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ABSTRACT

Background: microRNAs (miRNAs) that play important roles in organisms are associated
with usual function of cells, development of living, biological processes as well as many
diseases involving cardiovascular disease. miRNAs are effective in endothelium disfunction,
atherosclerosis, inflammation, apoptosis and angiogenesis related with coronary artery disease
(CAD). miRNAs that are explained differently in cells, exist extracellularly, in circulation and
body fluids. Many biomarkers related with CAD can get through circulation and pericard
fluid (PF), the closest place to heart. That is why in etiopathogenesis evaluation of CAD
miRNAs can be used diagnostically in PF and circulation. Since PF has a potential of
reflecting heart potential, PF concentration of some substances provides to be understood

many pathophysiological mechanisms.
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Purpose: The main purpose of this study is; to determine the amount of miRNA’s in the PF
and blood plasma of patients with coronary artery disease (CAD) and to contribute to the
understanding of the pathophysiology of CAD.

Methods: 40 patients having coronary artery bypass surgery were involved to our study and
expression levels of miRNAs (miR-125b-5p, miR-320b, miR-34a-5p, miR-16-5p, miR-320a
and miR-15a-5p) that their association with cardiovascular diseases was obtained, were
studied in PF and blood plasma with gRT-PCR (Quantitative Real Time PCR) method.
Results: In gene expression of miRNAs as gradual change in plasma than PF was found for
miR16-5p 7.3539 and for miR320b 4.0715, as a result of this miR16-5p p=0.00001 value and
miR320b p=0.00814 value were found statistically significant (p<0.05).

Conclusion: The reason of gene expression level of miR 16-5p and miR 320b were found
higher in plasma which is expected to be found high in PF may be extramyocardial sources.
Obtaining of miR 16-5p and miR 320b in PF that have negative effect in terms of
cardiovascular diseases strengthens the potential usage of these microRNAs as biomarker in
cardiovascular disease. Although in previous studies it was defined as miRNA special to PF,
obtaining of miR320b also in plasma shows that it is not only special to PF.

Keywords: Coronary artery disease, CAD, Pericardial fluid, PF, microRNA, miRNA.

INTRODUCTION

Despite of developments in treatment of cardiovascular diseases (CVD), these diseases are
still at the first rank as cause of death (1). With studies done up to today it is estimated that
mortality depending on CVD will rise to 36.3% from 28.9% until 2020 (2). World Health
Organization predicts that in next couple of twenty years deaths depending on CAD will
increase 120% in women and 137% in men. In the USA since CAD forms % of treatment
costs of all patients with 71.2 billion dollars, in order to treat and prevent disease it is
necessary to understand molecular pathogenesis, find new biomarkers as well as define and
use substances preventing disease (3). In defining of new biomarkers in CVD besides blood
pericardial fluid (PF) can also be used. Pericardial fluid (PF) in two-walled pericardial sac
surrounding the heart completely, shows dynamic changes. As pericard has immunologic,
vasomotor and fibrinolytic activities, it affects myocyte structure, function and gene

expression by synthesizing substances such as eicosanoids and prostaglandins (4).

19



PONTE

Vol. 74 | No. 8/1 | AUg 2018 Florence, Italy
DOI: 10.21506/j.ponte.2018.8.2 International Journal of Sciences and Research

