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ABSTRACT

Objective: microRNAs (miRNAs) have important potential as biomarkers in the diagnosis and prognosis of ischemia/reperfusion
(I/R) injury in coronary artery bypass grafting surgery (CABG). This study investigated the relationship between preoperative (pre-
op) and postoperative (post-op) cardiac parameters and miRNA expressions in CABG.

Methods: We analyzed a total of 94 individuals (CABG, n= 46 and healthy control, n=48). Quantitative real-time polymerase chain
reaction (qRT) was performed to determine plasma miRNA expressions (miR-21, miR-181a, miR-199a, miR-199b, and miR-320a-5p)
in triplicates: before surgery, 1 hour after surgery, and 24 hours after surgery. The target genes and pathways of miRNA were de-
termined using bioinformatic analysis. The biomarker potentials of miRNAs were evaluated with receiver operating characteristic
(ROC) curve analysis.

Results: All miRNAs were significantly downregulated (p < 0.05). Troponin |, LVEF, CPK, and CK-MB were found to be statistically
significant for operation groups (p < 0.05). miRNA expressions and cardiac markers were associated with troponin | and/or CK-MB.
In ROC analyses, miR-199a was a good diagnostic marker. CREBRF and ZNF704 genes may be a target for these miRNAs.
Conclusions: Downregulation of miR-199a has a regulatory role in ischemia/reperfusion. They may contribute to
CABG pathology through these two genes involved in signaling cascades to turn on protein response and ion binding.
Keywords: coronary artery, microRNA, diagnostic marker, ischemia, reperfusion.

INTRODUCTION

Coronary artery disease (CAD) is a disease characterized by re-
duced blood flow to the heart muscle due to atherosclerosis, af-
fecting the structure and functions of the heart (1). Types include
st/unstable angina, myocardial infarction, and sudden cardiac
death (2). There are various risk factors responsible for the root of
the disease and the epigenetic basis has a very important place.
While the methods used in the diagnosis of the disease detect
recent or instantaneous changes, searching for epigenetic mark-
ers can make it possible to go to the point and time where these
processes started. Most interventions to reduce disease risk are
based on cardiac markers and imaging systems. However, there
is limited evidence to identify people at low risk or without symp-
toms. Therefore, from the onset of symptoms, even earlier meth-
ods of diagnosis, including genetic markers, may provide signif-
icant advances. Ischemia develops due to a lack of oxygen as a
result of insufficient perfusion of organs and tissues as a result of

decreased arterial or venous blood flow (3). Lack of energy and
accumulation of toxic metabolites cause cell death (4). Damage
to ischemic tissue due to reperfusion is more serious than the
damage caused by ischemia. The cellular structures most suscep-
tible to I/R are proteins, nucleic acids, and membrane lipids (5).

Although significant advances have been made in understand-
ing the mechanisms responsible for myocardial I/R injury, it is
difficult to match the findings clinically. miRNAs control a variety
of cellular activities by degradation or inhibition of translation
of the target mRNA. However, they can be tissue-specific or ex-
pressed in more than one tissue. Many studies have shown that
miRNAs have an important role in cardiac processes and deter-
mine their fate by regulating cell death and regeneration after
myocardial infarction (6). There are many known pathways, re-
sponsible genes, and epigenetic marker candidates in the miR-
NA mechanism. Evaluation of the reflections of these markers on
clinical parameters and their diagnostic or therapeutic potential
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may enable them to be presented as descriptive and therapeutic
in CABG. In this study, we evaluated the regulation of five miR-
NAs and their relationship with parameters in cardiac process-
es in the sera of healthy, pre-and post-operative individuals. We
demonstrated the contribution of these miRNAs to the patho-
physiology of the disease and their diagnostic potential. Finally,
we identified the targets and pathways of miRNAs functional in
CABG using bioinformatic analyses.

METHODS

Population Data

Ethics approval was obtained from the Medical Ethics Commit-
tee (Protocol number: 276). Consent to participate in the study
was obtained from the patient and control individuals and the
study protocol conforms to the ethical guidelines of the 2013
Declaration of Helsinki as reflected in a priori approval by the
institution’s human research committee. The study included 46
CABG patients (female = 26 and male = 20) and 48 healthy volun-
teers (female = 32 and male = 16) who applied to the University
Research and Practice Hospital, Department of Cardiovascular
Surgery. The average age of healthy individuals is 62.6+11.2, and
the mean age of individuals with CABG was 42.4+11.2. The dura-
tion of intensive care and post-op hospital stay, weight, the num-
ber of bypasses, cardiopulmonary bypass, and cross-clamp times
of the patients were recorded. The criteria for inclusion of volun-
teers in the patient group; Male and female patients aged 18-65
years, diagnosed with coronary artery disease, at risk of CAD, and
undergoing CABG. Inclusion criteria of healthy volunteers in the
control group; Healthy males and females between the ages of
18-65, who do not have diseases such as coronary artery disease,
hypertension, diabetes, and kidney failure.

