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Expression of miRNA-27a in the serum of patients with non-ST elevation acute 
coronary syndrome who underwent percutaneous coronary intervention 

Draganova A. S.1,2, Polyakova E. A.1,2, Kolodina D. A.1, Mikheeva K. Yu.1, Belyaeva O. D.1,2, Zaraysky M. I.1, 
Berkovich O. A.1,2, Shlyakhto E. V.1,2

Coronary artery disease (CAD) is a multifactorial disorder. 
Previously have been identified genes whose polymorphic 
variants are associated with an increased risk of CAD. 
Genetic control of the development of CAD at the post-
transcriptional level is carried out using step-wise and mul-
ticomponent regulation of gene expression with the partici-
pation of specific molecules called micro-ribonucleic acids 
(miRNAs). Currently, many authors consider these mole-
cules, in particular miRNA-27a, as potential sensitive diag-
nostic markers for acute coronary syndrome (ACS).
Aim. To assess the level of miRNA-27a expression in the 
serum of patients underwent percutaneous coronary inter-
vention (PCI) after non-ST elevation ACS. 
Material and methods. Forty patients with non-ST elevation 
ACS who underwent coronary artery stenting were examined. 
The comparison groups consisted of 80 patients with a stable 
CAD who underwent coronary artery bypass surgery, and 20 
patients without clinical signs of CAD operated due to valvu-
lar disorders without atherosclerotic lesions. All patients 
underwent coronary angiography. The expression level of 
miRNA-27a was determined in serum by real-time poly-
merase chain reaction.
Results. In patients with non-ST elevation ACS, who under-
went PCI, the expression level of miRNA-27a in serum was 
higher than in patients without atherosclerotic lesions 
(6,99±1,69 and 3,05±0,89, respectively; p0,05).

Conclusion. High levels of miRNA-27a expression can be 
considered as a marker of coronary lesion severity in patients 
with CAD, but not as a marker for ACS. 
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nature of coronary artery injury and management 
tactics. Patients were divided into 2 groups. The first 
group consisted of 19 patients (48%) with diagnosed 
one‑ or two‑vessel CAD, the second group  — 21 
patients (51%) with multivessel CAD (3 arteries and 
more). The comparison group consisted of 20 (10 
men and 10 women) subjects without CAD, accord‑
ing to coronary angiography.

Also, as an additional comparison group, 80 
patients with a stable CAD (57 men and 23 women) 
and clinical picture of angina pectoris, which later 
underwent planned coronary artery bypass grafting 
(CABG), were examined.

Exclusion criteria were previous CABG, thyroid 
disease, secondary obesity and hypertension, oncol‑
ogy, acute kidney injury and chronic kidney disease, 
systemic connective tissue diseases, infective endo‑
carditis, hypo/hyperthyroidism, organic brain dis‑
eases, alcoholism, drug addiction.

All patients with ACS received therapy in accor‑
dance with the guidelines for the management of 
ACS patients. The following data were collected from 
all patients: smoking history, family history of CVD, 
presence of overweight/obesity. A general examina‑
tion was performed; height, body weight, waist cir‑
cumference (WC) were measured and body mass 
index (BMI) was calculated. All biochemical param‑
eters were determined on an automatic biochemistry 
analyzer (COBAS INTEGRA 400/700/800) with 
standard Roche kit (Germany). Quantitation of 
venous plasma glucose by hexokinase method was 
performed. Serum lipids (total cholesterol (TC), tri‑
glycerides (TG), high density lipoprotein cholesterol 
(HDL‑C), low density lipoprotein cholesterol (LDL‑
C)) was analyzed by enzymatic method.

Blood sampling was carried out no longer than 48 
hours after the ACS onset and before CABG in 
patients with stable angina pectoris. Molecular 
genetic tests were performed at the Department of 
Clinical Laboratory Diagnostics of First Pavlov State 
Medical University of St. Petersburg. Blood serum 
was used in miRNA isolation. miRNA was isolated 
using the miRNeasy Mini Kit (QIAGEN, USA). The 
concentration of the miRNA aqueous solution was 
determined on a Nanodrop 1000 spectrophotometer 
(Thermo Scientific, USA). Reverse transcription was 
performed using a TaqMan miRNA reverse tran‑
scription kit. Real‑time polymerase chain reaction 
was carried out using a miRNA‑27a expression kit 
manufactured by Applied Biosystems (USA) Taq‑
Man® Gene Expression Assays.

