in the levels of Ang-1, Ang-2 or the Tie-2
receptor expression, as well as the effects of treatment with
metoprolol, as the first line agent for the treatment of MVA,
have not been defined in patients with this cardiovascular
disease. Characterization of changes in endogenous Ang-
1, Ang-2 and Te-2 expression induced by MVA may be
essential for the elucidation of the role of this new family
of angiogenic mediators in the pathogenesis of MVA, as
well as possible targeting of these proteins as a therapeutic
strategy in improving endothelial dysfunction. In this study,
we aimed to investigate the angiogenesis status in patients
with MVA by measuring the levels of Ang-1, Ang-2 and
Tie-2 and then assess the effects of metoprolol therapy on
these parameters.

Materials and methods

Study participants

In this study we enrolled MVA patients and
apparently healthy controls. The case group consisted of
30 patients (13 male and 17 female, mean age: 55.53+9.18
years) who referred to our institution for suspected coronary
artery disease. The entry criteria were typical angina- like
chest pain, a normal 12-lead ECG at rest, a positive exercise
ECG stress test response (>1.5 mV ST-segment depression
at 60 times after the j point in 2 contiguous leads that for
> 1 minute) and normal coronary angiogram. Non-cardiac
causes of chest pain and other dysfunctions such as left
ventricular dysfunction, myocardial infarction, valvular
heart disease and myocardial hypertrophy on M- and B-
mode echocardiography, pericardial disease and psychiatric
disorders, other systemic disease such as diabetes
mellitus, renal, hepatic and pulmonary disorders, acute
and chronic infection and hypertension were not included
in this study. All medical history was collected before
physical examination, including complaints, existence of
other diseases, risk factors and cardiac and non-cardiac

medications. Additionally, the control group consisted of
20 (6 male and 14 female, mean age: 51.40+9.16 years)
apparently healthy volunteers. None of the controls had a
previous history of chest pain, diabetes and hypertension,
acute and chronic diseases. Also they did not take any
kind of cardiac or non-cardiac medication and dietary
supplements. The study was approved by the University
Medical Ethics Committee and informed consent was
obtained from all subjects.

A 5 ml blood sample was obtained from each subject
and centrifuged at 300 g for 20 minutes. Serum was aliquoted
and stored at —80 °C until analysis. Then metoprolol, 25
mg orally, was given daily to patients and maintained for 4
weeks. After mentioned time, we collected serum samples in
same conditions and stored for biochemical analysis.

Biochemical analysis

Serum samples were used for the measuring
the angiogenic markers levels. For Ang-1 measuring,
we used sandwich ELISA method and commercial kit
(Shanghai crystal day Biotech., China); according to the
manufacturer’s instruction sensitivity was 5.49 pg/ml. We
used the same method for Ang-2 (Shanghai crystal day
Biotech., China; sensitivity: 2.49 ng/l) and Tie-2 receptor
(Shanghai crystal day Biotech., China; sensitivity: 0.23ng/
ml). All three markers were measured in three groups
including controls, MVA patients at baseline and after
metoprolol therapy.

Statistical analysis

The data were analyzed in SPSS software
version 21. Quantitative parameters including age, BMI,
blood pressure and angiogenic markers were shown as
meantstandard deviation (SD) and for analyzing qualitative
parameters, we used proportion. Kolmogorov—Smirnov
test was used to determine the parametric distribution of
the variable. For comparison of quantitative parameters,
t-test, and for comparison of the parameters levels after and
before treatment, Wilcoxon test (paired t-test) were used.
In addition, qualitative data was interpreted on the basis of
Chi square test. A p-value less than 0.05 was accepted as
statistically significant.

Results

The main demographic features of MVA patient
and control groups are shown in table I. A comparison
of angiogenic markers levels between controls and MVA
patients before treatment was first part of this study. In MVA
patients, the levels of Ang-2 and Tie-2 were significantly
higher than controls (P=0.011 and P=0.002, respectively).
But Ang-1 levels between these groups were not significant
(p= 0. 829, Table II).

The second part of study was the assessment of
angiogenic markers in MVA patients before and after
treatment with metoprolol. The levels of Ang-1, Ang-2 and
Tie-2 were not significantly different between groups (P=
0.711, P=0.229, P= 0.216; respectively, Table II).
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Table I. Main demographic characteristics of microvascular angina (MVA) and control groups

Gender (male/female) 6/14 13/17 1.000
Age (years) 51.40£9.16 55.53+9.18 0.161
Body mass index (kg/m2) 26.00+1.88 28.60+5.83 0.061
Systolic blood pressure (mm Hg) 115+8.27 123£19.50 0.112
Diastolic blood pressure (mmHg) 71.50+8.12 72.50+10.56 0.722

Table II. Angiogenic factors levels in controls and M VA patients at baseline and after metoprolol therapy

Angiogenic factors
801.62+392.28
164.46+49.83
14.90+4.05

Angiopoetin-1 (pg/ml)
Angiopoetin-2 (ng/l)
Tyrosine kinase-2 receptor (Tie-2) (ng/ml)

P1: controls and baseline MVA
P2: Baseline MVA and after metoprolol therapy

Discussion

Endothelial dysfunction, which is characterized by
imbalance between vaso-dilating and vaso-constricting
substances generated by the endothelium, is the most
significant mechanism involved in the pathogenesis of
MVA [20]. Therefore, the exact attribution of endothelial
dysfunction and the factors that influence endothelial
function in MVA is a subject of great interest for researchers
in this field. In our previous studies, we investigated the
various aspects of this subject and assessed different factors
that may be involved in the pathogenesis of the MVA and
we obtained attractive results, even offered a hypothesis in
this area [21-24]. As a follow-up of our research chain about
MVA, in this study we have addressed the involvement
of angiogenesis and the levels of angiogenic factors in
MVA. Our results showed that the levels of two important
angiogenic factors including Ang-2, but not Ang-1, and
their receptor levels, Tie-2, were significantly increased
in patients with MVA compared with healthy subjects.
On the other hand, we administrated metoprolol to MVA
group and observed that angiogenic factors levels were not
significantly changed.