Plasma Sampling

5 ml peripheral blood samples were obtained from healthy
controls and patients requiring cardiopulmonary bypass oper-
ation before the operation (pre-op), 1 hour after the operation
(post-op 1), and 24 hours after the operation (post-op 24). Blood
samples collected in tubes with 7.5% EDTA and gel tubes were
immediately centrifuged at 2000xrpm for 15 minutes for RNA
isolation and biochemical analysis (LDH, BUN, glucose, troponin
I, CPK, CK-MB). The 2 ml supernatant was taken into Eppendorf
tubes (coded for each patient) and stored at —80 °C until RNA
was obtained.

miRNA Expression Analysis
MiRNAs that are effective in vivo and in vitro cardiac processes
were investigated bioinformatically and selected according to
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their match scores. Importantly, a new miRNA target and path-
way has been proposed that was not previously demonstrated
in bioinformatics analyses. Total RNAs were obtained according
to the commercial miRNA isolation kit protocol (Qiagen, miR-
Neasy Mini Kit, 217004). Cell-miR-39 (Qiagen, MS00080247) was
used as an internal control (for the isolation stage) to quantify
the expression values of miRNAs (by adding the spike-in before).
2-AACt method was used to calculate the fold change (Fc) of
gene expression between the patient and control group (7).

Complementary DNA (cDNA) Reactions for Reverse Tran-
scriptase PCR (RT-PCR)

Reverse transcriptase reactions were performed according to
the kit protocol. The mixture prepared in a total volume of 280
I (for 69 samples + 1 positive sample) contained 112 | 5xmiS-
cript Hispec buffer, 56 pl 10xmiScript Nucleics mix, 56 pl DNase-
Rnase free water, and 56 pl transcriptase mix (Qiagen, 205311).
The reaction mixture was dispensed into the pico plate as 48 pl
and then, 3.5 pl of cDNA followed by 3.5 pl of RNA were added
to each well. Finally, thermal cycling conditions were incubated
at 37°C for 60 min and 95°C for 5 min, and total cDNA was ob-
tained. Expressions were performed for hsa-miR-21-5p (Qiagen,
MS00009079), hsa-miR-181a-5p (Qiagen, MS00008827), hsa-
miR-199a-5p (Qiagen, MS00006741), hsa-miR-199b-5p (Qiagen,
MS00006741), and hsa-miR-320a-5p (Qiagen, MS00014707) rela-
tive to the endogenous control miRTC (miRNA reverse transcrip-
tion control, Qiagen miScript Il RT Kit, 218161).

Dynamic Array

Dynamic arrays were prepared in 6 steps: 1- PRIME the dynam-
ic array, 2- Assay plate preparation, 3- Preparation of samples,
4- Loading sample into a dynamic array, 5- Array loading to
Dynamic Array in IFC, 6- Analysis of Dynamic array in Biomark
(BioMark™ 96.96 Dynamic Array). After chip priming, samples
premixed with master mix were pipetted into separate sample
inlets of the dynamic array, and then assay plates were prepared.
The reaction mixture was prepared in a total volume of 25 pl with
2.5 pl of primer (100 uM), 3.8 pl of nuclease-free water, 6.25 ul of
microfluid universal primer, 13 pl of 2xAssay Loading Reagent.
The samples were prepared for RT-PCR. The reaction mixture was
prepared as 255 pl qPCR Master Mix, 25.5 pyl 20xDNA Binding
Dye, 59.5 pl nuclease-free water in a total volume of 340 I. The
reactions were placed in the Dynamic Array IFC controller and
analyzed using a gene expression program and SybrGreen probe
technology. Thermal cycling conditions were set as follows: 2
min at 50°C, 30 min at 70°C, 10 min at 25°C for the thermal mix
step, 10 min at 95 °C for starting temperature, 15 sec at 94 °C for

Table 1. Clinical and demographic data of CABG patients and controls

Clinical characteristics R?::jr:;:)ce COP,:,Z?,,(EST);‘S) f,ﬁggn('fs“g)) P- value
Age (year) NA 42.3 £ 11.2 62.6 = 11.2 0.001*
LDH (U/L) 140-280 192.4 + 23.8 228.2 + 66.0 0.001*
BUN (mg/dL) 7-20 13.8 £ 9.9 8.6 = 8.7 0.001*
Fasting blood glucose (mg/dL) 70-100 94.7 £ 9.9 100.3 + 8.7 0.002*

* P-values <0.05 are indicated in bold. CABG; coronary artery bypass grafting, LDH; lactate dehydrogenase, BUN; blood urea nitrogen,

n; the number of individuals.
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Table 2. Expression analysis of five miRNAs in control and pre-op (Control= 48, CABG = 46)

miRNAs Groups Mean ACt SD P-value
s Control 2.4 1.4 T
miR-21- I
: pre-op 3.7 2.4
. Control 9.1 2.2
miR-181a-5p 0.001"
pre-op 11.6 3.5
EIs Control 7.6 2.5 LT
miR-199a- 4
P pre-op 11.0 3.7
. Control 8.2 1.6
miR-199b-5p 0.001"
pre-op 10.6 3.5
I Control 2.0 1.6 T
miR-320a- 4
P pre-op 3.6 3.1

“ P-values <0.05 are indicated in bold. Pre-op; before from operation, post-op; after from operation. SD; Standart Deviation

denaturation, 30 sec at 55 °C for bonding, 30 sec at 70 °C for elon-
gation, and finally between 60-95 °C for melting temperature.