LITERATURE REVIEW

Since pericard is the closest region to heart tissue PF analysis provides to understand many
pathophysiological mechanisms in various pericardial and cardiovascular diseases. For
example in a study done previously, finding atrial natriuretic factor and brain natriuretic factor
in cardiac insufficiency approximately 12 times more in PF makes think that these factors
play pathophysiological role as an autocrine or paracrine factor in cardiac insufficiency (5, 6).
In unstable angina high levels of adhesion molecules such as ICAM-1, VCAM-I, e-selectine
and proinflammatory cytokines such as interleukin 6 and 8 in PF supports the relation
between coronary artery diseases and inflammation. miRNAs as a key molecule that play
important roles in organisms are associated with usual function of cells, development of
living, biological processes as well as many diseases involving cardiovascular disease (7).
miRNAs that are defined among tissues in different ways exist in cell, out of cell, circulatory
and in body fluids and each tissue and fluid can have specific miRNAs (8). They are carried
by microvesicles, Argonaut 2, HDL lipoprotein and nucleophosmin and protect themselves
against ribonuclease activity so by being carried to far regions, they affect gene expression in
that region. Accordingly carried miRNAs play intercellular role (9). These miRNAs make
progress being a biomarker in molecular diagnosis and treatment (7). In developments
specific to tissue, they take role and make regulation in target genes. In cardiovascular
diseases as they are at different level, they can give more precise datas compared to important
cardiac biomarkers such as cTnl (9). In a study done by Feng Wang et. al. in CAD as
diagnosis truth value for miRNA 133a was found as 0,918, it was found for cTnl as 0,741(9).
However these miRNA are not only defined in heart but also skeleton muscle, this situation
affects specificity of miRNAs negatively. In cardiovascular system as critical role of miRNAs
is determined by inactivation of Dicer enzyme that processes miRNA, this situation causes
angiogenesis, vascularization and defects in cardiac development (10). Approximately more
than 60% of mammal transcript is under the control of miRNAs (11, 12). For diagnosis of
diseases with miRNAs, biological fluids and tissues such as serum, cerebrospinal fluid, tear,
milk, bile juice, peritoneum fluid, ovarian follicle fluid, urine, whole blood, nasal secretion,
saliva, pleural effusion and feces, are used (11, 13-15). In a study done by Suvi M.
Kuosmanen et. al. 742 miRNA were scanned in PF and in each sample approximately 256
miRNA was obtained (7). In the study for PF six specific mIRNA (miR 125-5p, miR 320b,
miR 34a-5p, miR 497-5p, miR 99b-5p, let 7d-3p) were obtained. In the same study it was
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found as miR 21-5p, miR 451a, miR 125b-5p, miR 7b-5p and miR 16-5p were identified most
in all patients, miR-26b-5p, miR 29b, miR 125, miR 320, miR 34, miR 497 were found
common in all fluids. Although these results were obtained, the meaning of these obtained
miRNAs could not be obtained in terms of cardiac pathology. It was just predicted that these
obtained miRNAs play role in relation between cardiac cells (7, 16). Towards treatment of
these diseases new methods were tried to be developed by synthesizing miRNA mimics and
antagomir. In many studies it was proved that artificial mimic miRNA and miRNA antagomir
show effect just like main miRNAs and connect to target mRNA, inhibit or break up mRNA
(17, 18).

The main aim of this study is to obtain gene expression of mMiRNAs (miR-125b-5p, miR-320b,
miR-34a-5p, miR-16-5p, miR-320a and miR-15a-5p) that have previously relation with
cardiovascular diseases in PF and plasma as well as identify their relation with coronary
artery disease and with this contribute understanding of pathophysiology of disease.

Reasons of selecting miRNAs used in the study

In previous studies miR-125b-5p, miR-320b, miR-34a-5p that are found specific to PF, were
associated with heart failure (HF) and other cardiovascular conditions before (7). miR-125b,
miR-320b and miR34a-5p that were obtained to be related with acute myocard infarction
(AMI) previously, affect formation of disease, pathogenesis and mortality risk (19-22).
However in another study miR-125b, miR-320b were associated with atherosclerosis and
CAD development (19, 23, 24). miR-34a-5p that was obtained in high quantities in PF
samples, was defined as a factor contributing decrease regarding aging in cardiac function
(25, 26). In the same research in addition to this miR-320a that was obtained in high quantity
in all pericard fluid samples was defined as biomarker in cardiac failure (27, 28).

Again in another study in 96% of patients that had been taken to open heart surgery due to
cardiac failure, miR-320b that was obtained as microRNA specific to PF, became the second
most found microRNA with 3.5 Average Cp value (7). In the same study in 100% of patients
miR-34a-5p was obtained as microRNA specific to PF and became the third most found
microRNA with 2.3 Average Cp value, in addition miR-34a-5p took the 11th rank among 50
most found microRNAs. In another study about miR-34a-5p according to miR-34a-5p
mirtarbase data base it was found to be associated with CAD (29). miR-125b-5p that was
obtained as microRNA specific to PF, became the first microRNA at 98% with 5.1 Average
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Cp value as well as it was among the most found five microRNA and was obtained to be
associated with cardiovascular diseases (7).

In a study done by Suvi M. Kuosmanen et. al. miR-16-5p was obtained in all PF samples. It
was among the most found five microRNA, became the fifth with 3.5 Average Cp among 50
miRNA and was found to be associated with cardiovascular diseases. In the same study miR-
320a was obtained in PF of all patients. This miRNA became the second with 3.8 Average Cp
value among 50 miRNA and was defined as biomarker of cardiac failure (7). In a study done
about miR-15a-5p, it was obtained in pericardial fluid of all patients taken to open heart
surgery due to cardiac failure and this miRNA became the seventh with 3.3 Average Cp
value among 50 miRNA (7).

