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aMedical Biochemistry Department, Faculty of Coronary artery disease (CAD) refers to the progressive

Medicine, Zagazig University, Egypt development of atherosclerosis, which is a global significant

mortality cause, initial diagnosis of CAD is a challenge.

Consequently, biomarkers are required for prediction of

of subclinical atherosclerosis and early treatment. Previously, miR-
126 and miR-423-3p were approved to be participants in (CAD)
development. Yet, their association with subclinical
atherosclerosis is unidentified. The aim of our study is to
investigate the role of plasma miRNA 126 and miRNA 423-3p
levels to predict subclinical atherosclerosis and correlate it with
exercise ECG test. The levels of miR-126 and 423-3p were
assessed in plasma from 50 healthy control (group I) and 50
subclinical atherosclerotic CAD cases (group II) by quantitative
real time -PCR (qRT-PCR). Exercise ECG was done to detect
ischemic changes in both groups. There was a significant
decrease of miRNA 126 and miR 423-3p levels in group II
compared to group I[. Likewise, a positive correlation was
detected between both miR 126 and miR 423-3p with positive
exercise ECG test. ROC curves of both miR 126 and miR-423-3p
to detect positive exercise ECG test showed sensitivity and
specificity of 92.2% and 93.9%, correspondingly. The
combination of both miR-126 and miR-423-3p is considered as
hopeful indicators of subclinical atherosclerosis in risky
individuals, thus intensifying the management of hazard factors
might decrease atherosclerotic progression.
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Introduction early in life and has an extended subclinical
period. blood

concomitant with CAD were recognized, but

Numerous indicators

Coronary artery disease (CAD) is a principal

global health problem. Atherosclerosis and
thrombosis causal CAD comprises many cell
sorts [1]. Atherosclerosis is a long-lasting and
advanced inflammatory disorder, which begins
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only a limited number possess a diagnostic
effect or imperative clinical inferences which
influence managing plan [2].
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Early anticipation of CAD is of proven
impact aimed at the total decline of CVD
fatality. Thus, indicators that can evaluate the
hazard for CAD and the initial atherosclerosis
development could be desired. Subclinical
atherosclerosis is an early sign of
atherosclerosis problem and its well-timed
detection may decelerate development to CVD
[3].

MicroRNAs (miRNAs) are non-coding RNAs
that control the gene expressions tangled in
cellular procedures [4]. Vascular
endothelium-enriched miR-126 was linked to
CAD, atherosclerosis as well as the thrombosis
occurrence. Remarkably, the miR 126 level has
been detected to be augmented in ischemic
heart and hypertensive patients [5,6].
Moreover, amplified levels of miR-126 are
liberated from the platelets or endothelium
into the plasma. As a result, they affect platelet
motivation and coagulation via triggering the
endothelial inflammatory response [5,7].
Increased level of miR-126 is detected in the
endothelial inflammatory response through
regulating expression of vascular cell adhesion
molecule-1 (VCAM-1) [8]. Low levels of miR-
126 summarize the antithrombotic rule of
VCAM-1. Moreover, miR-126 level was
described to be linked with the grade of heart
failure [9]. Irrespective of therapy, miR-126
level considerably up-regulated in
multiple disorders of inflammation [10].

Various miRNAs (and particularly miR-126)
reflect numerous characteristics of susceptible
CAD, for instance hypoxia,
besides extracellular matrix (ECM) ruin.

several

was

inflammation

Platelets or activated endothelial cells yield
microparticles (MPs) that are liberated to the
circulation of vulnerable CAD patients. These
MPs contain miRNAs transferring them to their
target cells [5-6,11].

Small dense LDL (sdLDL) is LDL particles
which are 24.2-25.5 nm. Recently, an adding
number of researches have demonstrated that
sdLDL-C has a vital role in atherosclerosis (AS)
development. However, no previous studies
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revealed its correlation with miR126 or
miR423-3p [12].

Little data is available about the link
between miR-423-3p and cardiac disease.
Earlier studies showed that miR-423-3p was a
regulator for TNF-a, signifying a potential
effect in atherosclerosis. It was also stated that
the exosomal miR-423-3p
fibroblasts has cardio protective role in of
ischaemic post-conditioning [13-14].

The aim of the current study is to
investigate the role of plasma miRNA 126 and
miRNA 423-3p levels to predict subclinical
atherosclerotic CAD cases to target their
therapy, via managing preventable risk factors
aiming to decrease [HD
development. It was hypothesized that plasma
miRNA 126 and miRNA 423-3p levels are
different in subclinical atherosclerotic CAD
from controls, hence they can be used as
biomarkers for its diagnosis. Our objectives
included miR 126 and miR 423-3p levels
assessment in case and control groups and
their correlation with sdLDL.

in the heart

its burden in

Subjects and methods
Research subjects

Between January 2023 and May 2023, this
case-control study was conducted at Zagazig
College of Medicine Medical Biochemistry
Department, Egypt. Fifty (50) subclinical
atherosclerotic CAD cases were collected for
the study at Cardiology Department. They had
one or more risk factors for IHD (e.g., smoking,
DM, hypertension, or family history for IHD).
The cases were identified during routine
checkup, showing ischemic changes on
performing exercise ECG at the Cardiology
Clinic. Fifty healthy individuals of the same age
and sex participate as a control group. They
had no risk factors for IHD and showed no
ischemic changes on exercise ECG performing.
A written consent was gained from all
applicants beforehand the study. The study
accordance with

was implemented in
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Declaration of Helsinki. The study was
approved by the IRB Committee of Zagazig
College of Medicine with approval number
(ZU-IRB # 10249/ 25-12-2022).

Each participant has performed exercise
ECG was performed to find ischemic changes
afterwards a thorough history taking that
involved age, sex, family history, and other risk
factors. We prudently examined and registered
the values of fasting blood glucose, lipid report,
and sd LDL.