Receiver Operating Characteristic (ROC) Curve Analysis

The area under the ROC curve (AUC) determines the accuracy
of the test in distinguishing between patients and non-patients.
The potent miRNA/miRNAs were determined by determining the
sensitivity, specificity, and AUC values of five miRNAs before and
after the operation.

Bioinformatic Analysis

miRNA:target gene analysis was performed to determine the
miRNA target genes and the pathways. The miRDB database (8)
and DIANA TOOLS (9) were used for specific targets and match-
ing scores of MiRNAs. Genes with a match score of 80% and
above were selected for further analysis. Target Scan database
was used to detect conserved sequences between miRNA and
mRNA (10, 11). Gene ontology (GO) analyses were performed
with miR2GO (12). The Reactome database was used for path-
ways (13, 14). Finally, the proteins with which these genes inter-
act were analyzed for their specific effects (STRING v11.0) (15).

Statistical Analysis

Compliance of numerical data between patient and control with
normal distribution was tested with the Shapiro Wilk test. The
Mann-Whitney U test was used to compare the variables that
were not normally distributed in the two groups. In investigating
the regulation of five miRNAs for control, pre-op and post-op pa-

Main Points:

» MicroRNA-199a-5p is strongly associated with ischemia/
reperfusion.

+ In CABG patients, miR-21-5p levels may vary in correlation
with cardiac markers.

+ miR-199a-5p can be evaluated as a marker in determining the
severity of coronary artery disease.

« miR-320a, miR-199b-5p, and miR-181a-5p levels may have a
role in activating inflammation-related pathways involved in
the pathogenesis of coronary artery disease.

tient groups; Repeated measures analysis of variance, LSD mul-
tiple comparison tests, Friedman 2-way analysis of variance, and
all pairwise multiple comparison tests were used for normally
distributed and non-normally distributed variables. The relation-
ship between cardiac processes and miRNA regulation was de-
termined by the Spearman correlation coefficient. In the analysis,
using the SPSS package program (IBM Corp. Released 2013. IBM
SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.)
(16), it was considered significant when p < 0.05.

RESULTS

Analysis of Demographic, Clinical, and Operation Data

LDH was found to be significant in patients as an expected out-
come (p < 0.05). Serum BUN levels are significant (p < 0.05). The
plasma glucose levels were also found to be high in our patient
group (p < 0.05) (Table 1). In patients, intensive care duration
(hours); 49.9+8.8, post-op hospital duration (days); 5.5+0.8,
weight (kg); 5.5+£0.8, cardiopulmonary bypass duration (min);
54174 + 9.481, aortic cross-clamp duration (min); 37.7t£7.4,
number of bypasses; 3.3+0.9 were determined. No relationship
was found between miRNA expressions and demographic and
clinical data.

Evaluation of Parameters in Cardiac Processes

Troponin | and CK-MB were found to be statistically significant in
the analysis of cardiac parameters in the pre-op patient and con-
trol groups (Table 2). The mean values for troponin 1 and CK-MB
were higher in the patient group than in the controls (p = 0.001).

Table 3. Pre-op vs control cardiac parameters

pafz::eiz:rs Groups n Mean=5D P- value

frepent (;?:-t;zl jg 00.992;20.51 0.001%
Control 48 79.1+40.3

e P?:—:; 46 88.0x57.1 0812

core Et::_t;l :g 2178.-9111147-.76 e

* P-values <0.05 are indicated in bold. CPK; creatine phosphoki-
nase, CK-MB; creatine Kinase myocardial band, n; the number of
individuals.




Eur J Ther. 2023;29(1):1-9

Kandilli E et al. Epigenetics of coronary artery disease

Table 4. miRNA expression analysis in between the operation groups (CABG = 46)

miRNAs Groups MeanxSD P-value
Pre-op 3.7+2.4 0.001*

miR-21-5p Post-op 1 3.912.6 0.001*
Post-op 24 3.9+2.3 0.001*

Pre-op 11.6%3.5 0.001*

miR-181a-5p Post-op 1 10.4+3.6 0.001*
Post-op 24 10.743.4 0.005*

Pre-op 11.043.7 0.001*

miR-199a-5p Post-op 1 10.5+3.8 0.001*
Post-op 24 11.743.4 0.001*

Pre-op 10.6%3.5 0.001*

miR-199b-5p Post-op 1 10.3£3.3 0.001*
Post-op 24 10.8+3.2 0.001*

Pre-op 3.6+3.1 0.004*

miR-320a-5p Post-op 1 3.913.6 0.002*
Post-op 24 3.6+3.2 0.004*

* P-values <0.05 are indicated in bold. Significant according to the Mann-Whitney u test.

CPK, which is defined by the increase in its activity at 4-6 hours
after MI, is evaluated together with the increase in CK-MB. It is
a maximum of 10-20 hours after chest pain. Although CPK was
higher than controls, it was not significant in the analysis.

