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Abstract

Atherosclerosis and related cardiovascular diseases are among the most common causes of death worldwide. Unfolded protein
response, also known as Endoplasmic reticulum stress, has a critical role in many diseases including atherosclerosis. Small
non-coding microRNAs (miRNA), which generally suppress gene expression, regulate UPR signalling and they may also
be involved in the progression of atherosclerosis. We aim to investigate the expression levels of miR-17, miR-21, miR-27a,
miR-106b, miR-222 and CHOP gene in circulation of atherosclerosis patients compared to healthy controls to establish a link
between ER stress and atherosclerosis. miRNA containing whole RNA was isolated from blood samples of 25 patients with
atherosclerosis and 26 healthy controls. Expression levels of miRNAs and CHOP were measured via Real Time PCR method.
miR-17 and miR-106b were significantly increased while miR-21, miR-27a, and miR-222 were significantly decreased in
patients compared to controls. CHOP gene was also dramatically and significantly induced in patient samples. miR-17,
miR-21, miR-27a, miR-106b, miR-222 and CHOP were significantly differentially expressed in patients with atherosclero-
sis. Each miRNA and CHOP might regulate atherosclerotic plaque progression and they can be used as a biomarker in the
diagnosis and follow-up of atherosclerosis-related cardiovascular diseases.
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Abbreviations PERK Protein kinase RNA-like endoplasmic reticu-
ATF6 Activating transcription factor 6 lum kinase
CAD Coronary artery disease UPR Unfolded protein response
CHOP CCAAT-enhancer-binding protein homologous ~ UA Unstable angina
protein
CVDs Cardiovascular diseases
ER Endoplasmic reticulum Background
EPCs Endothelial progenitor cells
HMGCR Hydroxy-3-methylglutaryl- coenzyme A Cardiovascular diseases (CVDs) are the most important
reductase gene causes of morbidity and mortality worldwide [1]. Athero-
IREI Inositol-requiring enzyme 1 sclerosis remains one of the most attractive areas of car-
IMA Internal mammary arteries diovascular research. Atherosclerotic vascular disease is a
LPL Lipoprotein lipase chronic and progressive pathological condition that is char-
LDL-C  Low-density lipoprotein cholesterol acterized by lipid accumulation and inflammation in the
LDL-R  Low-density lipoprotein receptor arterial walls, leading to the development of cardiovascular
miRNAs MicroRNAs diseases [2]. Atherosclerotic lesion initiation and progres-

sion occur with the involvement of vascular endothelium,
inflammatory cells (especially macrophages), smooth mus-
B4 Pelin Telkoparan-Akillilar cle cells, some growth factors and cytokines. These cells
pelintelkoparan @gmail.com and molecules contribute to the progression of the disease
Department of Medical Biology, Faculty of Medicine, and ultimately to the formation of thrombosis [2, 3]. Athero-
Yuksek Thtisas University, Ankara, Turkey sclerosis eventually results in life threating health problems
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including heart attack and stroke. For this reason, developing
treatment strategies by discovering novel biomarkers and
molecular targets is an urgent need to reduce atherosclerosis-
related mortality rates globally.

Endoplasmic reticulum (ER) is an organelle that func-
tions in protein synthesis and folding, calcium homeostasis
and lipid metabolism [4]. Several pathological and physi-
ological factors including hypoxia, ischemia, inflamma-
tion and oxidative stress can interfere with the homeostatic
function of ER and lead to the accumulation of unfolded
proteins within the cell, which is called ER stress [5]. ER
stress then activates the cell’s adaptive mechanism known
as unfolded protein response (UPR) [6]. Then, UPR tries to
restore cellular homeostasis by activating three ER-localized
stress sensory proteins; namely inositol-requiring enzyme
1 (IRE1), protein kinase RNA-like endoplasmic reticulum
kinase (PERK) and activating transcription factor 6 (ATF6)
[6]. Recent studies suggest that ER stress plays an important
role in atherosclerosis and atherosclerotic plaque rupture [7,
8]. ER stress response also contributes to the pathogenesis
of other cardiovascular diseases [7, 9—-11]. In addition, it
was shown that the number of apoptotic macrophages is
increased in advanced atherosclerotic lesions. In these mac-
rophages, ER Stress-C/EBP homologous protein (CHOP)
mediated apoptosis was implicated to have a role in the
instability of atherosclerotic plaques [12, 13]. CHOP is also
known as DDIT3 (DNA damage-inducible transcript 3) and
it is encoded by the gene DDIT3 [14].