Method
Acquisition of venous specimen

4 mL of venous blood specimens were
collected on EDTA for PCR
investigation of plasma miRNA 126 and miRNA
423-3p values. Another 2 mL venous samples
were obtained in plain tubes for estimation
small dense LDL (sd LDL) to be correlated with
miRNA levels. MiRNA extraction was through
using miRNeasy kits from Qiagen, Germany. All
of the steps were done according to the
instructions of the kit.

real-time

TABLE 1 Primer sequences
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cDNA production

The miRNA reverse transcription was

performed by miScript IIRT kit Qiagen, and
then the cDNA were relocated to a -20 °C
freezer.

Amplification for miRNA Expression Levels

The amplification was made in a 20 pL
mixture including 5 pL of the cDNA, 100
pmol/mL of each primer miRNA-126, miRNA
423-3p or RNU6 (internal control), 10 pL 2x
QuantiTect SYBR Green PCR Master Mix and 4
uL distilled H20. The amplification was carried
out using Real time Cycler (Stratagene
Mx3005P), as mentioned by the
procedure; the initial step at 95 2C for fifteen
min followed by 40 rounds of 95 2C for fifteen
second, 55 2C for 30 second, and finally 70 °C
for 30 sec. The variation scale of the miRNA
level detected in cases in comparison to
controls was evaluated by the 2-24¢t method.

next

Treadmill Exercise ECG Test

Treadmill exercise ECG test was executed to
both groups according to Bruce protocol, to
detect ischemic changes.

MiRNA primer

Sequence

MiRNA 126 Forward Reverse

CATTATTACTTTTGGTACGC GAACATGTCTGCGTATCTC

MiRNA 423-3p Forward Reverse

GGGCAGAGAGCGAGAC GAACATGTCTGCGTATCTC

RNU6 Forward Reverse

CGATACAGAGAAGATTAGCATGGCCCCTGCGCAAG

GATGACACGCAAATTCGTGAAGCGTTCCATATTTT

sd LDL-Choleasterol Calculation

The sd LDL-C concentration was estimated
from equation (in mg/dL) was sdLDL-C = 0.580
(non-HDL-C)+0.407 (d LDL-C)-0.719 (cLDL-C)-
12.05 [15]. Direct LDL-C was measured using
kits from DIALAB company, while calculated
LDL was estimated from the equation (c LDL-
C) (in mg/dL) = TC-(HDL-C)-(TG/5).

Results
Demographic characteristics and hazard
factors among the studied groups was

illustrated in (Table 2) and (Figure 1). Patients

with atherosclerotic CAD cases (group II)
exhibited higher significant prevalence of
smoking (34 in group II vs. 0 in group 1), DM
(32 in group II Vs 0 in group I), HTN (41 in
group Il vs. 0 in group I) and family history (35
in group Il vs. 0 in group I) compared to control
group, while age and sex showed non-
significant change. Regarding age the Mean+
SD in group [ was 48.78+ 4.68 vs. 49.78+ 5.2 in
group II. Regarding sex, group [ was 44% males
Vs 56% females ,while group Il was 46% males
vs. 54% females.
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Control group SUbd’ma.”
(group 1) G LI Testvalue  P-value
?n - 50) cases (group Il')
- (n.= 50)
No. % No. %
Mal 22 44.09 2 46.09
Sex ale 0% 3 0% o403  0.1(NS)
Female 28 56.0% 27 54.0%
Meanz SD 48.78+ 4.68 49.78+5.2 Zuwu=
A 0.2 (NS
ge (years) Range 36.0-57.0 35.0- 56.0 2.153 (NS)
. Negative 50 100.0% 16 32.0% <0.001
k. X2=51.52
Smoking Positive 0 0.0% 34 68.0% >15 (HS)
Negative 50 100.0% 32 64.0% <0.001
DM X2=21.
Positive 0 0.0% 18 36.0% 9 (HS)
Negative 50 100.0% 9 18.0% . <0.001
HTN Positive 0 0.0% 41 82.0% X'=69.49 (HS)
Negative 50 100.0% 15 30.0% <0.001
Family hi: X2= 53,
amily history Positive 0 0.0% 35 70.0% 2385 ()

SD: standard deviation, analysis done by X2

The level of lipid profile including TC, TG,
LDL, and small dense LDL was reported to be
significantly  higher patients  with
atherosclerotic CAD cases (group II) compared

in

significant decrease in group Il in comparison
to control group. HDL mean + SD was 150.87 +
9.16 in group I vs. 193.74 + 8.76 in group Il
(Table 3).

to control group while HDL exhibited

TABLE 3 Lipid profile among the studied groups

Group I( Control group) Group 11
Mean *SD Range Mean *SD Range Mnnn
Whitney
Test P-value
value
TC (mg/dl) 150.87 9.16 105 195 193.74 876 150 235.0 8.26 <0.001 (HS)
TG (mg/dl) 15, o6 1822 60.0 2400 18023 11.0 1600 250.0 835 <0.001 (HS)
LDL-¢ 5289 7.12 38.0 100.0 102.30 6.81 68.0 135.0 8.73 <0.001 (HS)
(mg/dl) . . . . . . . . . .
HDL-C 5754 2.74 450 700 4458 3.33 30.0 60.0 8.38 <0.001 (HS)
(mg/dl) . . . . . . . . . .
FBS (mg/dl) g3 44 1228 70.0 1100 113.24 639 102.0 1250  7.40 <0.001 (HS)
Small dense
LDL (mg/dl) 15.04 135 100 23.0 29.17 294 15.0 440 8.56 <0.001 (HS)
Positive Exercise ECG Test was significantly been significant decline of miRNA 126
greater in patients with atherosclerotic CAD expression level in  patients  with
cases (group II) compared to control group. atherosclerotic CAD cases (group II)
The mean miRNA 126 expression level in comparing to control group as shown in (Table
group [ was 1.0 * 0.06 whereas it was 0.24 = 4).