Accumulating previous studies had evaluated the
involvement of angiogenic factors in the pathogenesis of
various cardiovascular diseases. For instance, Lee et al]
measured plasma Ang-1, Ang-2, and Tie-2 alongside VEGF
in patients suffering from acute chronic syndrome (ACS)
and compared with patients with stable angina and healthy
controls. They found that Ang-2, Tie-2 and VEGF, but not
Ang-1 levels, were higher in patients with ACS compared to
controls [14]. In another study, Chen, et al. investigated the
association of Ang-1 and Ang-2 levels with heart failure in
patients with acute myocardial infarction. They found that
the levels of Ang-1 and Ang-2 were increased significantly
in patients with heart failure as compared with patients
without heart failure [25]. In a rat model of myocardial
infarction, Sandhu et al. showed a predominant role for

MVA at baseline

MVA after treatment

780.63+240.23 749.61+349.42 0.829 0.711
277.02+186. 08 204.77+95.00 0.011 0.229
28.97+18.85 21.14+11.8 0.002 0.216

Ang-2 in the angiogenic response to myocardial infarction.
Myocardial ischemia induced in rats by left coronary artery
ligation led to a considerable increase in Ang-2 expression
and a reciprocal decrease in Ang-1 [15]. Chong et al. in
another study showed abnormal levels of Ang-2 and Tie-2,
but normal Ang-1 levels in patients with congestive heart
disease [13]. As mentioned before, impaired relaxation or
enhanced sensitivity to vasoconstriction in the intramural
arterioles and pre arterioles in patients with MVA leads to
significant impairment in the myocardial blood supply and
episodes of ischemia. This situation may be a reasonable
explanation for the increased angiogenic signaling in MVA
patients, in accordance to other cardiovascular diseases, in
which coronary artery obstruction increases angiogenesis
in order to recover from ischemia induced myocardial
damages. The correlation of angiogenic factors such as Ang-
1, Ang-2, with endothelial dysfunction was reported in some
studies. For example, Lim et al. measured Ang-1, Ang-2,
and VEGF alongside other endothelial dysfunction markers
in 94 patients with diabetes. They documented that plasma
Ang-2 and VEGF, but not Ang-1 levels, were significantly
increased in diabetes patients regardless of cardiovascular
disease. They found a significant relation between
endothelial dysfunction markers such as vWF levels [26].
In summary, we have shown that angiogenesis and increase
in angiogenic factors is related to endothelial dysfunction
and probably changes in angiogenesis activation in heart
muscle, as a result of endothelial dysfunction, may play a
possible role in the pathophysiology of MVA patients.

The lack of special definition for MVA, different
pathogenic mechanism responsible for the condition, as
well as the varied diagnostic criteria used by different
investigators have contributed to complications in
managing these patients [27]. Therefore, management of
these patients is a complex challenge. Undoubtedly, beta
blockers are the first line agents for treatment of MVA
patients [3]. Many studies evaluated the effectiveness
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of this blocker in MVA patients [28]. In our previous
studies, we showed that metoprolol efficiently improved
the endothelial function in patients with MVA through
significantly decreasing the endothelin-1, E-selectin, and
vascular cell adhesion molecule-1 (VCAM-1) levels, as
specific markers of endothelial dysfunction [7]. In other
study, Sen et al. assessed the effects of metoprolol and
nebivolol on endothelial function in MVA patients. They
documented that nebivolol had better effect on endothelial
function [29]. Moreover, Bank et al. evaluated the effects
of metoprolol and carvedilol on endothelial function in
diabetic patients. They showed that carvedilol had better
effects than metoprolol on endothelial function [30]. Zhang
et al. investigated the effects of metoprolol on angiogenesis
and expression of VEGF factor in 36 rats with ischemic
heart muscle. They reported that metoprolol intervened in
the induction of angiogenesis in rats with ischemic heart
muscle [31]. However, we did not observe any beneficial
effects of metoprolol on the angiogenic factors in MVA
patients. Therefore, metoprolol may exert its therapeutic
action through other mechanisms such as improvement of
endothelial function, not angiogenesis in MVA.

The main limitation of the present study was the
small number of patients with MVA. It will be very useful
to see the effect of metoprolol therapies on the other
angiogenesis-related factors such as vascular endothelial
growth factor. Therefore, large and long-term follow-up
studies are needed with patients with MVA after metoprolol
administration. Other limitation was the lack of a measure
for endothelial dysfunction in the subjects investigated and
its correlation with angiogenesis.

Conclusion

In present study, Ang-2 and Tie-2 levels were not
statistically significantly changed after one month treatment
with metoprolol in MVA patients compared to patients at
baseline. That may be due to the small population, short
duration of treatment or small dose of drug. We showed
abnormal levels for Ang-2 and Tie-2 in MVA patients.
These abnormalities may be considered as a possible
relation of these angiogenic factors to the pathophysiology
of MVA, which need further investigation for elucidation.
In addition, in our study, because of slight reduction in
angiogenic factors after treatment with metoprolol (25
mg) during one month, we hypothesize that metoprolol has
not conspicuous effect on levels of angiogenic factors in
MVA patients. Our study supports further research into the
complex interactions between Ang-1 and Ang-2 at the Tie-
2 receptor, and into their functional relevance in vivo.
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