METHODOLOGY

40 patients that had coronary artery bypass surgery with cardiopulmonary bypass (CPB)
method in surgery room of Harran University Medical Faculty Hospital Cardiovascular
Surgery Department, were involved to the study. Before study an approval from Harran
University Ethical Committee with date 05.01.2017 and number 17/01/23 was taken. PF and
plasma samples were obtained from patients. Unsuitable 13 hemolyze sample was taken out

from study and the rest 27 patient sample were taken to the scope of study.

Obtainment of Pericardial Fluid

During routine process done towards health problem of patient that his surgery was planned,
PF taken routinely was used. In patients taken to coronary bypass surgery by CPB method
after doing standard CPB procedures with median sternotomy, pericardium was opened and
PF was aspirated by sterile injector. Then aspirated PF (2-25 ml) was taken to sterile non-
anticoagulant tubes and the tubes were immediately put into an ice-filled container. PF in
sterile tube was purified from cells by centrifuging at 5000 rpm for 5 minutes at 4°C. After
centrifuge stage, supernatant part was centrifuged two times at 10000 rpm for 10 minutes at
4°C to seperate it from cell debrises and other microparticles. Then supernatant part was taken
to RNase-free tube (ependorf tube) and kept at -80 °C to be studied. After samples were

collected from sufficient patients, gRT-PCR study was done.
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Obtainment of Blood Plasma

In patients taken to coronary bypass surgery by CPB method, blood was taken before
cardiopulmonary bypass and put into sterile anticoagulant (heparinized) tubes. The tube was
immediately put into an ice-filled container and sent to laboratory. Later sterile tube was
centrifuged at 5000 rpm for 5 minutes. After centrifuge stage supernatant part was taken to
RNase-free tube (ependorf tube) and kept at -80 °C to be studied. After collecting samples
from sufficient patients qRT-PCR study was done.

Studying Stages of miRNA Expression in PF and Plasma

In all samples of patients taken to study, expression level of miRNAs was obtained.
microRNA isolation in PF and plasma

For microRNA isolation in PF and plasma, the processes were done according to working
procedure of producing company. The isolation kit named Qiagen (Qiagen GmbH, Hilden,
Germany) miRNeasy Serum/Plasma Kit (Cat No./ID: 217184) was used.

cDNA obtainment from miRNA

For cDNA obtainment from miRNA by using Qiagen miScript Reverse Transcription (RT)
Kit 1l (Hilden, Germany, Cat No./ID: 218161), the study was done according to written
procedure.

Quality and quantity identification from cDNAs

In order to determine quality and quantity of cDNA samples obtained before expression
analysis experiments and put all samples to isodense reaction, Thermo Scientific Multiskan
Spectrophotometer System (Waltham, Massachusetts, USA) equipment was used. Before
expression analysis experiments, cDNA quantities obtained from samples were declined to 50
ng/pl.

gRT-PCR (quantitative Real Time PCR) study

Before gRT-PCR miRNA- cDNA preamplification (preAmp) was done in PF and plasma and
then routine PCR protocole was applied. Reaction compounds for gRT-PCR were prepared by
using Qiagen miScript SYBR Green PCR (Cat No./ID: 218073) kit. For concurrent PCR
reaction Rotor Gene 6000 Real-Time PCR Machine (Qiagen GmbH, Hilden, Germany)

equipment was used.
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Primary selection of miRNA

In the study 6 pieces of hsa miScript Primer Assays (miR-125b-5p, miR-320b, miR-34a-5p,
miR-16-5p, miR-320a and miR-15a-5p) were used. hsa miScript Primer Assays was
comercially taken from Qiagen (Qiagen GmbH, Hilden, Germany, product code: 218300)
company. The ends of used hsa miScript Primer Assays 5’ and their commercial catalogue

numbers are shown in Table 1.

Table 1. hsa miScript Primer Assays 5 cap and their commercial catalogue numbers

Primer assay 5°cap Cat. No.

miR-125b-5p 5'UCCCUGAGACCCUAACUUGUGA  MS00006629
miR-320b S'’AAAAGCUGGGUUGAGAGGGCAA  MS00031703
miR-34a-5p 5'UGGCAGUGUCUUAGCUGGUUGU  MS00003318
miR-16-5p 5'UAGCAGCACGUAAAUAUUGGCG  MS00031493
miR-320a S'’AAAAGCUGGGUUGAGAGGGCGA  MS00014707
miR-15a-5p 5'UAGCAGCACAUAAUGGUUUGUG  MS00003178