0.06 in group II. It was found that there has
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TABLE 4 MiRNA 126 and miRNA 423-3p expression levels among the studied groups
Subclinical
Control group atherosclerotic Mann-
(groupI) CAD cases Whitney U P-value
(n.= 50) (group 1) Test
(n.= 50)
miRNA 126 Meanz SD 1.0+ 0.06 0.24+ 0.06 =876 ~0:001
expression level (HS)
. <0.001
miRNA 423-3p level = Mean* SD 1.01+ 0.06 0.40+0.03 Zuwu= 8.67 (HS)

The mean miRNA 423-3p expression level
in group I was 1.01% 0.06 while it was 0.40%
0.03 in group II. It was found that there was
statistically significant decrease in miRNA 423-
3p expression level in patients with
atherosclerotic CAD patients (group II)
compared to control group, as presented in
Table 4. A significant positive correlation was
between mi-RNA 126 with positive exercise

ECG test. In addition, there was significant
positive relation between mi-RNA 423-3p with
positive exercise ECG test. A substantial
negative correlation was between mi-RNA 126
with cholesterol, triglyceride, LDL-c, fasting
blood sugar, and small dense LDL (Figure 1).
Meanwhile, a considerable positive correlation
was between mi-RNA 126 and HDL, as
summarized in Table 5.

TABLE 5 Correlation between mi-RNA 126 with lipid profile

MiRNA 423-3p

Mi-RNA 126
r p- value r P-value
TC(mg/dl) 0.673 <0.001 -0.717 <0.001
TG(mg/dl) -0.730 <0.001 -0.747 <0.001
LDL-C(mg/dl) 0775 <0.001 -0.758 <0.001
HDL-C(mg/dl) -0.760 <0.001
0.729 <0.001
FBS(mg/dl) -0.667 <0.001
-0.583 <0.001
Small dense LDL(mg/dl) 0772 <0.001 -0.756 <0.001
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FIGURE 1 Scatterplot showing negative correlation between mi-RNA 126 with sd-LDL
There was significant negative correlation Meanwhile, there is significant positive
between mi-RNA 423-3p with cholesterol, correlation between mi-RNA 423-3p with HDL,

triglyceride, LDL-c, fasting blood sugar, and as presented in Table5.
small dense LDL as presented (Figure 2).

S0.0

40.0

Small dense LDL(mgldl)

0o 20 40 Lsie] .80 1.00

miRNA 423-3p level

FIGURE 2 Scatterplot showing negative correlation between mi-RNA 423-3p with sdLDL

The ROC analysis approved a good potential and 93.9%, respectively, as shown in Table 6
of miRNA-126 to detect positive ECG testatcut  and Figure 3.
off 0.5 with sensitivity and specificity of 92.2%

TABLE 6 Validity of miRNA 126 to detect positive ECG test

Parameter Cutoff value AUC Sensitivity Specificity P-value
miRNA 126 0.5 0.920 92.2% 93.9% <0.001
MiRNA 423-3p 0.52 0.937 92 % 93.7% <0.001
MiRNA 126 +miRNA 0.92 93.9% 93.8% <0.001
423-3p

Archive of SID.ir



Archive of SID.ir

The value of plasma mir 126 and miR 423-3p ... Journal of Medieinal Page | 615
f p p and Pharmaceutical @m sc

Chemistry Research

MiRNA 126 expression level

100 —
80 —
~ 60 —|
i .
3 40 -
20 -
. AUC = 0.913
E P < 0.001
0 —
——— ———————————
o 20 40 60 80 100

100-Specificity

FIGURE 3 ROC curve of miRNA 126 to detect positive exercise ECG test

Also, miRNA-423-3p verified a good power 93.7%, respectively, as demonstrated in Table
to detect positive exercise ECG test at cut off 6 and Figure 4.
0.52 with sensitivity and specificity of 92% and

MiRNA 423-3p level

(v}

T T T T T
o 20 40 60 80 100
100-Specificity

FIGURE 4 ROC curve of miRNA 423-3p to detect positive exercise ECG test
Combination of both miRNA-126 and sensitivity and specificity of 93.9% and 93.8%,

miRNA-423-5p giving nearly the same power respectively, as demonstrated in Table 6 and
to detect positive exercise ECG test with Figure 5.
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FIGURE 5 ROC curve of miRNA 126and miRNA 423-3p to detect positive exercise ECG test

Discussion

Atherosclerotic cardiovascular diseases are
considered as the main cause of mortality
worldwide [16]. Atherosclerosis is a long-
lasting disease, which develops in silent and

asymptomatic manner. The clinical
manifestations of CAD occur late after
subclinical atherosclerosis initiation [17].

Thus, indicators that can assess the early
atherosclerotic course and hazard for CAD
occurrence is greatly required to reduce the
burden of CVDs. These biomarkers could help
in prediction and early pickup of ischemic
patients among risky individuals for
intensifying the management of their
modifiable risk factors and early treatment.

Undoubtedly, the CAD risk is evaluated by
algorithms dependent on patients’ hazard
factors such as the American Heart Association
or SCORE calculators [18-19]. However, those
algorithms poorly assess an individual’s risk,
particularly in young beings.

One approach for the prediction of
cardiovascular disease risk is ECG exercise test
that is already used in clinical practice and it is
a basis to diagnose cardiac ischemia in risk
groups and has the gain of being non-invasive
and Heart
guidelines praise the exercise ECG test as the
first indicative check for ischemia in moderate

safe. American Association

risky patients who are capable of exercise and
possess interpretable resting ECG graphs [20].
Our work revealed that, Positive Exercise ECG
Test was significantly elevated in patients with
atherosclerotic CAD cases compared to control
group. However, the Exercise ECG Test has
different sensitivity and specificity in various
studies and has its own restrictions as it is a
subjective study and cannot be afforded by all
patients due to orthopedic problems [21].
Therefore, there is a necessity for more
straightforward, less time-wasting, and easy to
be surveyed in outpatient clinics and operator-
independent indicators that can correlate with
ECG exercise test.

Singh T et al. suggested that atypical results
of exercise ECG possessed a strong association
with CAD mortality or myocardial infarction in
comparison to normal conclusions of exercise
ECG [22].

Another tactic to overcome these limits is
the use of microRNAs (miRs) as novel
biomarkers for precise cardiovascular hazard
anticipation and early dealing of CAD as they
are simple, non-invasive, and sensitive.
MiRNAs are well-known to be main players in
moderating the function of endothelial cells as
well as macrophages, modifying
atherosclerosis development [23-24]. They are

supreme indicators as they are fairly tissue-
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specific and persist stable in the circulation
[25-26].

