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Association between microRNAs and coronary collateral
circulation: is there a new role for the small non-coding RNAs?
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Abstract: We read with interest the article entitled “Circulating microRNAs characterizing patients with

insufficient coronary collateral artery function” which was recently published in the PLOS ONE journal. It was

demonstrated for the first time that specific circulating microRNAs (miRNAs) can distinguish patients with

sufficient from those with insufficient coronary collateral circulation. Circulating miRNAs in the plasma of patients

with stable CAD and chronic CT'O could provide information with regard to the coronary collateral artery capacity.

However, several aspects need to be taken into consideration before the use of miRNAs in the clinical practice.

A risk model that would incorporate risk factors for cardiovascular disease and miRNAs could prove to be very

useful. Although an association between the levels of miRNAs and the collateral artery capacity appears promising,

it still does not confirm any causal role for miRNAs. Therefore, large clinical studies in populations with CTO are

warranted to evaluate this finding.
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Studies have shown that the presence of sufficient collateral
circulation is beneficial for patients with stable CAD, as
it improves the survival rates (1). A circulating biomarker
that would provide us with the appropriate information
regarding to the existence of collateral circulation in these
patients would be very helpful in the clinical setting.
microRINAs (miRNAs) actively participate in cardiovascular
homeostasis and play an important role in the initiation and
progression of cardiovascular disease (2). Recent data suggest
that miRNAs contribute to the formation of vulnerable
atherosclerotic plaques (3), while they enhance angiogenesis
as well. Therefore, it has been speculated that circulating
miRNAs can provide information about the collateral
artery network of patients with chronic total occlusion
(CTO). In the present article, Hakimzadeh et a/. (4)
showed for the first time that specific circulating miRNAs
can distinguish patients with sufficient and patients with
insufficient coronary collateral circulation.
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miRNAs and angiogenesis

It was an interesting discovery that the enzymes involved in
miRNAs maturation also participate in angiogenesis: Dicer
inhibition resulted in a decrease in angiogenesis in vivo,
while inhibition of Drosha resulted in an anti-angiogenic
effect in vitro (5). Since then, studies have shown that several
miRNAs upregulate angiogenesis, while others suppress
angiogenic pathways (6) (Figure I). However, the data were
mainly derived from preclinical studies, until Nie et 4/. (7)
showed that miR-126 levels, along with vascular endothelial
growth factor (VEGF) levels, were higher in healthy people
and in patients with well-developed collateral arteries
compared to patients with under-developed collateral
circulation. In addition, miR-126 levels could independently
predict coronary collateral circulation formation.
Nevertheless, Hakimzadeh et a/. (4) provided further insight
to this issue. Their study included patients undergoing
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Pro-angiogenic miRNAs
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Figure 1 Pro-angiogenic versus anti-angiogenic miRNAs. Some miRNAs upregulate angiogenesis by promoting angiogenic factors (i.e.,
VEGEF) or by inhibiting anti-antiogenic mediators (i.e., TSP1), while others downregulate angiogenesis by inhibiting anigiogenic molecular
pathways. VEGE, vascular endothelial growth factor; TSP1, thrombospondin 1; ZBTBI10, zinc finger and BTB domain-containing protein
10; SPRED]1, sprout-related EVH1 domain-containing protein 1; PIK3R2, phosphatidylinositol 3-kinase regulatory subunit beta; Sp,
substance P; FGF2, fibroblast growth factor; KIT, receptor kinase protein/gene.

successful percutaneous coronary intervention and had
CTO of a coronary artery. The levels of miR 423-5p,
miR-30d, miR-10b and miR-126 were increased in the
setting of insufficient coronary collateral artery capacity. In
comparison to healthy controls, though, only the levels of
miR-30d and miR126 were found to be elevated. Indeed,
there is evidence that gene modulation can discriminate
between patients with well developed and patients with
poorly developed collateral arteries. van der Laan (8)
showed in patients with CTO that the mRNA expression of
galectin-2 was increased in monocytes of patients with low
collateral flow index (CFI). The rs7291467 polymorphism
was associated with increased galectin-2 levels and a lower
angiogenic response. Nevertheless, the role of miRNAs in
angiogenesis was only recently examined.