Statistical Analysis

For evaluation and statistical analysis of obtained datas the programme in Qiagen web page
(https://www.giagen.com/us/shop/genes-and-pathways/data-analysis-center-overview-page/)
was used. “’The Gene Globe Data Analysis Center’’ part in related web page is a web source
for researchers analysing gRT PCR or NGS datas. gRT PCR modules in related web page
transform threshold cycle-CT values to calcuated results for gene and miRNA expression. As
values were entered to system in related web page, analysis was done by marking
preamplification option. So more clear results were tried to be taken than other statistical

programmes.
RESULTS

Demographic properties of 27 participant patients (9 female +18 male) were summarized in
Table 2.
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Table 2. Demographic properties of participant patients

Variable

Patients (n = 27)

Gender (Female / Male)%

9/18 (% 33.3 / % 66.7)

Age (years) 61+9,78
Length (cm) 166,96 + 8,19
Weight (kg) 77,70 + 20,10
BSA (Body surface area) (m?) 1,83 +0,15

MiRNA Gene Expression Results in PF and Plasma

In normalization of mIRNA expression, diligent values were not required in Qiagen web

page, instead global values were used. In Web page PF was chosen as control group whereas

plasma was chosen as studying group. As values were entered to system in related web page,

analysis was done by marking preamplification option. All statistical results regarding
Average (AVG) Ct, AVG Delta Ct, 2*(-Avg.(Delta(Ct)), Fold Change and p values obtained
after entering miR15a-5p, miR16-5p, miR320a, miR125b-5p, miR34a-5p and miR320b gene
expression datas to the system in related web site, were shown in Table 3. Fold change and p

values are values obtained according to the comparison of plasma with PF.

Table 3. Statistical results of gene expression for 6 miRNAs in plasma and PF

2 N (-Avg.(Delta(Ct))

Avg. Ct Avg. Delta (Ct)* p
PF Plasma | PF Plasma PF Plasma | Fold p**
Change

miR15a-5p 12.89 | 19.48 -0.6279 | 0.37395 | 1.54532 0.77167 | 0.4994 0.283504
miR16-5p 134 | 16.1 -0.1201 | -2.9986 1.08683 7.99247 | 7.3539 0.000014
miR320a 11.22 | 19.6 -2.2998 | 0.49654 | 4.92374 | 0.7088 | 0.144 0.442233
miR125b-5p | 14.19 | 20.09 0.67136 | 0.99284 | 0.62792 0.50249 | 0.8002 0.129741
miR34a-5p 13.32 | 19.68 -0.2023 | 0.5821 1.15057 0.66799 | 0.5806 0.324842
miR320b 16.1 19.65 257877 | 0.55321 | 0.16738 | 0.6815 | 4.0715 0.00814

*AVG Delta (Ct)=(Ct (GOI) - Avg Ct (HKG)), GOI: Gene of Interest, HKG

: Housekeeping Genes

Average Ct values of miRNAs whose expression level was identified in PF and plasma, were

given in Figure 1.
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Figure 1. Average Ct values of miRNAs whose expression level was identified in PF and plasma

on (AVeOelta(Ct) yalyes of miIRNAs whose expression level was identified in PF and plasma,

were given in Figure 2.
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Figure 2. 2~ (A0eaC) v ajyes of mIRNAs whose expression level was identified in PF and plasma

As a result of comparison of plasma with PF obtained fold change for miRNAs in plasma
were calculated for miR16-5p as 7.3539, for miR320a as 0.144, for miR125b-5p as 0.8002,
for miR34a-5p as 0.5806 and for miR320b as4.0715 (Figure 3).
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Figure 3. As a result of comparison of plasma with PF obtained fold change for miRNAs in plasma.

As a result of calculation of replicate 2/ 2" Y yalues for each miRNA gene expression in PF
and plasma by using Stutent's t-test; In plasma compared to PF it was found for miR15a-5p
p=0.283504, for miR16-5p p=0.000014, for miR320a p=0.442233, for mMiR125b-5p
p=0.129741, for miR34a-5p p=0.324842 and for miR320b p=0.00814. As a result of this,
miR16-5p and miR320b p<0.005 value was found statistically significant. Heatmap graphic
that is formed by marking of gene expression of miRNAs obtained in PF and plasma one on

one over a two-dimensional graphic with different colours, was shown in Figure 4.
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DISCUSSION