MiR 126 has a vital controller role in
vascular integrity and homeostasis [27-28]. It
is definitely and greatly expressed in the
endothelial cells, (ECs), that regulates
atherosclerosis mechanisms [29]. In the
present work, it was theorized that the
circulating miRNA 126 levels can expect the
occurrence of significant CAD. It was found
that, there was statistically substantial decline
of miRNA 126 expression levels in patients
with subclinical atherosclerotic CAD cases
compared to control group. The specificity and
sensitivity of miR-126 were evaluated to
assess the feasibility of using it as the predictor
of atherosclerosis help in improvement of CAD
patient management in clinical practice. Our
findings showed also a significant negative
correlation between mi-RNA 126 with
cholesterol, triglyceride, LDL-c, fasting blood
sugar and small dense LDL. Meanwhile, there
was substantial positive association between
mi-RNA 126 with HDL.

Our findings are consistent with previous
study by Wang et al. who detected that miRNA-
126 expression was decreased in CAD patients.
They observed that the miRNA126 expression
in plasma was connected to the severity of CAD
[30]. Our results were consistent with those of
Mahendra et al., who found reduced expression
of micro-RNA-126 in patients with CAD when
compared to control group [31]. The same was
documented by study performed by Zang et al.,
about atherosclerosis in hypothyroid cases
[32]. It was concluded that miRNA-126 has a
role in assessment of the hazard for CAD and
initial atherosclerosis [33-34].

The angiogenic action of miR-126 is
intermediated by stimulating MAP kinase and
PI3K signaling as a result of released VEGF [34-
36]. Harris et al. observed that miR-126
impedes vascular cell adhesion molecule-1
synthesis, which is incorporated in leukocyte
connection to endothelium [37]. In addition,
miR126 was related to serum lipids in a study
by sun et al. [38].
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Due to the important association between
miR-126 level and LDL cholesterol, the plasma
miRNA values may tell a compensating
reaction to inflammation. MiRNA-126 keeps
the vascular integrity. It has a double role in the
atherosclerosis  development  decreasing
VCAM-1 expression; thus, restraining the
leucocyte adherence to form the plaque.
Though, it as well increases smooth muscle cell
multiplying and stimulation that may amplify
the atherosclerosis development [39].

Conflicting results also which
presented an increase of miR-126 level in
myocardial infarction [40-41]. Conversely, in
an another study, there was no significant
change in miR-126 level in CAD patients, but in
reverse correlated with LDL- cholesterol,
providing vision into the possible role of miR-
126 in metabolism of cholesterol [38].

MiR-423-3p, formerly well-thought-out to
be an oncogene in different types of cancers, as
well recognized as a lung cancer indicator [42].
In the current work, we found significant
decrease in plasma miRNA 423-3p expression
patients  with
atherosclerotic CAD cases compared to control
group.

Our findings were in accordance with the
data recorded by the major research so far
assessing the prognostic role of plasma
miRNAs in a general Chinese population, a
significant decrease in miR 423-3p in CAD
cases in comparison to controls.
proved that the miR-423-3p
considerably increase the prediction of CAD
depending on standard cardiovascular hazard
factors [43].

Interestingly,

exist,

level in subclinical

It was
would

the data collected by
Rizzacasa et al, signifying a variance in
expression of miR-423-3p, between stable and
unstable CAD cases, so directing to the role of
miR-423-3p as a potential biomarker for the
assessing of MI hazard [44]. It was proposed
that miR-423-5p has pro-apoptotic role of in
Hence, miR-423-3p down-
expression in circulation in the first day after
the MI incidence, could be reflected as a

cardiac cells.
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“cardiomyocytes  mirror”  reflecting a

“reduction of cardiac cells apoptosis as well to
enhance heart recovery during first phases of
AMI [44].

However, Nabialek et al
significant increase of miR-423 in MI patients
in comparison with controls, meanwhile no
substantial variances in miR-423 level were
noticed at the follow-ups. Consequently, they
show miR-423 as an initial biomarker of
myocardial infarction [45].

In previous studies, they found miR-423-3p
was noticeably downregulated by TNF-a,
signifying a potential role of this miRNA in EC
stimulation, the phase of
atherosclerotic process. Important data
showed that Cardiac fibroblast (CF) has
cardioprotective effect by increasing the
expression of exosomal miR-423-3p, which
decrease the expression of its target gene
RAP2(C, which in turn increase the viability and
decrease apoptosis [13-14].

Our study revealed a significant positive
correlation between mi-RNA 126 with positive
exercise ECG test .In addition, there was
significant positive relation between mi-RNA
423-3p with positive exercise ECG test.

Furthermore, the combination of miR-

observed a

serious

126 and miR-423-3p was a significant
biomarker for the evaluating of CAD,
possessing a real diagnostic power.

Collectively, they might possess a more
valuable diagnostic or prognostic importance
than any lone miR. Upcoming follow-up
research is required to confirm their clinical
significance.

Conclusion

In this study, we concluded that miR-126 and
miR-423-3p could be promising biomarkers
for risk  prediction of
atherosclerosis. Also, plasma miR-126 and miR

subclinical

423-3p showed significant correlation with TG,
TC, HDL, and LDL, suggesting they may
influence the occurrence of atherosclerosis

through these mechanisms. Further

H. Fawzy et al

researches should highlight the follow up of
these patients to show the correlation of these
miRs in diagnosis and prognosis CAD.

List of abbreviations

IRF-1:
factor 1
VCAM-1: Vascular cell adhesion molecule-1
Sd-LDL: Small dense low density lipoprotein

Interferon regulatory transcription

Acknowledgements

None.