Statistical processing was carried out using the 
parametric and nonparametric methods. The level 

Cardiovascular diseases (CVD) and foremost cor‑
onary heart disease (CAD) are one of the most 
important medical and social problems due to its 
high share in the patterns of morbidity, disability and 
mortality. Despite the progress in primary prevention 
and pharmacotherapy, as well as the high efficiency 
of surgical methods for the CAD treatment, in par‑
ticular percutaneous coronary interventions (PCI), 
today CAD is a leading cause of death worldwide. 
The annual incidence of acute coronary syndrome 
(ACS) in Europe remains high and varies from 1:80 
to 1:170 people per year according to various regis‑
ters. In this regard, there is a need to search for new 
molecular genetic markers of CAD (including ACS) 
severity.

The number of publications on this problem is 
constantly increasing. However, little is still known 
about the post‑transcriptional regulation of the 
expression of CAD candidate genes. Post‑transcrip‑
tional gene regulation is a change in the RNA struc‑
ture until the start of gene translation. One of the 
main processes of post‑transcriptional regulation is 
RNA interference. RNA interference is a process 
directed by special regulatory molecules  — non‑
coding small interfering RNA  — microRNA 
(miRNA) [1, 2].

It is known that miRNAs plays an important role 
in the CVD development by participating in various 
biological processes, such as endothelial dysfunction, 
cell adhesion, plaque formation and rupture, angio‑
genesis [3, 4], proliferation, metabolism, and apop‑
tosis [5].

In recent years, special attention has been paid to 
the study of miRNA circulating in the blood, which 
can be used as markers for minimally invasive diag‑
nosis of CVD, including some forms of CAD. So, it 
is known that a number of miRNA can be considered 
as ACS markers [6‑8].

There are few contradictory studies about miRNA‑
27a, which associated with ACS [9‑11].

In this regard, the aim of this study was to evaluate 
the level of miRNA‑27a expression in blood serum in 
patients with non–ST‑segment elevation ACS after 
PCI.

Material and methods
The study was approved by the Local Ethics Com‑

mittee of the First Pavlov State Medical University of 
St. Petersburg; all patients signed an informed con‑
sent.

The study included 40 people (28 men and 12 
women) with CAD after PCI due to ACS. All patients 
underwent coronary angiography to determine the 
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of miRNA‑27a had a normal distribution. Loga‑
rithm of miRNA determination results were taken 
to stabilize the dispersion and symmetrize the dis‑
tribution law. The data are presented as an estimate 
of the arithmetic mean (M) and error of the mean 
(m). To assess the intergroup differences, the Wil‑
coxon‑Mann‑Whitney U test was used. When 
comparing frequency values, the Pearson’s chi‑
squared test and Fisher’s exact test were used. A 
multivariate regression analysis was performed to 
establish the association of miRNAs with a combi‑
nation of various indicators potentially affecting it. 
The logarithmic miRNA was used as a dependent 
variable. Anamnestic, clinical, laboratory and 
functional parameters were used as independent 
explicative variables. For the diagnosis of multicol‑
linearity, the VIF (variance inf lation factor) was 
calculated and considered significant if it was less 
than two. Statistical processing was performed 
using SPSS 20.0 for Windows. The critical signifi‑
cance level of the null hypothesis (the absence of 
differences and inf luences) was taken equal to 
<0,05.

Results
Patients with non‑ST segment elevation ACS after 

PCI of groups 1A (one‑ or two‑vessel CAD) and 1B 
(multivessel CAD), patients without coronary ath‑
erosclerotic lesions (comparison group 1) and patients 
with stable CAD (comparison groups 2A and 2B) 
were comparable in age (Table 1).

Among the modifiable CVD risk factors, smok‑
ing was the most common in the group of patients 
with ACS. Among patients with ACS, 62,5% of 
patients smoked, which is significantly more than 
among patients without CAD (p<0,05). The level 
of miRNA‑27a expression in blood serum in smok‑
ers and non‑smokers with ACS did not differ 
(p>0,05).

It was shown that 12,5% of patients with ACS 
had a positive family history of CVD; the level of 
miRNA‑27a expression in blood serum in patients 
with/without this risk factor also did not differ 
(p>0,05).

Anthropometric parameters were analyzed in 
patients with ACS and comparison groups. 
Abdominal obesity (AO) was verified according to 
the criteria of the International Diabetes Federa‑
tion (IDF, 2005). According to these criteria, AO 
were in 46% of men (n=13) and 42% of women 
(n=5). The average WC values in patients with 
ACS of 1A and 1B groups did not differ, but in 
men with ACS and stable CAD, WC was greater 

than in men without CAD (p<0,01) (Table 1). In 
women, such differences were not detected 
(p>0,05) (Table 1).