MicroRNAs (miRNAs) are non-coding single-stranded
RNAs of approximately 22 nucleotides long, derived from
pre-miRNAs (precursors) of 75-80 nucleotides containing
the hairpin structure [15]. miRNAs suppress transcription
or translation by binding to their target genes’ mRNAs at
the 3 ' UTR regions [16]. Recently, miRNAs that generally
suppress gene expression emerged as key regulators of ER
homeostasis and important players in UPR-dependent sig-
nalling [17, 18]. Furthermore, miRNAs that can be detected
in circulating blood may be useful as biomarkers for the
detection of certain diseases, including atherosclerosis [19].
The importance of miRNAs in the treatment, prognosis and
diagnosis of cardiovascular diseases has been extensively
reported [15, 20]. Studies have shown that some of these ER
stress related miRNAs are important for myocardial func-
tion and their expression changes in many cardiovascular
diseases [21, 22]. Under ER stress conditions, IRE1’s RNase
domain is activated, then it cleaves miR-17-5p and down-
regulates its expression [23]. Besides, PERK/ATF4 arm of
UPR reduces the expression level of miR-106b and induces
intracellular apoptotic response via pro-apoptotic BCL-2
family members [24]. In another study, miR-27a was sug-
gested to induce apoptosis by increasing CHOP’s level [25].
Furthermore, under ER stress conditions, miR-222 is down
regulated by a CHOP dependent mechanism preventing cells
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from ER stress related apoptosis in HCC cells [26]. The
expression level of miR-222 was also investigated in ath-
erosclerotic plaques, but no significant difference was found
between patients and healthy controls [19].

In this study we investigated the expression levels of miR-
17, miR-21, miR-27a, miR-106b and miR-222 in the periph-
eral blood of atherosclerosis patients and healthy controls
together with an ER stress related gene, CHOP mRNA level
to establish a link between ER Stress and atherosclerosis.
By this way, we will be able to detect novel biomarker can-
didates as circulating miRNAs that can be used both in the
diagnosis and treatment phases of atherosclerosis.

Methods
Sample collection and storage

The Yuksek Ihtisas Hospital Ethics Committee (File num-
ber: 2018-8663) approved the current study under the prin-
ciples outlined in the Declaration of Helsinki and written
informed consent was signed by all participants. Human
peripheral blood samples were obtained from 25 patients
with stable angina who underwent coronary angiography
and had an operation decision by joint decision of Cardiol-
ogy and Cardiovascular Surgery Clinics according to angio-
graphic evaluation. The patient group was selected for their
severe stenosis in at least one of the major coronary vessels
that was evidenced by at least 70% of clogged according to
their angiography results. In order to compare the expres-
sion levels of selected miRNAs in the circulation of patients
and controls, peripheral blood samples were taken from 26
healthy individuals without active infection and history of
cardiovascular disease belonging to similar age was used
as controls. The flow chart describing patient and control
samples is displayed in Fig. 1.

Whole blood samples were taken into 10-mL EDTA K2
tubes (BD Vacutainer, Cat No: 367525). To separate plasma
from whole blood, samples were immediately centrifuged at
1900 g for 10 min, supernatant was translated to a microcen-
trifuge tube followed by a second centrifugation for another
10 min at 10.000 g at 4 °C. Isolated plasma samples were
transferred into RNase free tubes and stored at — 80 °C for
further experiments (Fig. 1).