Orcid:

Heba Fawzy*:
https://orcid.org/0000-0002-9497-1662
Doaa M. Hendawy:
https://orcid.org/0000-0002-4791-8375
Hend Sameh:
https://orcid.org/0009-0007-1347-9398
Hala Mosaad:
https://orcid.org/0000-0002-4423-2503

References

[1] (a) P. Libby, P.M. Ridker, G.K. Hansson,
Progress and challenges in translating the
biology of atherosclerosis, Nature, 2011, 473,
317-325. [Crossref], [Google  Scholar],
[Publisher] ,)b( H.R. Taher, P.H. Saifalla, Study
of the level of signal-regulated kinase 5 (ERK5)
in patients with coronary heart disease with
and without diabetes mellitus type 2, Journal of
Medicinal and Pharmaceutical Chemistry
Research, 2023, 5, 425-440. [Pdf], [Google
Scholar], [Publisher], (c) R.L.N. Alhajjara, E.M.
Taha,
determine N-terminal pro- B-type natriuretic
peptide levels in patients of heart failure
combined with diabetes, Journal of Medicinal
and Pharmaceutical Chemistry Research, 2022,
4, 1184-1192. [Pdf], [Publisher], (d) F.M.
Khaleel, E.A. Hassan, S.S. Suhayla, Evaluation of
serum zinc in women of childbearing age and
its relationship with obesity, Journal of
Medicinal Chemistry

H.F. Hariz ,A case control study to

and Pharmaceutical

Archive of SID.ir


https://orcid.org/0000-0002-9497-1662
https://orcid.org/0000-0002-4791-8375
https://orcid.org/0009-0007-1347-9398
https://orcid.org/0000-0002-4423-2503
https://doi.org/10.1038/nature10146
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Libby+P%2C+Ridker+PM%2C+Hansson+GK+.%2C+Nature%2C+2011%2C+473%3A317%E2%80%93325.+https%3A%2F%2Fdoi.org%2F10.1038%2Fnature10146.+&btnG=
https://www.nature.com/articles/nature10146
https://jmpcr.samipubco.com/article_174718_4ef7871e70a9e9d8a19f3aa2909df3d9.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+of+the+level+of+signal-regulated+kinase+5+%28ERK5%29+in+patients+with+coronary+heart+disease+with+and+without+diabetes+mellitus+type+2&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+of+the+level+of+signal-regulated+kinase+5+%28ERK5%29+in+patients+with+coronary+heart+disease+with+and+without+diabetes+mellitus+type+2&btnG=
https://jmpcr.samipubco.com/article_174718.html
https://jmpcr.samipubco.com/article_174952_7c48acfd364e48bda1b00a77cda178a1.pdf
https://jmpcr.samipubco.com/article_174952.html

Archive of SID.ir

The value of plasma mir 126 and miR 423-3p ...

Research, 2022, 4, 950-955. [Pdf], [Google
Scholar], [Publisher]

[2] J. Sanz, V. The
atherothrombosis, Journal of the American
College of Cardiology, 2011,58, 779-791.
[Crossref], [Google Scholar], [Publisher]

[3] S.S. Singh, C.S. Pilkerton, C.D. Shrader, S.J.
Frisbee, atherosclerosis,
cardiovascular health, and disease risk: is there

Fuster, year in

Subclinical

a case for the Cardiovascular Health Index in
the primary prevention population?, BMC
Public Health, 2018, 18, 1-11 [Crossref],
[Google Scholar], [Publisher]

[4] X. Nie, L. Su, Y. Zhou, et al, Zhonghua Xin
Xue Guan Bing Za Zhi, 2014, 42, 561-565.
[Publisher]

[5] O.P. Barry, D. Pratico, R.C. Savani, A.G.
FitzGerald, Modulation of  monocyte-
endothelial cell interactions by platelet
microparticles, The  Journal of  clinical
investigation, 1998, 102, 136-144 [Crossref],
[Google Scholar], [Publisher]

[6] J. Ren, J. Zhang, N. Xu, G. Han, Q. Geng, ].
Song, S. Li, ]J. Zhao, H. Chen, Signature of
circulating microRNAs as potential biomarkers
in vulnerable coronary artery disease, PloS
one, 2013, 8, 80738.
Scholar], [Publisher]
[7] S.A. Asgeirsdottir, C. van Solingen, N.F.
Kurniati, P.J. Zwiers, P. Heeringa, M. van
Meurs, S.C. Satchell, M.A. Saleem, P.W.
Mathieson, B. Banas, ]J.A. Kamps, MicroRNA-
126 contributes to renal
heterogeneity of VCAM-1 protein expression in

[Crossref], [Google

microvascular

acute inflammation, American journal of
physiology-Renal Physiology, 2012, 302, 1630-
1639 [Crossref], [Google Scholar], [Publisher]

[8] C. Sun, K. Alkhoury, Y.I. Wang, G.A. Foster,
C.E. Radecke, K. Tam, C.M. Edwards, M.T.
Facciotti, E.J. Armstrong, A.A. Knowlton, J.W.
Newman, IRF-1 and miRNA126 modulate
VCAM-1 expression in response to a high-fat
meal, Circulation research, 2012, 111, 1054-
1064. [Crossref], [Google Scholar], [Publisher]

[9] Y. Fukushima, M. Nakanishi, H. Nonogi, Y.
Goto, N. Iwai, Assessment of plasma miRNAs in

Journal of Medicinal
and Pharmaceutical
Chemistry Research

@m Page |619
congestive heart failure, Circulation
Journal, 2011, 75, 336-340 [Crossref], [Google
Scholar], [Publisher]

[10] X.B. Wu, M.Y. Wang, H.Y. Zhu, S.Q. Tang,
Y.D. You, Y.Q. Xie, Overexpression of
microRNA-21 and microRNA-126 in the
patients of bronchial asthma, International
journal of clinical and experimental
medicine, 2014, 7, 1307 [Google Scholar],
[Publisher]

[11] M.F. Corsten, R. Dennert, S. Jochems, T.
Kuznetsova, Y. Devaux, L. Hofstra, D.R. Wagner,
J.A. Staessen, S. Heymans, B. Schroen,
Circulating MicroRNA-208b and MicroRNA-
499 myocardial damage in
cardiovascular disease, Circulation:
Cardiovascular Genetics, 2010, 3, 499-506
[Crossref], [Google Scholar], [Publisher]