In univariate and multivariate analysis of pre-op and post-op
cardiac parameters, it was observed that troponin | was signifi-
cantly higher in post-op 1 (14.5+69.03) (p = 0.001) than pre-op
(0.9£2.8) and post-op 24 (4.6+7.7). Troponin was detected sig-
nificant in multiple analyses (pre-op vs post-op 24, p = 0.001;
pre-op vs post-op 1, p = 0.001) except for post-op 24 vs post-op
(p = 0.348). In the comparison of CPK values, an increase was ob-
served in post-op 1 (429.1£335.2) and post-op 24 (451.1£253.7)
compared to pre-op (88.0+57.1) (p = 0.001). In multiple analysis,
it was found to be statistically significant according to pre-op/
post-op 24 (p = 0.001), pre-op/post-op 1 (p = 0.001), but not
significant compared to post-op 24/post-op 1 (p = 0.835). CK-
MB values were found to be statistically significant in post-op 1
(63.4+64.5) compared to both pre-op (27.9+17.6) and post-op 24
(55.5+£52.0) (p < 0.05). CK-MB values were found to be significant
in the comparative analysis of the groups. A distinction can be
made between ejection fraction (EF) and systolic-diastolic heart
failure, how much the heart contracts with each beat. The normal
EF is between 50-70 %. In our patient group, this value is below
normal. LVEF analysis showed an increase in post-op 1 (56.39.0)
and post-op 24 (56.4+9.0) compared to pre-op (55.6+£9.5) and
were not significant. LVEF values below the normal level in pre-o
started to increase in post-op 1 and showed improvement in
post-op 24.

miRNA Expression Analysis

Expression analyzes of five miRNAs in the patient-control group
are given as averages using delta Ct values. Five miRNAs were
found to be downregulated in pre-op in CBAG patients diag-
nosed with Ml (p < 0.05) (Table 3). In analyzes of each miRNA ex-
pression in pre-op and post-op, five miRNAs were significant in
post-op 1 and post-op 24 compared to pre-op (p < 0.05) (Table 4)

CorrelationsBetweenCardiacMarkersandmiRNAExpressions
miR-21-5p

In comparative analysis, there was a correlation between pre-op
miR-21-5p expression levels and pre-op troponin values (r=0.34,
p=0.01), and a negative correlation between troponin values
measured at post-op 24 and post-op 1 (r=-0.38, p=0.00). When
evaluated before and after the operation, there is a relationship
between increased troponin | levels (95% Cl=-10.9-24.2, SD=7.1,
SE = 4.1) and upregulation of miR-21 (95% Cl=3.6-4.0, SD=0.07,
SE = 0.04) (p < 0.001). CPK (95% Cl=-183,05-828.5, SD=203.6, SE
= 117.6) and miR-21-5p levels increased to post-op 1 and post-
op 24 (p < 0.001). LVEF was low in post-op 1 and higher in post-
op 24 (95% Cl=55.1-57.1, SD=0.4, SE=0.2), while miR-21-5p (95%
Cl=3.6-4.0, SD=0.07, SE=0.04) was upregulated but not statisti-
cally significant (p = 0.06). A statistical significance was deter-
mined between the expression of CK-MB and miR-21 (p < 0.001).
CK-MB is high in post-op 1, low in post-op 24 (95% Cl=2.6-95.2,
SD=18.6, SE=10.8), and miR-21-5p is upregulated.

miR-181

In the patient group, there was a negative correlation be-
tween miR-181 values measured pre-op and cardiac troponin
values measured 1 hour and 24 hours later (r=-0.3, p=0.02; r=
-0.3, p=0.01). Troponin | level is high in post-op 1, miR-181a is
downregulated (95% Cl=-10.9-24.2, SD=7.1, SE=4.1), troponin |
is low in post-op 24, and vice versa, miR-181 is upregulated (95%
Cl=9.3-12.4, SD=0.6, SE=0.4) (p = 0.01). A statistically significant
difference was found between miR-181 (p < 0.001) and CPK lev-
els. No correlation was detected between miR-181 and EF (p =
0.596). A correlation was found between post-op 1 of miR-181a
and pre-op, post-op 1 of CK-MB (r=0.3, p=0.03; r=0.3, p=0.03) (Ta-
ble 5). CK-MB is high in post-op 1, low in post-op 24 (95% Cl=2.6-
95.2,SD=18.6, SE=10.8), and vice versa in miR-181 (p = 0.002).

miR-199a-5p
In the patient group, there was a moderate negative correlation
between miR-199a-5p values 24 hours after the operation and
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Table 5. Comparative analysis of Troponin | and CK-MB for miR-21-5p (CABG = 46)

Troponin | CK-MB
Pre-op Post-op 1 Post-op 24 Pre-op I:)ostl— Post-op 24

Pre-o r 0.2 -0.05 0.1 0.1 0.0 -0.05
P P-value 0.20 0.72 0.68 0.71 0.99 0.72
. r 0.1 -0.3 0.0 0.3 0.3 0.0
miR-181a-5p Post-op 1
P-value 0.3 0.03 0.93 0.04* 0.03* 0.62
r -0.0 -0,4 -0.1 0.0 0.2 -0.1
Post-op 24
P-value 0.92 0.01* 0.70 0.94 0.23 0.69