miRNA isolation and real-time PCR

Once the number of samples required for the study was
reached, frozen plasma samples were allowed to stand at
room temperature until thawed. Approximately 200uL of
plasma sample was used for miRNA isolation. miRNA-
containing total RNA was isolated with miRNeasy Serum/
Plasma kit (Qiagen, Cat No: 217184) following the
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Study groups

Patients (n=25) with 70% cloggage
evidenced by angiography

AND

Healthy controls (n=26) without active
infection and history of CVDs

Collection of demographic data

Collection of blood samples into
EDTA containing tubes

Plasma isolation from collected
blood samples

microRNA containing total RNA
isolation

cDNA preparation and Real Time PCR

Analysis of selected microRNAs and
CHOP expression levels

Fig. 1 Patient flow diagram starting from blood samples collection to
data analysis

manufacturer’s instructions. Then, cDNA synthesis was
performed in accordance with the miScript RT kit’s pro-
tocol (Qiagen Cat No: 218161) and cDNAs were stored at
— 20 °C until using. Real-time PCR was performed with
Rotor-Gene Q5plex HRM Instrument (Qiagen) by using the
miScript SYBR Green PCR Kit (Qiagen Cat No: 218073) for
microRNAs and Syber Green (Roche) for mRNAs.

After extensive literature search, we selected several
miRNAs to be enrolled in this study. miR-21, miR-17-5p,
miR-106b, miR-27a and miR-222 were analysed in ath-
erosclerosis patients since they were already implicated
to be associated to ER Stress by different researchers
[23-26]. miScript Primer assays specific for miR-17,
miR-21, miR-27a, miR-106b and miR-222 (MS00029274,
MS00009079, MS00003241, MS00003402, MS00007609)
and SNORD44 primer assay (MS00007518) were pur-
chased from Qiagen. Human GAPDH and SNORD44 were

used as internal controls. Real Time PCR reaction condi-
tions are: 94 °C for 15 min, 45 cycles at 94 °C for 15 s,
55 °C for 30 s and 70 °C 30 s. mRNA primer sequences
were taken from the literature and the primer sequences
are as following;

GAPDH [7]: Forward 5GACCACAGTCCATGCCAT
CACT-3',

Reverse 5’TCCACCACCCTGTTGCTGTAG-3';

CHOP [27]: Forward 5-TTCTCTGGCTTGGCTGAC
TG-3,

Reverse 5'-CTGCGTATGTGGGATTGAGG-3'.

Statistical analysis

The quantification of microRNAs was performed with
the AACt (Ct: threshold cycle) method by using Qiagen
miScript miRNA PCR Arrays & Assays Data Analysis
Tool of the manufacturer’s website (https://dataanalysis.
giagen.com/mirna/arrayanalysis.php). Internal spike-in
control was used for normalization in miRNA experi-
ments. miRNA expression analysis was first performed
with patient group vs control group and then, repeated for
hypercholesterolemia subgroup vs control group, and dia-
betes subgroup vs control group. mRNA expression analy-
sis was performed with the AACt method as previously
described [28]. GAPDH was used for normalization of
mRNAs. In order to compare statistical differences among
clinical sample groups according to their demographic
characteristics, we used Vassar Statistics Tool (http://
vassarstats.net) available online. Student’s ¢-test was used
for continuous variables for group-wise comparisons. For
categorical variables, Fisher’s exact test was used. All tests
were 2-sided. A significance level of P <0.05 was consid-
ered to be statistically significant.

To analyse mRNA expression levels by calculating the
differences between groups, results were analysed with stu-
dent’s z-test. P <0.05 was considered to be significant.