[12] X. Jin, S. Yang, ]. Lu, M. Wu, Small, dense
low-density  lipoprotein-cholesterol
atherosclerosis: relationship and therapeutic
strategies, Frontiers in  Cardiovascular
Medicine, 2022, 8, 804214 [Crossref], [Google
Scholar], [Publisher]

[13] H. Luo, X. Li, T. Li, L. Zhao, ]. He, L. Zha, Q.
Qi, Z. Yu, microRNA-423-3p exosomes derived
fibroblasts the
cardioprotective effects of ischaemic post-
conditioning, Cardiovascular Research, 2019,
115, 1189-1204 [Crossref], [Google Scholar],
[Publisher]

[14] T.R.Yang, T. Zhang, N.H. Mu, L.B. Ruan,
J.L. Duan, R.P.Zhang Y.B. Miao, Resina draconis
inhibits the endoplasmic-reticulum-induced

reflect

and

from cardiac mediates

apoptosis of myocardial cells via regulating
miR-423-3p/ERK signaling pathway in a tree
shrew myocardial ischemia-reperfusion
model, Journal of biosciences, 2019, 44, 1-7
[Crossref], [Google Scholar], [Publisher]

[15] P.
Teerajetgul, A. Pocathikorn, C. Sukasem, S.
Vanavanan, M.H. Kroll, Estimation of plasma

Srisawasdi, S. Chaloeysup, Y.

small dense LDL cholesterol from classic lipid
of Clinical
[Crossref],

measures, American Journal
Pathology, 2011, 136, 20-29
[Google Scholar], [Publisher]

Archive of SID.ir


https://jmpcr.samipubco.com/article_174956_443696627b2dd77b1e431fbc8ad5f47a.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+serum+zinc+in+women+of+childbearing+age+and+its+relationship+with+obesity&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+serum+zinc+in+women+of+childbearing+age+and+its+relationship+with+obesity&btnG=
https://jmpcr.samipubco.com/article_174956.html
https://doi.org/10.1016/j.jacc.2011.03.052.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sanz+J%2C+Fuster+V.%2C+J+Am+Coll+Cardiol%2C+2011%2C+58%3A779%E2%80%93791.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.jacc.2011.03.052.+&btnG=
https://www.jacc.org/doi/full/10.1016/j.jacc.2011.03.052
https://doi.org/10.1186/s12889-018-5263-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh+SS%2C+Pilkerton+CS%2C+Shrader+CD+Jr%2C+Frisbee+SJ.%2C+BMC+Public+Health%2C+2018%2C+18%281%29%3A+429.+doi%3A+10.1186%2Fs12889-018-5263-6.+PMID%3A+29609588%3B+PMCID%3A+PMC5880087&btnG=
https://link.springer.com/article/10.1186/s12889-018-5263-6
http://www.chinadoi.cn/portal/mr.action?doi=10.3760/cma.j.issn.0253-3758.2014.07.008
https://doi.org/10.1172/JCI2592.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Barry+OP%2C+Pratic%C3%B2+D%2C+Savani+RC%2C+FitzGerald+GA.%2C+J+Clin+Invest%2C1998%2C+102%281%29%3A136-144.+https%3A%2F%2Fdoi.org%2F10.1172%2FJCI2592.+&btnG=
https://www.jci.org/articles/view/2592
https://doi.org/10.1371/journal.pone.0080738.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ren+J%2C+Zhang+J%2C+Xu+N%2C+et+al.%2C+PLoS+One%2C+2013%2C+8+%2812%29%3A+80738.+https%3A%2F%2Fdoi.org%2F10.1371%2Fjournal.pone.0080738.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ren+J%2C+Zhang+J%2C+Xu+N%2C+et+al.%2C+PLoS+One%2C+2013%2C+8+%2812%29%3A+80738.+https%3A%2F%2Fdoi.org%2F10.1371%2Fjournal.pone.0080738.+&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0080738
https://doi.org/10.1152/ajprenal.00400.2011.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Asgeirsd%C3%B3ttir+SA%2C+van+Solingen+C%2C+Kurniati+NF%2C+et+al.%2C+Am+J+Physiol+Renal+Physiol%2C+2012%2C+302+%2812%29%3A+1630-F1639.+https%3A%2F%2Fdoi.org%2F10.1152%2Fajprenal.00400.2011.+&btnG=
https://journals.physiology.org/doi/full/10.1152/ajprenal.00400.2011
https://doi.org/10.1161/circresaha.112.270314
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sun+C%2C+Alkhoury+K%2C+Wang+YI%2C+et+al.%2C+Circ+Res%2C+2012%2C+111%288%29%3A1054-1064.+https%3A%2F%2Fdoi.org%2F10.1161%2Fcircresaha.112.270314.+&btnG=
https://www.ahajournals.org/doi/full/10.1161/CIRCRESAHA.112.270314
https://doi.org/10.1253/circj.CJ-10-0457
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fukushima+Y%2C+Nakanishi+M%2C+Nonogi+H%2C+Goto+Y%2C+Iwai+N.%2C+Circ+J%2C+2011%2C+75%282%29%3A336-340.+http%3A%2F%2Fdx.doi.org%2F10.1253%2Fcircj.CJ-10-0457.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fukushima+Y%2C+Nakanishi+M%2C+Nonogi+H%2C+Goto+Y%2C+Iwai+N.%2C+Circ+J%2C+2011%2C+75%282%29%3A336-340.+http%3A%2F%2Fdx.doi.org%2F10.1253%2Fcircj.CJ-10-0457.+&btnG=
https://www.jstage.jst.go.jp/article/circj/75/2/75_CJ-10-0457/_article/-char/ja/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wu+XB%2C+Wang+MY%2C+Zhu+HY%2C+Tang+SQ%2C+You+YD%2C+Xie+YQ.%2C++Int+J+Clin+Exp+Med%2C+2014%2C+7%285%29%3A+1307-1312.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4073748/
https://doi.org/10.1161/CIRCGENETICS.110.957415
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Corsten+MF%2C+Dennert+R%2C+Jochems+S%2C+et+al.%2C+Circ+Cardiovasc+Genet%2C+2010%2C+3%286%29%3A499-506.+https%3A%2F%2Fdoi.org%2F10.1161%2FCIRCGENETICS.110.957415.+&btnG=
https://www.ahajournals.org/doi/full/10.1161/CIRCGENETICS.110.957415
https://doi.org/10.3389/fcvm.2021.804214
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jin%2C+Xiao%2C+Yang%2C+et+al.%2C+Frontiers+in+Cardiovascular+Medicine%2C+2022%2C+8%3A+1-14.+https%3A%2F%2Fwww.frontiersin.org%2Farticles%2F10.3389%2Ffcvm.2021.804214.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jin%2C+Xiao%2C+Yang%2C+et+al.%2C+Frontiers+in+Cardiovascular+Medicine%2C+2022%2C+8%3A+1-14.+https%3A%2F%2Fwww.frontiersin.org%2Farticles%2F10.3389%2Ffcvm.2021.804214.+&btnG=
https://www.frontiersin.org/articles/10.3389/fcvm.2021.804214/full
https://doi.org/10.1093/cvr/cvy231
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Luo+H%2C+Li+X%2C+Li+T%2C+Zhao+L%2C+He+J%2C+Zha+L%2C+et+al.%2C+Cardiovasc+Res%2C+2019%2C+115%3A+1189%E2%80%931204.+https%3A%2F%2Fdoi.org%2F10.1093%2Fcvr%2Fcvy231.+&btnG=
https://academic.oup.com/cardiovascres/article-abstract/115/7/1189/5094035
https://doi.org/10.1007/s12038-019-9872-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yang+TR%2C+Zhang+T%2C+Mu+NH%2C+Ruan+LB%2C+Duan+JL%2C+Zhang+RP%2C+et+al.%2C+J+Biosci+%2C2019%2C+44%3A+53.+https%3A%2F%2Fdoi.org%2F10.1007%2Fs12038-019-9872-8.+&btnG=
https://link.springer.com/article/10.1007/s12038-019-9872-8
https://doi.org/10.1309/ajcplhjbgg9l3ils.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Srisawasdi+P%2C++Chaloeysup+S%2C+Teerajetgul+Y%2C+++Pocathikorn+A%2C+++Sukasem+C%2C+PhD%2C++Vanavanan+S+and++Kroll+M+.%2C+American+Journal+of+Clinical+Pathology+%2C+2011%2C+136+%281%29%3A+20-29.+&btnG=
https://academic.oup.com/ajcp/article/136/1/20/1765955