In CAD pathological findings can show up in time and there occurs some changes in cells, out
of cells, intercellular gap or in various factors such as substances, molecules, proteins etc. in
body fluids before diseases shows up itself. Among these changes miRNAs take attention
recently and these can be used as biomarker. As its role and predictive of its level in CAD
have been recently discovered, its role in development and progress in CAD is not well
known. However the role of this factor related with metabolism in myocard tissue is open to
be discovered. Since the studies done in CAD about miRNA were not standardized
completely, different results can come out. That is why the number of studies should be
increased and a standard protocole should be prepared. Although miRNAs are in the way of
being a good biomarker, there are question marks due to some deficiencies. For example
defining some miRNAs related with CAD both from heart muscle and skeleton muscle causes
complication. In order to annihilate this problem, it is important to make studies in region
specific to tissue, on a cell basis and in tissue fluids. For example the changes in many
substances, molecules, protein, hormone etc. in PF that is a specific tissue fluid of heart, give

clear datas about the situation in heart tissue.

The studies done recently have made pericard an application area of new treatment methods.
Making treatments that provide application of miRNA derivatives (mimic or antagomir) to
pericardial gap just as giving intrapericardial basic fibroblast growth factor to stimulate
collateral vein development to patients having no chance of percutan and surgical
revascularization, can save patients from fatal situations. Accordingly invitro studies that will
be done towards this aim, will provide development of new treatment methods applicable to

clinic.

In CVD for diagnosis and course of disease without being dependent to only a kind of
material existence, this study contributes development and maintenance of diagnostic and
therapeutical processes of disease in systematic and healthy way. In this respect apart from
usage of blood traditionally, it is important to use PF also. In cardiovascular diseases handling
and conducting disease according to diagnosis and treatment processes by using two different

materials and developing current situation is important.
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In our study as a result of comparison of plasma with PF, two of six miRNAs of plasma that
are miR16-5p (p=0.000014) and miR320b (p=0.00814) were found statistically significant. In
a previous study one of six microRNAs specific to PF that is miR-320b was associated with
cardiovascular conditions such as HF and AMI (7), and was found to affect pathogenesis and
mortality of cardiovascular disease (19-22). In many studies done recently miR-320b that is
associated with development of atherosclerosis and coronary artery disease (19, 23, 24), was
obtained in PF of patients taken to open heart surgery as 96% and became the second most
found microRNA with 3.5 Average Cp- Assay Cp quantity value (7). In a study of Wang et.
al. it was obtained that miR-320 shows an anti-angiogenetic effect to endethelium cells via
exosomal transfer in type 2 diabetic rats (30). In studies done with animal models miR 320
was obtained as a factor that causes myocardial ischemia as well as stimulates cardiomyocyte

apoptosis (31).

In our study as miR 320b was obtained in all patient samples, it became the most expressed
miRNA in PF with 16.1 value in terms of average Ct. In plasma the most third expressed
miRNa in terms of average CT with 19.65 value is miR 320 b showed change 4 times more in
plasma that PF and this situation was found statistically significant. In previous studies
finding miR 320b that has negative effect in terms of cardiovascular diseases, at high levels
strengthens this situation more and intensifies its potential to be used as biomarker. As a result
of our study, it was assumed that high expression levels of miR-320 can make negative effect
on feeding of myocard by preventing development and bifurcation of coronary arteries with
its anti-angiogenetic effect. Again due to myocardial ischemia and apoptosis caused by miR
320, there might occur a negative pressure on heart. That is why, high expression of miR 320

in patients that had coronary artery bypass, supports datas in the past.

In a study done by E.L. Vegter et. al. miR-16-5p was found in positive relation with CRP that
is a negative biomarker in terms of cardiac indicator (32). In our study miR16-5p that was
obtained in all samples in PF and plasma became the third most expressed miRNA in PF in
terms of average Ct with 13.4 value whereas in plasma it became the least expressed miRNA
with 16.1 value. As a result of comparison of PF with plasma, miR16-5p showed change 7.3
times more in PF than plasma and this situation was found statistically significant. In previous
studies finding miR 16-5p that has negative effect in terms of cardiovascular diseases, at high

levels points out its potential to be used as biomarker.
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CONCLUSIONS

Finally as a result of evaluation of obtained datas and statistics in gene expression of miRNAS
miR16-5p and miR320b was defined significantly more in plasma than PF. Accordingly, a
result was found opposite to the hypothesis of “these parameters should be higher in PF that is
close to heart tissue” that was presented pre-study. The main reason of finding gene
expression of miR320b and 16-5p higher in PF than plasma may be the production of these
parameters also by extramyocardial sources and are sent to plasma. Also obtaining miRNA
320b in plasma that was defined as a miRNA only specific to PF in previous studies, showed
that this microRNA is not only specific to PF.
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