Bioinformatic analysis of miRNAs

Differentially expressed miRNAs were analysed using the
mirPath V.3 online tool which is available at DTANA-Tools
(www.microrna.gr). This tool performs an enrichment analy-
sis of miRNAs and matches them to the signaling pathways
in the KEGG database (Kyoto Encyclopedia of Genes and
Genomes) (http://www.genome.jp/kegg/pathway.html) to
determine biological pathways regulated by the expression
of miRNA queries [29]. The analysis for the prediction of
binding sites between miR-222 within the 3'UTR of CHOP
(DDIT3) mRNA was performed using TargetScan database
available online at (http://www.targetscan.org/) [30].
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Results

Demographic and clinical parameters of blood
samples

51 peripheral blood samples (25 cases with atherosclerosis

and 26 healthy controls) were collected for this study. Clini-
cal and demographic characteristics including age, gender,

Table 1 Demographic and clinical characterization of blood samples

Cases (n=25) Control(n=26) p value

LDL cholesterol, Triglyceride, Hypercholesterolemia, dia-
betes mellitus, urea, AST, ALT, histories of smoking, family
history of CAD were recorded (Table 1). The mean age of
patients was 63,2+ 8,8 and the mean age of controls was
54,69 + 8,2. No significant difference was found among
groups in any of the laboratory and demographic analyses
except gender. Gender was a significantly different variable
between cases and controls p <0.05, and this is caused by
the high number of available male patient samples compared
to a very low number of female cases during the sample col-
lection phase of the study.

microRNA quantification

Age (mean+SD) 63.2+8.8 54.69+8.2 0.08 In the present study, we compared expression levels of miR-
LDL cholesterol 120.6 £49.5 116.46+26.8 0,35 21, miR—17—5p, miR-106b, miR-27a and miR-222 between
(mean £ SD) patients with overt atherosclerosis and healthy controls in
Triglyceride (mean+SD)  157.4£964 14469448 0.89 their peripheral blood samples and found that these miRNAs
Gender were differentially expressed in patients (Fig. 2). The expres-
Female 2 0 0.04 sion level of miR-17 was significantly increased by 7.78-fold
Male 2 17 in the blood of patients with atherosclerosis compared to the
Hypercholesterolemia control samples (Table 2).
Absent 18 16 0.55 When we group the patients according to the presence of
Present 7 10 Hypercholesterolemia or Diabetes, miR-17 was again sig-
Diabetes mellitus nificantly elevated more than eightfold in both hypercho-
Absent 0 13 0.40 lesteremia and diabetes subgroups (Table 2).
Present 16 13 The other miRNA whose expression is elevated in patient
Urea (mg/dL) 39881104 27952130 047 samples is miR-106b (Table 2). We detected miR-106b level
AST (IUIL) 24561246 2388+11.1 009 to be up-regulated significantly, with a fold change of 3.29
ALT (IUL) 2329x1245 2707135 081 in patients. Additionally, miR-106b expression level is sig-
Smoker nificantly different in patients’ subgroups with hypercholes-
Absent 8 10 0.77 terolemia or diabetics (Table 2).
Present 17 16 Apart from up-regulated microRNAs, we spotted miR-
Family history of CAD 21, miR-27 and miR-222 to be significantly down-regulated
Absent 1 7 0.24 in patients compared to controls, p <0.05 and fold changes
Present 14 19 were 0.276, 0.403 and 0.245 respectively (Table 3). When
Fig.2 Scatter plots of miRNAs 35 =
in patients’ blood samples vs
healthy controls. This figure
shows the Ct (threshold cycle) 30 °
va'lues of miR-17, miR-' 106b, g R : - e K-
miR-21, miR-27 and miR- 3 ° S o o )
222 that were analysec} vi.a $ 25+ & * & 53 % o g g
qRT-PCR. Error bars indicate 5 . f J. 4 o | -
standard deviation. The mean Ct
values between patients and 20— ¢ °
controls are statistically signifi-
cant for each miRNA (P <0.05)
RV VR R U R
& &S S S
NI A SO A G
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S F F & &g & g §&
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Table 2 Fold changes, OR, p values and Standard deviations of up-regulated miRNAs depending on demographic parameters

Up-regulated miRNAs hsa-miR-17-5p hsa-miR-106b-5p

Patients with atherosclerosis ~ Fold Change OR (95% CI) p value Standard  Fold Change OR (95% CI) p value Standard
vs healthy controls deviation deviation
Total (n=25) 7.778 (4.38,11.17)  0.000001 1.04 3.293 (2.15,4.44)  0.000429 1.12
Hypercholesterolemia (n=7) 8.088 (3.78, 12.40)  0.000001 0.80 2.771 (1.63,3.91) 0.000E+00 0.71
Diabetes (n=16) 8.067 (4.16,11.98)  0.000002 1.03 2.970 (1.77,4.17) ~ 0.000007 1.07