Several studies have proved the angiogenic potential of
miR-126. A study that included patients with right
ventricular heart failure and pulmonary hypertension
showed that lower levels of miR-126 were expressed in
right ventricular tissues of patients with decompensated
heart failure. Of note, this was associated with decreased
capillary density. The in vivo upregulation of miR-126
improved vascular density in an experimental animal model
of pulmonary artery hypertension (9). More recently, the
administration of miR-126 through ultrasound-targeted
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microbubble destruction resulted in increased vascular
density in an animal model of chronic ischemia, as it
enhanced VEGEF and promoted angiopoietin-1 signaling (10).

In turn miRNA-10b has been shown to regulate
angiogenesis in glioblastoma multiforme (11) and it was
found to be implicated in vascular smooth muscle cell
proliferation which is associated with atherosclerosis
progression (12). miR-423-5p has been recently recognized
as a novel biomarker for congestive heart failure and
correlates with pro-brain natriuretic peptide (pro-BNP)
levels. As opposed to miR-30d, though, miR-423-5p has
been linked to increased cardiomyocyte apoptosis (13).

miRNAs as circulating biomarkers for coronary
collateral circulation: challenges to meet

A circulating biomarker that would determine patients with
poorly developed collateral coronary artery network would be
of great clinical significance, since the invasive procedure of
coronary angiography could potentially be avoided. In addition,
coronary angiography can disclose arteries of >100 pm (14),
thus cannot provide insight into microcirculation. It appears
that the findings of Hakimzadeh et 4l. (4) are promising.
However, up to date, no equivalent circulating biomarker
exists (Table I). That makes it difficult to compare the
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discriminatory capacity of miR 423-5p, miR-30d, miR-10b
and miR-126 with the discriminatory capacity of an
established circulating biomarker. It should be mentioned
that a generally accepted definition of low collateral
capacity is necessary, so that the results of the future studies
will be comparable. For example, Nie et 4/. (7) used Rentrop
grades to assess coronary collateral circulation, while other
studies (1) considered collateral circulation capacity to be
insufficient when CFI was <0.25. Hakimzadeh et 4/. (4)
defined insufficient collateral circulation as the one with
CFI<0.39 and this was in agreement with the study of van
der Hoeven et 4l. (19). It should be stressed out that the
intracoronary assessment of CFI in healthy individuals
is not feasible, thereby limiting the information about
the collateral network in this population. Despite this
limitation, the levels of miR-30d and miR-126 were found
to be lower in healthy individuals compared to patients with
CTO &.

Several co-existing parameters might affect the
diagnostic ability of miRNAs in the general population.
Diabetes mellitus interferes with the formation of collateral
coronary artery network (15), while it has been found
to down regulate the expression of several miRNAs,
including miR-126 (20). A recent risk scoring model that
predicts poor collateral coronary circulation showed that
a combination of white blood cell count, age and history
of myocardial infarction can predict poorly developed
collaterals (15). Therefore it is necessary to stratify
patients’ risk for poor collateral coronary circulation before
attempting to evaluate the levels of a circulating biomarker.
In the present article (4), patients with diabetes mellitus and
a history of myocardial infarction were excluded from the
study so that the expression patterns of miRNAs could be
examined independently. Of note, the discriminatory power
of miR-10b, miR-30d, miR-423-5p was evident only after
multivariate analysis, which underscores the significance
of taking all clinical parameters into consideration. Since
leukocytes were found to be implicated in collateral artery
growth (15), their assessment seems mandatory. Hakimzadeh
et al. (4) found an association between miRNA-10b
levels and monocyte/leukocyte count, suggesting a
possible link between these parameters. Finally, aspirin
administration has been found to decrease miR-126 levels,
since platelets are a major pool of circulating miR-126 (21).
Nevertheless, in the present article, aspirin administration
did not blunt the discriminatory efficacy of miR-126 (4).
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Conclusions

Circulating miRNAs in the plasma of patients with stable
CAD and CTO have been shown to provide information
about the coronary collateral artery capacity. This could
possibly suggest an alternative diagnostic route to the
invasive coronary angiography. However, several aspects
need to be taken into consideration before the use of
specific miRNAs could be applied into clinical practice.
Co-existing parameters, such as diabetes mellitus and
leukocyte count, affect angiogenesis and might interfere
with the diagnostic efficacy of miRNAs; therefore, a risk
model that would incorporate such parameters could be
useful. It has become evident that an association between
the levels of circulating miRNAs and the collateral artery
capacity is not enough to confirm an underlying causative
mechanism. Therefore, many more large clinical studies
in populations with CTO are warranted to evaluate this

finding.
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