When assessing the level of miRNA‑27a depend‑
ing on AO presence/absence in men and women, 
WC was recalculated from a quantitative to quali‑
tative character taking into account different stan‑
dards for men and women. There were no signifi‑
cant differences in the level of miRNA‑27a in 
patients with and without AO (p>0,05).

When assessing miRNA‑27a level in patients with 
ACS in groups with normal body weight, overweight 
and class I‑III obesity, there were no significant dif‑
ferences in miRNA27a level (p>0,05).

When assessing the serum lipid, it was found that 
TC and LDL‑C levels in patients with ACS and 
patients with a stable CAD did not differ, but were 
lower than in patients without CAD (Table 1). Prob‑
ably, these differences are due to the regular use of 
HMG‑CoA reductase inhibitors in patients with 
CAD.

The expression level of miRNA‑27a in men 
and women of groups 1A and 1B did not differ 
(p>0,05).

20% of patients with ACS had type 2 diabetes 
(T2D). It was found that the expression level of 
miRNA‑27a in patients with CAD and T2D and 
without T2D did not significantly differ (p>0,05).

It was found that in patients with CAD after 
non‑ST segment elevation ACS, and in patients 
with a stable CAD, the level of miRNA‑27a 
expression in blood serum was higher than in 
patients without CAD (6,99±1,69 RU, 7,82±1,79 
RU and 3,05±0,89 RU, respectively; p<0,05). 
Moreover, both patients with ACS and patients 
with stable CAD and multivessel coronary lesions 
had a higher level of miRNA‑27a serum expres‑
sion than patients with one‑ or two‑vessel  CAD 
(p<0,01) (Table 1).

At the same time, the level of miRNA‑27a 
serum expression in patients with non‑ST segment 
elevation ACS (groups 1A and 1B) and in patients 
with stable CAD (groups 2A and 2B) did not differ 
(6,99±1,69 RU and 8,57±3,90 RU, respectively; 
p>0,05).

A comparative analysis of miRNA‑27a serum 
expression in patients with ACS revealed the fol‑
lowing: in patients with hemodynamically signifi‑
cant stenoses of the diagonal branch of the left 
coronary artery and the posterolateral branch of 
the right coronary artery than patients with coro‑
nary artery stenosis less than 70%, higher levels of 
miRNA‑27a expression (5,2±1,44 RU and 
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9,33±3,10 RU, respectively; p<0,04; 1,58±0,51 
RU and 7,76±1,90 RU, respectively; p<0,05) were 
detected.

When conducting a correlation analysis in ACS 
group, a positive correlation was found between 
miRNA‑27a expression level and total number of 
implanted stents (r=0,327, p=0,04). Moreover, when 
performing multivariate regression analysis, the fac‑
tor potentially affecting the serum miRNA‑27a 
expression level was the number of implanted stents 
(p=0,001, VIF=1,03, r=0,42).

Discussion
In recent decades, complex approach to the 

CVD diagnosis and treatment is most relevant; 
CAD as a multifactorial disease is no exception. 
According to modern concepts, the most impor‑
tant factors in the CAD development and progres‑
sion are not only well‑known cellular and bio‑
chemical markers, but also genetic and epigenetic 
factors. A special role among epigenetic factors is 
played by miRNA that regulate post‑transcrip‑
tional gene expression. To date, more than 1800 

Table 1
General characteristics and serum miRNA-27a  

expression level in participants

Parameter Group 1A
Patients with 
non-ST segment 
elevation ACS 
(one- or two-
vessel lesion)
n=19 (48%)

Group 1B
Patients with 
non-ST segment 
elevation ACS 
(multivessel 
lesion)
n=21 (52%)

Comparison 
Group 1
Patients without 
CAD
n=20

Comparison 
Group 2A
Patients with 
stable CAD 
(one- or two-
vessel lesion)
n=29 (36%)

Comparison 
Group 2B
Patients with 
stable CAD 
(multivessel 
lesion)
n=51 (64%)

p 

miRNA-27a, RU 5,87±2,64 8,00±2,19 3,05±0,89 4,82±1,82 11,41±4,45 p
1-1A;1-1B;1-2А;1-