Pre—o r 0.1 0.0 0.0 -0.04 -0.05 -0.2
iR-199b-5 P P-value 0.37 0.92 0.75 0.77 0.80 0.20
miR- -
P r 0.2 0.0 0.1 0.0 0.2 -0.1
Post-op 1
P-value 0.12 0.92 0.75 0.77 0.70 0.20
r 0.0 -0.3 -0.1 -0.03 0.1 -0.02
Post-op 24
P-value 0.77 0.03* 0.66 0.83 0.39 0.86

" P-values <0.05 are indicated in bold. r; correlation value

cardiac troponin values measured 1 hour after the operation (r=-
0.5, p=0.001). While troponin | level increased in post-op 1, miR-
199a-5p is downregulated (95% Cl=-10.9-24.2, SD=7.1, SE=4.1).
miR-199a-5p is upregulated while Trponin | decreases in post-op
24 (95% Cl=9.5-12.6, SD=0.6, Std. Er.=0.4) (p = 0.016). Statisti-
cally significant difference was found between miR-199a-5p (p
< 0.001) and CPK levels. No corelation between EF values and
miR-199b-5p expression levels (p = 0.588). There is significant re-
lationship between miR-199a-5p and CK-MB (p = 0.002). CK-MB
is high in post-op 1, low in post-op 24, and miR-199a-5p is down-
regulated in post-op 1 and upregulated in post-op 24.

miR-199b-5p

While miR-199b-5p was associated with post-op 24 troponin lev-
els and there is a negative correlation between groups (r=-0.3,
p=0.034). miR-199b is downregulated while troponin | rises in post-
op 1(95% Cl=-10.9-24.2, SD=7.1, SE=4.1). miR-199a-5p is upregulat-

ed while troponin | decrease in post-op 24 (95% Cl=9.9-11.2, SD=0.3,
SE=0.1) (p = 0.003). Statistically significant difference was found be-
tween miR-199b-5p (p < 0.001) and CPK. No statistical significance
was found between miR-199b-5p and LVEF (p = 0.593). CK-MB is
high in post-op 1, low in post-op 24, and miR-199b-5p is down-
regulated in post-op 1 and upregulated in post-op 24 (p < 0.001).

miR-320a

There was a positive correlation between pre-op and pre-op
troponin values for miR-320a-5p in the patient group (r=0.3,
p=0.031). Troponin | and miR-320a levels increase in post-op 1
(95% C1=-10.9-24.2, SD=7.1, SE=4.1) and decrease in post-op 24
(95% Cl=3.2-4.1, SD=0.2, SE=0.1) (p = 0.001). Statistically signif-
icant difference was found between miR-320a and CPK levels
(p < 0.001). LVEF and miR-320 expressions are not related (p =
0.344).There is no significant relationship between miR-320a-5p
expression and CK-MB values (Table 5).
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Table 6. miRNA target genes according to database analysis

hsa-miR-21-5p

YODI, PRDM11, FASLG, ZNF367, VCL, SKP2, TGFBI, PLAGI1, IL124, CREBRF*, RAB6D, KRITI1, PELII,
RBPJ, RALGPS2, ADGRG2, GATAD2B, PBRM1, SCML2, RSAD2, PPPIR3B, PLEKHAI, FGF18, SPRYI, FA4-
M134, GPATCH2L, STAT3, BCL74, SKI, YAP1, MALTI, ZBTB41, KLF3, MBNL3, CCL1, NKIRASI, TIAMI,
OSRI, PAN3, KDM7A4, CASKINI, PDCD4, GID4, HSD17B4, MAP3K1, PDZD2, UBE2D3, AKAP12, CPEB3,
RECK, CCL20, PPPIR3A, NTF3, TIMP3, ANGPTLS, BCL11B, JAGI, FAM3C, MEI4, EPM24, SLC30410, BTG2,
SYT15, MPRIP, NFIA, KLHL15, CFAP300, GLCCII, SPRY2, LRRC57, STAG2, KDM1B, GRAMD2B, RMND5A,
C7, ALX4, RASAI, SOXS5, RNF103, GLIS2, NEGRI, ARHGAP24, NIPALI, LTV1, ANKS1B, TMEM1704, HIPK3,
ELF2, EPHA4, PPPIR3D, ZNF704%* RAD51API, CLDNS, EHDI, ATXN10, MCMDC2, ITCH, MATN2, NPPB,
RASA2, CLIC2, SMARCDI, OLFM3, USP15, MAST4, KCNJ10, NIPAL2, PCSK6, TPRGIL, WWPI, ARLI, LPA,
GABRB2, CSRNP3, STK40, NFIB, UBR3, CHIC1, CUXI, RASGRPI, LATS1, FDXI, MINDY2, BCL11A, SPEF2,
PITX2, SMAD7, PLAA, UBE2D1, THRB, BAHD1, MED21, FRMD3, RP2, TENT5A, KHDC1, CDH7, DLGAPI,
RBMS3, KHDCIL, ZDHHC17, BEST3, STK38L, MSH2, KLF6, PTPN20, CNOT6, SOS2, DUSPS, KBTBD6
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hsa-miR-199a-5p