Archive of SID.ir

Journal of Medicinal
and Pharmaceutical
Chemistry Research

Page |620

) SAMI

[16] G.R. Grandhi, R. Mszar, F. Vahidy, ]. Valero-
Elizondo, R. Blankstein, M.]. Blaha, S.S. Virani,
].D. Andrieni, S.B. Omer, K. Nasir,
Sociodemographic disparities in influenza
vaccination among adults with atherosclerotic
cardiovascular disease in the United States,
JAMA cardiology, 2021, 6, 87-91 [Crossref],
[Google Scholar], [Publisher]

[17] M.W. Feinberg, K.J. Moore, MicroRNA
regulation of atherosclerosis,
research, 2016, 118, 703-720
[Google Scholar], [Publisher]

[18] D.C. Goff]r, D.M. Lloyd-Jones, G. Bennett, S.
Coady, R.B. D’agostino, R. Gibbons, P.
Greenland, D.T. Lackland, D. Levy, C.J.
O’donnell, ]J.G. Robinson, 2013 ACC/AHA
guideline on the assessment of cardiovascular
risk: a report of the American College of
Cardiology/American Heart Association Task
Force on Practice
Guidelines, Circulation, 2014, 129, 49-73
[Crossref], [Google Scholar], [Publisher]

[19] M.F. Piepoli, AW. Hoes, S. Agewall, C.
Albus, C. Brotons, A.L. Catapano, M.T. Cooney,
U. Corra, B. Cosyns, C. Deaton, I. Graham,
Guidelines: Editor's choice: 2016 European
Guidelines  on

Circulation
[Crossref],

disease
prevention in clinical practice: The Sixth Joint
Task Force of the European Society of
Cardiology and Other Societies on
Cardiovascular Disease Prevention in Clinical
Practice (constituted by representatives of 10
societies and by invited experts) Developed
with the special contribution of the European
Association for Cardiovascular Prevention &
Rehabilitation (EACPR), European heart
journal, 2016, 37, 2315 [Crossref], [Google
Scholar], [Publisher]

[20] S.D. Fihn, ].M. Gardin, J. Abrams, K. Berra,
J.C. Blankenship, A.P. Dallas, P.S. Douglas, ].M.
Foody, T.C. Gerber, A.L. Hinderliter, S.B. King
11, 2012
ACCF/AHA/ACP/AATS/PCNA/SCAI/STS
guideline for the diagnosis and management of

cardiovascular

patients with stable ischemic heart disease: a
report of the American College of Cardiology

H. Fawzy et al

Foundation/American Heart Association task
force on practice guidelines, and the American
College of Physicians, American Association for
Thoracic Surgery, Preventive Cardiovascular
Nurses Association, Society for Cardiovascular
Angiography and Interventions, and Society of
Thoracic Surgeons, Circulation, 2012, 126,
354-471. [Crossref], [Google  Scholar],
[Publisher]

[21] C.L. Garzillo, W. Hueb, B. Gersh, P.C.
Rezende, E.G. Lima, D. Favarato, ].A.F. Ramires,
R. Kalil Filho, Association between stress
testing-induced myocardial
clinical events in patients with multivessel
coronary artery disease, JAMA Internal
Medicine, 2019, 179, 1345-1351 [Crossref],
[Google Scholar], [Publisher]

[22] T. Singh, R. Bing, M.R. Dweck, E.J. van
Beek, N.L. Mills, M.C. Williams, T.C. Villines,
D.E. Newby, P.D. Adamson, Exercise
electrocardiography and computed
tomography coronary angiography for patients
with suspected stable angina pectoris: a post
hoc analysis of the randomized SCOT-HEART
trial, JAMA cardiology, 2020, 5, 920-928.
[Crossref], [Google Scholar], [Publisher]