Hypercholesterolemia was defined as LDL cholesterol > 130 mg/dl or total cholesterol >200 mg/dl. p values are significant for all groups.

subgrouped patients are considered, miR-21 was signifi-
cantly down regulated in diabetes group but not the hyper-
cholesterolemia group. miR-27 level was also decreased sig-
nificantly in diabetes group but not the hypercholesterolemia
group. On the other hand, miR-222 was significantly down
regulated in both hypercholesterolemia and diabetes group
(Table 3).

CHOP mRNA quantification and prediction
of binding miR-222 to 3’ UTR of CHOP gene DDIT3

Together with ER stress related miRNAs, we also checked
the expression of ER stress effector CHOP in our samples
in order to establish a link between atherosclerosis and ER
stress. CHOP is a transcription factor that is normally found
at low levels, and its expression is triggered in response to
ER stress. We observed an enormous increase in the CHOP
expression, corresponding to 20-fold significant up-regula-
tion in patient samples compared to the controls (Fig. 3).
Once we detected a critical increase in CHOP mRNA level,
we further investigated the connection between differen-
tially expressed miRNAs and CHOP (DDIT3). TargetS-
can analysis revealed that there is a predicted binding site
between miR-222-5p and 3'-UTR of DDIT3 mRNA (Fig. 4).
Since miR-222 was downregulated in our patient group, it
is expected to see an increase in CHOP levels in response.

Identification of pathways involved
with differentially expressed miRNAs

Next, we analyzed differentially expressed miRNAs, namely
miR-17, miR-21, miR-27a, miR-106b, miR-222 by using the
mirPath V.3 tool of DIANA-Tools (www.microrna.gr) to
determine the biological pathways enriched in KEGG path-
ways in relation with one or more miRNAs. As a result, 78
pathways came up with our query, each with a different p
value and number of genes involved. For the ease of track,
we represent these pathways in Fig. 5 as a heatmap, instead
of giving it as a list (Fig. 5). Among enriched pathways, four
pathways with very significant p values, Protein processing
in endoplasmic reticulum, Cell cycle, p53 signaling pathway

and Sphingolipid signaling pathway appeared to be very rel-
evant to our study. Moreover, these pathways were asso-
ciated by at least three miRNAs and the number of genes
targeted in these pathways in relation with specific miRNAs
were very high changing between 36 and 76 (Table 4).

Discussion

In this current study, we observed that expression levels
of miR-17 and miR-106b and CHOP mRNA significantly
increased; while miR-21, miR-27a, and miR-222 signifi-
cantly diminished in circulation of patients with atheroscle-
rosis compared to control group.

We observed more than seven fold significant upregu-
lation of miR-17 expression in blood samples of patients
versus controls. Additionally, miR-17 expression was also
8 times more in both hypercholesterolemia and diabetic
patients’ subgroups (Table 2). The relation of miR-17 with
atherosclerosis was suggested in both animal and clinical
studies [31, 32]. Hypercholesterolemia augments the risk
of cardiovascular diseases by causing a significant increase
in low-density lipoprotein cholesterol (LDL-C) levels.
Circulating LDL particles are engulfed in the cells via the
LDL receptor (LDL-R) [33]. This in turn results in LDL-C
accumulation and triggers plaque progression. Furthermore,
depletion of miRNA-17 expression was shown to allevi-
ate atherosclerotic lesions in Apolipoprotein E Knockout
(Apoe™™) Mice. In another study performed in Chinese
population with overt atherosclerosis, miR-17 was found to
have a role in initiation and development of coronary athero-
sclerosis [34]. Together with previous studies, our findings
indicate that miR-17 may function as a useful biomarker
with high sensitivity and specificity to follow development
and progression of atherosclerosis.