DDRI1, SLC25423, NAA40, ZNF763, MYRE, CLCN3, SLC24A43, CELSRI, LIN7C, HAPLN1, FZD4, MAP3K11,
RAD23B, GCNT2, SULF1, AKAPI, KL, ARHGAPI12, ZNF189, CDCA7L, FAM222B, GPR63, ZNF773, RASSF?2,
MICAL3, ZNF426, BCAM, ZNF439, MARCHS, ZBTB20, GNGS5, ZNF544, ITGA3, ZNF440, MAB21L1, TSPANG,
ARHGAP21, GPRCS5A4, ZNF704* ZFYVE27, RBM47, ECEl, TUBGI, ZNF516, PAXBPI1, SIRTI, ZFAND4,
NSGI, CLIP1, ACVR2B, WAPL, VPS26A4, M6PR, PDPN, HMCNI, NFIL3, NPAS2, FER, ANK3, SHOC2, CCNLI,
KPNA4, TPR, ASRGLI1, SOS2, AUTS2, CCDCS88C, FZD6, ZNF563, PLXNA2, PPARGCIA, TXNLI, POU3F2,
FLRT3, SORCS3, INOSOD, BTRC, CSDC2, TMEM?245, RASSF 3, NINL, LXN, AGAP1, ZNF418, GPR89A4, HSPAS,
TAB3, ZNF589, PIK3CD, ZNF479, PLEKHF2, ABHD17C, ZNF776, ATG14, P3H2, UBAPI, CYP5141, GSK3B,
ATP1342, SACS, ZNF584, BICCI, TGFB2, SMARCDI1, CECR2, ATXN7, SUNI, FAM1942, HSPA124, AP1GI,
CCDCI120, RALGAPAI, ANKRD23, KLHL29, MINDY3, IPOS, ZNF468, CREBRF*, SLF2, FAM126B, WDR76,
NLK, ZNF329, RFX3, ITGAS, USP31, RGMA, NTNGI, TAF9B, SERPINE1, MARCH7, NCSTN, CELF2, EIF5B,
PLXNDI, ADD3, ZFP90, ZNF559, PAN3, KDM3B, DENND6A, PPFIBP1, CLEC2D, RNF38, HIF1A4, GPR89YB,
CCNJ, TMEM220, PAX3, ABCAI, BEND3, MGAT3, CRYBG3, KIAA1109, RNF11, ETSI, GIT1, ZNF579, ARF6,
ZNF559-ZNF177, FBXO4, IL36B, ARRB2, CCDC43, ZNF195, MGAT4B, CEP350, RBPMS, NUDT5, RAB7A,
PDE4D, PODXL, TST, PI4KA, USPLI, CACULI, COL5A3, AFTPH, RBM24, YIPF6, TMEMI135, CACNB2,
GAS2L2, NPY2R, MPP5, RCSD1, ZNF547, TVP23C-CDRT4, WDTC

hsa-miR-199b-5p

DDRI, SLC25423, NAA40, MYRF, CLCN3, SLC24A43, CELSRI, ZNF763, LIN7C, HAPLNI, FZD4, MAP3K11,
RAD23B, GCNT2, SULF1, AKAPI, ZNF773, ARHGAP12, ZNF189, CDCA7L, GPR63, RASSF2, KL, MICAL3,
ZNF426, BCAM, ZNF439, MARCHS, ZBTB20, GNGS5, ZNF544, ITGA3, FAM222B, ZNF440, MAB2IL1, TS-
PAN6, ARHGAP21, GPRC5A, ZNF704%* ZFYVE27, RBM47, ECE1, TUBGI1, ZNF516, PAXBP1, SIRT1, ZFAND4,
NSGI, CLIP1, ACVR2B, WAPL, VPS26A, M6PR, PDPN, HMCNI, NFIL3, NPAS2, FER, ANK3, SHOC2, CCNLI,
KPNA4, UBAPI, TPR, ASRGLI, SOS2, AUTS2, CCDCS88C, FZD6, ZNF563, PLXNA2, PPARGCIA, TXNLI,
POU3F2, FLRT3, SORCS3, INOS80OD, BTRC, CSDC2, TMEM?245, RASSF3, NINL, LXN, AGAPI, ZNF41S8, GP-
R89A4, HSPAS, TAB3, ZNF589, PIK3CD, ZNF479, PLEKHF2, ABHD17C, ZNF776, ATG14, P3H2, CYP51Al,
GSK3B, ATP1342, SACS, ZNF584, BICCI, TGFB2, SMARCDI, CECR2, ATXN7, SUN1, FAMI19A42, HSPAI2A4,
APIGI, CCDCI120, RALGAPAI, ANKRD23, KLHL29, MINDY3, IPOS, ZNF46S, CREBRF*, SLF2, FAM126B,
WDR76, NLK, ZNF329, RFX3, ITGAS, USP31, RGMA, NTNG1, TAF9B, SERPINE1, MARCH7, NCSTN, CELF2,
EIF5B, PLXNDI, ADD3, ZFP90, ZNF559, PAN3, KDM3B, DENNDG6A, PPFIBP1, CLEC2D, RNF38, HIFIA4,
GPR89B, CCNJ, TMEM220, PAX3, ABCAI, BEND3, MGAT3, CRYBG3, KIAA1109, RNF11, ETSI, GITI,
ZNF579, ARF6, ZNF559-ZNF177, FBXO4, IL36B, ARRB2, CCDC43, ZNF195, MGAT4B, CEP350, RBPMS,
NUDTS, RAB7A4, PDE4D, TST, PI4KA, USPLI1, CACULI, COL5A3, AFTPH, RBM24, YIPF6, TMEM135, CA-
CNB2, GAS2L2, NPY2R, MPP5, RCSD1, TVP23C-CDRT4