2B<0,05
p

1A-1B<0,01
p

2A-2B<0,01

Age, years 63,05±2,66 64,86±1,80 59,13±3,47 61,50±2,30 62,50±2,40 NS

Waist 
circumference in 
men, cm

105,53±3,57 104,58±4,44 95,32±4,37 99,80±3,90 100,80±4,20 p
1-1A;1-1B;1-2A;1-2B 

<0,01

Waist 
circumference in 
women, cm

89,60±5,77 88,30±4,81 81,86±5,84 88,50±4,20 89,20±4,40 NS

Body mass 
index, kg/m

2
28,02±1,17 28,70±1,27 25,44±1,08 28,40±1,90 28,30±1,80 NS

Total cholesterol, 
mmol/l

4,37±0,15 4,23±0,13 5,18±0,19 4,70±0,20 4,30±0,20 p
1-1A;1-1B;1-2A;1-2B 

<0,001

Low density 
lipoprotein 
cholesterol, 
mmol/l

1,51±0,15 1,18±0,12 3,08±0,14 2,40±0,30 2,10±0,20 p
1-1A;1-1B;1-2A;1-2B 

<0,001

High density 
lipoprotein 
cholesterol, 
mmol/l

1,27±0,09 1,28±0,06 1,26±0,14 1,10±0,10 1,10±0,10 NS

Triglycerides, 
mmol/l

1,78±0,16 1,65±0,13 1,20±0,16 1,80±0,20 1,90±0,10 p
1-1A;1-1B;1-2A;1-2B 

<0,05

Blood glucose, 
mmol/l

5,89±0,18 6,47±0,32 5,41±0,34 5,80±0,20 5,90±0,20 p
1-1A;1-1B;1-2A;1-2B 

<0,001

Abbreviation: NS — not significant.
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human miRNAs are known and this list is con‑
stantly rising.

To date, a number of miRNAs are considered as 
new diagnostic and prognostic markers in patients 
with various CVDs. The use of such markers may 
become relevant and appropriate in clinical prac‑
tice, taking into account the its relative simplicity 
and accessibility [12].

Despite a large number of studies about the 
miRNA‑27a role in coronary artery atherosclero‑
sis and stable CAD, there are few studies that 
evaluated miRNA‑27a level in ACS. In the study 
by Shvangiradze TA, et al. (2016) [9], where only 
patients with a stable CAD and T2D were 
included, it was found that the miRNA‑27a 
expression level was higher in the T2D and CAD 
group than in T2D patients without CAD. In our 
study, it was found that serum miRNA‑27a expres‑
sion level was higher in patients with a stable 
CAD and ACS than in those without atheroscle‑
rotic coronary lesions, which is consistent with 
the results of the study by Alvarez M, et al. [12] 
and other recent studies by Aranda JF, et al. [13] 
and Chen W‑J, et al. [14].

Moreover, in our study, it was found that in 
multivessel CAD, the miRNA‑27a expression level 
is higher than in one‑ and two‑vessel lesions. In a 
study by Devaux Y, et al. [10] miRNA‑27a prog‑
nostic significance in patients after ACS was evalu‑
ated. It was shown that an increased miRNA‑27a 
expression level was associated with adverse clini‑
cal outcomes after myocardial infarction. That, 
according to the authors, may be due to a more 
severe coronary lesion in this category of patients. 
However, there are no publications on miRNA‑27a 

expression level in multivessel and one‑ and two‑
vessel lesions.

In our study, no evidence was obtained indicat‑
ing that miRNA‑27a may be a marker of ACS. This is 
consistent with a study by Kukreja R, et al. [11].

During the correlation analysis, we revealed a 
positive correlation between the miRNA‑27a level 
and total number of implanted stents. Moreover, 
multivariate regression analysis showed that the total 
number of implanted stents may be a factor poten‑
tially affecting miRNA‑27a serum level. This suggests 
that miRNA‑27a can take part in the neovasculariza‑
tion and endothelial dysfunction, including those 
associated with stenting. This is an important mecha‑
nism that is also being discussed when studying the 
miRNA‑27a role in CAD patients after PCI. So, 
Veliceasa D, et al. [15], studied the miRNA‑27b role, 
related to miRNA‑27a, in an experimental ischemia 
model in mice and demonstrated that in critical isch‑
emia miRNA‑27b increase vascularization, decrease 
fibrosis, activate tissue revascularization and perfu‑
sion. The authors of this study suggest that these 
effects are possibly due to a decrease in the expression 
of delta‑like protein 4, interleukin‑10 and receptors 
activated by peroxisome proliferators.

Conclusion
Based on the data obtained, it can be assumed that 

higher miRNA‑27a expression level is associated with 
extended, clinically significant coronary atheroscle‑
rosis in patients with non‑ST segment elevation ACS 
and in patients with stable CAD, but is not an ACS 
marker.

Conflicts of Interest: nothing to declare.
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