We detected miR106-b to be elevated in patients with
atherosclerosis with a rate of more than threefold up-regu-
lation. miR-106b level was significantly higher in patients
with hypercholesterolemia or diabetics (Table 2). In a previ-
ous study, it was shown that the expression of miR-106b in
CAD patients’ plasma is not expressed differently in patients
versus healthy controls [35, 36]. Increased miR-106b gene
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Fig.4 In silico analysis of miR-222-5p binding to CHOP gene DDIT3. The predicted binding site between miR-222-5p and the 3'-UTR

sequences of DDIT3 mRNA was detected by TargetScan analysis

with the studies on the role of miR-222 endothelial dysfunc-
tion, our findings indicate that miR-222 may have potential
to be used as a biomarker in the follow-up and treatment of
atherosclerosis.

In the present study, miR-21 diminished 3.5 times in
blood samples of patients compared to healthy controls.
Furthermore, miR-21 was also found more than fivefold
down-regulated in Diabetics patients.

There is a recent report supporting our findings by
showing that depletion of miR-21 expression level in mac-
rophages triggered atherosclerosis plaque progression [42].
miR-21 level was also found significantly down regulated in
micro-dissected fibrous caps of ruptured plaques in animal
models [43]. However, there are a number of studies report-
ing controversial. For example; the expression level of miR-
21 was found 4-times up-regulated in atherosclerotic plaques
samples taken from 50 patients in comparison to healthy
controls [44]. In another investigation, plasma miR-21 level
was found to be elevated in subclinical atherosclerosis in
patients with hypertension when compared to the healthy
controls [45]. Since miRNAs observed in plasma are not
only derived from circulating blood cells but also from other
tissues [46], the research results on different populations
may be affected by various intrinsic and extrinsic factors,
which may result in variations observed in the level of mir-
21 by different scientists. Therefore, the potential of miR-21
to be used, as a biomarker for atherosclerosis should be fur-
ther investigated in more detail with increased sample sizes.

We discovered that miR-27 was significantly reduced 2.5-
fold in patients. miR-27 was also significantly down-regu-
lated approximately twofold in diabetes subgroup, but not
in Hypercholesterolemia group. There are critical findings
regarding the role of miR-27a on atherosclerosis that sup-
port our results. To begin with, in high cholesterol diet-fed
Apoe™~ mice, miR-27a was detected as a critical regulator
of cholesterol homeostasis weakening lipid accumulation on
atherosclerotic lesions [47]. Additionally, the investigation
of the fate of atherosclerotic lesions in ApoE™~ mice by
treating the mice with miR-27a/b agomir (mimic) or miR-
27a/b antagomir (silencer) led to the observation that the
number and size of plaques were decreased when miR-27a/b
mimic was added while silencing of miR-27a/b antagomir
treatment caused the advancement of atherosclerosis [48].
Furthermore, miR-27a plasma level was compared in heart

failure patients with or without atherosclerosis and there was
an inverse correlation between miRNA level and plaques
progression evidenced by lower level of miR-27a with
increasing risk of atherosclerosis progression [49]. To this
end, miR-27a can be considered as a biomarker candidate
for atherosclerosis.

To sum up, when we consider all of these results together
with ours, it is clear that there are parallel data as well as
contradictory ones. In order to discover more specific
and reliable biomarkers, new detection methods need to
be developed and the number of study groups should be
increased if possible.

We observed a statistically significant 20-fold increase at
CHOP expression level in patients (Fig. 3). We also detected
a predicted binding site of miR-222 in the 3' UTR of CHOP
mRNA (Fig. 4). There are many studies showing that ER
stress response is associated with advanced human coronary
atheroma [7, 9, 12, 50]. The role of ER stress marker CHOP
was previously examined in atherosclerotic plaques and it
was increased in atherosclerotic lesions in both humans and
ApoE™~ mice compared to healthy controls [12, 51, 52].
This indicates that CHOP, a marker of UPR activation, can
significantly contribute to the advancement atherosclerotic
plaque progression. Very interestingly, siRNA knockdown of
CHOP was previously shown to prevent thapsigargin treat-
ment mediated miR-222 downregulation in HCC cell lines
[26]. Considering the presence of miR-222 binding site in
CHOP’s UTR, it can be speculated that there may be other
interaction partners controlling the regulation of expression
of CHOP and miR-222 through mechanisms that are not yet
discovered. Our results provide an evidence supporting the
previous works related to CHOP’s function in atherosclero-
sis and may establish a link between the miRNAs and ER
stress for the further projects.