hsa-miR-320

ZC3HI2B, RIMKLB, CLCN3, DUSP1S, SOX4, KCNBI, TMEM178B, GFRAl, TNRC6B, LMLN, MAP3K9,
HOXA10, RAB29, CHRM2, CCR5, ANKRD13C, PTGER4, SSTR3, RASSF5, ZSWIM6, TTC7B, MON2, MANEAL,
UBR3, ANKRD37, SMARCDI1, CNDP2, POU2F1, FBXWI1l, ZNF704%* ZSLC16A44, CD300E, NR6AI, SDKI,
XG, TIA1, MMP2, RAD54L2, NAVI, RORA, NIPBL, KIAA1211L, NFASC, PARM1, ERICHS5, CENPA, CACNAIE,
UGGT2, LOC403312, ERBB4, FXYD3, XKR7, TNS1, MPDZ, TNFRSF19, TBK1, TRAF3, SV2B, ARMC2, NMT1I,
VAPB, AGAPI, GAREMI1, PRICKLE2, LARP1, TMEM267, ABCC4, SRP19, FGF13, SLC947, RPL36A-HNR-
NPH2, PAX2, AFTPH, XYLTI1, SH3TC2, SNEDI1, RFX7, RAPGEF4, STAT5B, HTR54, ATL3, NMD3, EEFIA],
TAOKI, COG3, ZNF366, HAOI, FABP7, SORCSI, CLMP, ZNF287, PPBP, NEUROG2, PRDMI16, AAKI,
KDM3B, GRAMDIB, INSR, CREBS5, TRIMY, NFATC2, FAM84B, CENPBDI1, PKNOX2, MCM6, C6orfl36,
CREBRF* SMCRS, Clorfll5, CAS, STS8SIAS5, WARS2, ETS1, RIDA, ZSWIMI, NUDTI15, ST3GAL3, STK35,
TMPRSS15, INTS14

*The ZNF704 and CREBRF genes are common targets for the five miRNAs.

ROC Curve Analysis of Five miRNAs

miR-21-5p (AUC=0.77, CI=0.68-0.86), miR-181a-5p (AUC=0.78,
Cl=0.69-0.86) and miR-320a-5p (AUC=0.78, Cl=0.69-0.86) were
determined as weak, miR-199a-5p (AUC=0.81, CI=0.71-0.88)
and miR-199b-5p (AUC=0.80, CI=0.72-0.88) were determined as
good (control vs pre-op).

In Silico Analysis for miRNA Targets and Pathways

Target genes with a matching score between 80-100% were
selected. We analysed 469 genes for miR-21-5p, 1408 genes for
miR-181a-5p, 562 genes for miR-199a-5p, 556 genes for miR-
199b-5p and 607 genes were analysed for miR-320a-5p (Table 6).
In comparisons for miRNA target genes, CREB3 Regulatory Factor
(CREBRF) and Zinc Finger Protein 704 (ZNF704) genes targeted
by all five miRNAs were detected (Table 7). The association of tar-
get genes with miRNAs was analyzed by gene ontology (GO). Pa-
rameters used in this association with miRpath 3.0; micro T-CDS

(v5.0) was chosen as p-value threshold = 0.05, MicroT threshold
= 0.8. In the analysis of miRNA pathways, we determined that
CREBRF is responsible for the metabolism of proteins, as a CREB3
factor activating gene in the formation of unfolded protein re-
sponse, and it binds to CREB. ZNF704 shows DNA binding tran-
scription factor activity. The proteins they work with were iden-
tified using the protein interaction database (STRING V.11.00).
According to these results; CREBRF is associated with CREB3 and
ZNF704 with TRIM28 for its potential effects on CABG.

DISCUSSION

In this study, cardiac parameters and miRNA expressions (miR-
21-5p, miR- 199a-5p, miR-199b-5p, miR-181a-5p ve miR-320a-5p)
were investigated in the I/R status of patients who underwent
CABG. Surgery was compared in plasma samples with healthy
controls, as well as between preoperative, postoperative, and in-
traoperative hours.The target genes of miRNAs and the pathways
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Table 7. miRNA:target mRNA matching specificity data
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miRNAs Target mRNA Target end Site type Position (nucleotide)
CREBF 3'-UTR 7mer 1221-1227
miR-21-5p
ZNF704 3'-UTR 7mer 354-360
CREBF 3'-UTR 8mer 736-743
miR-181a-5p 8mer 4357-4364
ZNF704 3'-UTR 8mer 11162-11169
7mer 12207-12213
CREBF 3'-UTR 7mer 3259-3266*
o *
miR-199a-5p 7mer 10021-10027
ZNF704 3'-UTR 7mer 12361-12367*
7mer 12572-12578*
CREBF 3'-UTR 8mer 3259-3266*
- *
MiR-199b-5p 7mer 10021-10027
ZNF704 3'-UTR 7mer 12361-12367*
7mer 12572-12578*
CREBF 3'-UTR 8mer 2831-2838
miR-320a-5p
ZNF704 3'-UTR 7mer 9279-9286