On top of the experimental data, DIANA tools KEGG
pathway analysis revealed Protein processing in endoplas-
mic reticulum, Cell cycle, p53 signaling pathway and Sphin-
golipid signaling pathways to be enriched by the miRNAs
of interest. This computation analysis offered us more clari-
fication in order to connect the three critical aspect of our
study: ER stress, miRNAs and atherosclerosis. First of all,
protein processing in ER Stress was the one with the high-
est number of genes (76 genes). Secondly, ER stress is an
important player in modulation of cell cycle [53]. Third, p53
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Fig.5 Differentially expressed
miRNAs vs KEGG Pathways
heat map. Heat map was cre-
ated by DIANA-miRPath v3.0.
miRNA target enrichment
analysis. Orange and red colour
represent lower enrichment p
-values while shades of yellow
represent higher enrichment
p-values
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Table 4 Pathway names,
p values, number of genes

involved, and miRNAs related
to the specific pathways

3511
KEGG pathway p value #genes  miRNAs
Protein processing in endoplas- 1.81E-08 76 miR-106b, miR-27a, miR-222
mic reticulum
Cell cycle 3.33E-08 69 miR-106b, miR-17, miR-21, miR-27a, miR-222
p53 signaling pathway 9.68E-08 36 miR-106b, miR-17, miR-21, miR-27a, miR-222
Sphingolipid signaling pathway ~ 5.11E-05 48 miR-106b, miR-17, miR-27a

signaling is controlled by ER Stress through different mecha-
nisms [54]. Furthermore, one of the ER stress proteins that
regulate p53 function directly is CHOP [55]. Forth, various
spingolipids were involved in ER stress and the usage of the
members of spingolipid pathways are suggested as future
targetable candidates for ER stress modulation [56]. Last
but not the least, specific spingolipids were implicated in
the development of atherosclerosis and they were discussed
as therapeutically targetable molecules in the fight against
atherogenesis [57]. In brief, KEGG pathway analysis proves
that miRNAs that are detected to be differentially expressed
in this study are at the center of ER Stress and atheroscle-
rosis connection.

Limitations

There are several limitations in this study. Firstly, the num-
ber of patients is relatively small due to the difficulty of col-
lecting consent forms from the patients suitable to the study.
Second, the samples were collected from only one centre.
Third, the distribution of males and females are not even
in both patients and control groups. Lastly, patients’ sam-
ples could not be collected at a specific time span since the
surgeries were scheduled independently from the research
group. Increasing the sample size and inclusion of more
centres could provide us more reliable data for the further
studies.

Conclusion

In the present study, we demonstrate that miR-17 and miR-
106D levels are significantly up-regulated in circulation
of atherosclerosis patients whereas and miR-21, miR-27a
and miR-222 levels are significantly down-regulated. ER
stress activator CHOP’s expression level is also increased
in the same patients’ samples compared to controls. In
conclusion, CHOP and miRNAs that were detected to be
differentially expressed in patient samples are powerful
candidates that can be used as a biomarker in the progres-
sion of atherosclerosis. miRNAs that are detected in this
study to be upregulated or downregulated can be used to
design a custom high throughput diagnostic test panel. By

the use of this panel in large cohorts with different car-
diovascular diseases, the clinicians will be able to stratify
the patients according to their molecular characteristics.
Furthermore, miRNA mimics or miRNA antagomirs can
be used to regulate the patient’s miRNA levels in order to
manage the disease conditions. Clinicians can integrate
other available molecular diagnostics test together with
miRNAs to have a more personalized therapy for each
patient.
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