*The same target position of miR-199a-5p and miR-199b-5p (they are miRNAs belonging to the miR-199a/b family strengthens the

target similarity) for CREBRF and ZNF704 genes.

in which these genes are functional in CABG were determined
by bioinformatic analyses. These analyses aimed to investigate
the relationship between clock-related blood values of cardiac
parameters and miRNA expressions, determine their behavior
in CABG, their contribution to I/R, and cardiac remodeling, and
reveal the potential for early diagnosis in these patients with MI.

miRNAs overexpressed in the cardiovascular system, such as
miR-16 and miR-499, have been suggested as markers in CAD
(17). Targeting the 3'-UTR of PTEN, miR-21 is functional in I/R.
While these in vitro studies showed negative regulation of miR-
21 in the I/R, in in vivo studies miR-21 is down-regulated in the
ischemic region (18). miR-21 was also downregulated in our
group. Differently, in the analyzes in which we determined the
operation status, it is upregulated in the first 1 hour and the next
24 hours after the operation. Post-operative analyzes in plasma
show that miR-21 increases with time and can be detected 24
hours after the operation, therefore, it may be related to cardiac
markers in this process both time and expression level. We sug-
gest that the expression can be used for prognosis and perioper-
ative biomarker even after the operation.

The significant increase in plasma miR-181a levels at 6 and 12
hours after the onset of Ml and the correlation with CK-MB, car-
diac troponin |, and ROC analyses indicate that this miRNA has
diagnostic value in Ml (19). In our study, miR-181a levels are
downregulated. Downregulation of miR-181a in patients diag-
nosed with Ml is likely to be associated with injury, overlapping
with preoperative elevated and abnormal clinical presentation.
Therefore, the stability and continuity of miR-181a in plasma
and its association with troponin, CK-MB, CPK, and EF are very
important for monitoring the process.

MiR-199a, which is among the cardiomyocyte-specific miRNAs,
stands out with the regulation of the SIRT1 gene in heart tissue.
The downregulation of this miRNA is associated with high levels
of biochemical markers associated with inflammation, angiogen-
esis, and endothelial dysfunction that play a role in the develop-
mentand progression of atherosclerosis (20,21). Here we propose
for the first time that CREBRF and ZNF704 and their downregu-
lation of cardiac parameters may be effective in CABG. Post-op
upregulation of miR-199b suggests that this miRNA may be en-
titled to cardiac remodeling. Bioinformatics analyzes also show
that this task is done through CREBRF and ZNF704. In addition,
its correlation with troponin | indicate that it can be an effective
miRNA in post-op. Based on ROC analysis results, two miRNAs are
potential candidates for determining postoperative prognosis.

miR-320 plays a role in the correction of I/R-induced cardiac in-
jury (22). The closest findings to our study are the investigation
of miR-34a, miR-15a, and miR-320a gene expressions before and
24 hours after surgery in plasma samples of patients undergoing
cardiopulmonary bypass. In this study, it was determined that the
miR-320a level increased during surgery (23). In contrast to this
study, we examined I/R in CABG patients with MI. Similarly, we
found high levels of miR-320 in post-op. The expression of miR-
320 after I/Rinjury and its upregulation after bypass graft surgery
show that it can be a marker that can be monitored in this process,
and most importantly, it can be a treatment target in I/R injury.

As a result of our bioinformatic analyzes, we have achieved two
common targets that may be effective in CABG: CREBRF and
ZNF704 for miR-199a/b, and their co-operating proteins, CREB3
and TRIM28 are involved in cardiac processes in CBAG. In addi-
tion, it is functional in diagnosis, treatment, and prognosis. These
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miRNAs are important tools for the management of I/R injury
and their diagnostic potential in MI-diagnosed CABG.

LIMITATIONS

This is a case-control study with relatively small sample size. The
molecular processes, oscillations, transports, targets of miRNAs,
and the mechanisms mediating these processes have not been
fully elucidated. Interventional studies are needed to detect cir-
culating miRNAs and make them available in routine laborato-
ries. In addition, profiling of circular and tissue-specific miRNAs
will strengthen the association studies of CABG and miRNAs.

CONCLUSION

In our study, the expression levels of miR-21-5b, miR-199a-5p,
miR-199b, miR-181a, and miR-320a were lower in patients with
coronary artery disease compared to the control group. More-
over, miR-199a-5p was higher in patients with coronary artery
disease compared to the first hour and 24th hour after the op-
eration. Accordingly, it can be said that the decrease in the lev-
els of these miRNAs may pave the way for the pathogenesis of
coronary artery disease. miR-199a can be used to predict future
adverse events, optimize patient care, and improve the patient
clinic in coronary artery bypass graft surgery patients. Clinicians
need to know the morbidity and mortality of patients, and miR-
199a-5p has the potential to address this need as an epigenetic
marker.
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