[23] AEE. Bildirici, S. Arslan, N. Ozbiliim Sahin,
0. Berkan, 0. Beton, M.B. Yilmaz, MicroRNA-
221/222 expression in
coronary artery plaque

mammarian artery and in peripheral blood
samples, Biomarkers, 2018, 23, 670-675
[Crossref], [Google Scholar], [Publisher]

[24] ].S. Kim, K. Pak, T.S. Goh, D.C. Jeong, M.E.
Han, J. Kim, S.0. Oh, C.D. Kim, Y.H. Kim,
Prognostic value of microRNAs in coronary
artery diseases: a meta-analysis, Yonsei
Medical Journal, 2018, 59, 495-500. [Crossref],
[Google Scholar], [Publisher]

[25] S.K. Gupta, C. Bang, T. Thum, Circulating
microRNAs as
paracrine
disease, Circulation: Cardiovascular
Genetics, 2010, 3, 484-488 [Crossref], [Google
Scholar], [Publisher]

ischemia and

atherosclerotic

versus internal

biomarkers and potential

mediators of cardiovascular

Archive of SID.ir


https://doi.org/10.1001/jamacardio.2020.3978.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grandhi%2C+G.%3B+Mszar%2C+R.%3B+Vahidy%2C+F.%3B+Valero-Elizondo%2C+J.%3B+Blankstein%2C+R.%3B+Blaha%2C+M.J.%3B+Virani%2C+S.S.%3B+Andrieni%2C+J.D.%3B+Omer%2C+S.B.%3B+Nasir%2C+K.%2C+JAMA+Cardiol+%2C+2020%2C+1+%3A87%E2%80%9391+https%3A%2F%2Fdoi.org%2F10.1001%2Fjamacardio.2020.3978&btnG=
https://jamanetwork.com/journals/jamacardiology/article-abstract/2770175
https://doi.org/10.1161/circresaha.115.306300.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Raitoharju%2C+E.%3B+Oksala%2C+N.%3B+Lehtimaki%2C+T.%2C+Clin.+Chem%2C+2013%2C+59%3A+1708%E2%80%931721.+https%3A%2F%2Fdoi.org%2F10.1161%2Fcircresaha.115.306300.+&btnG=
https://www.ahajournals.org/doi/full/10.1161/CIRCRESAHA.115.306300
https://doi.org/10.1161/01.cir.0000437741.48606.98.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Goff+DC%2C+Lloyd-Jones+DM%2C+Bennett+G%2C+et+al.%2C+Circulation%2C2014%2C129%3A49%E2%80%9373.https%3A%2F%2Fdoi.org%2F10.1161%2F01.cir.0000437741.48606.98.+&btnG=
https://www.ahajournals.org/doi/full/10.1161/01.cir.0000437741.48606.98
https://doi.org/10.1093/eurheartj/ehw106.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Piepoli+MF%2C+Hoes+AW%2C+Agewall+S%2C+et+al.%2C+Eur+Heart+J+%2C2016%2C+37%3A2315%E2%80%932381.+10.1093%2Feurheartj%2Fehw106.+https%3A%2F%2Fdoi.org%2F10.1093%2Feurheartj%2Fehw106.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Piepoli+MF%2C+Hoes+AW%2C+Agewall+S%2C+et+al.%2C+Eur+Heart+J+%2C2016%2C+37%3A2315%E2%80%932381.+10.1093%2Feurheartj%2Fehw106.+https%3A%2F%2Fdoi.org%2F10.1093%2Feurheartj%2Fehw106.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4986030/
https://doi.org/10.1161/CIR.0b013e318277d6a0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fihn+SD%2C+Gardin++JM%2C+Abrams++J%2C++et+al.%2C+++Circulation%2C+2012%2C+126+%2825%29%3A3097-3137.+doi%3A10.1161%2FCIR.0b013e3182776f83.+&btnG=
https://www.ahajournals.org/doi/full/10.1161/CIR.0b013e318277d6a0
https://doi.org/10.1001/jamainternmed.2019.2227.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Garzillo%2C+C.L.%3B+Hueb%2C+W.%3B+Gersh%2C+B.%3B+Rezende%2C+P.C.%3B+Lima%2C+E.G.%3B+Favarato%2C+D.%3B+Ramires%2C+J.A.F.%3B+Filho%2C+R.K.%2C+JAMA+Intern.+Med+%2C+2019%2C179%2C+1345.+https%3A%2F%2Fdoi.org%2F10.1001%2Fjamainternmed.2019.2227.+&btnG=
https://jamanetwork.com/journals/jamainternalmedicine/article-abstract/2738785
https://doi.org/10.1001/jamacardio.2020.1567
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh+T%2C+Bing+R%2C+Dweck+MR%2C+et+al.%2C+JAMA+Cardiol%2C+2020%2C+5+%288%29%3A920%E2%80%93928.+doi%3A10.1001%2Fjamacardio.2020.1567.+&btnG=
https://jamanetwork.com/journals/jamacardiology/article-abstract/2766244
https://doi.org/10.1080/1354750x.2018.1474260
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Bildirici+AE%2C+Arslan+S%2C+%C3%96zbil%C3%BCm+%C5%9Eahin+N%2C+et+al.%2C+Biomarkers%2C+2018%2C+23%3A+670%E2%80%93675.+https%3A%2F%2Fdoi.org%2F10.1080%2F1354750x.2018.1474260&btnG=
https://www.tandfonline.com/doi/abs/10.1080/1354750X.2018.1474260
https://doi.org/10.3349/ymj.2018.59.4.495
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kim+JS%2C+Pak+K%2C+Goh+TS%2C+et+al.%2C+Yonsei+Med+J%2C+2018%2C+59%3A495%E2%80%93500.+https%3A%2F%2Fdoi.org%2F10.3349%2Fymj.2018.59.4.495.+&btnG=
https://synapse.koreamed.org/articles/1032295
https://doi.org/10.1161/CIRCGENETICS.110.958363
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gupta+SK%2C+Bang+C%2C+Thum+T.%2C+Circ+Cardiovasc+Genet%2C+2010%2C+3%3A484%E2%80%938.+https%3A%2F%2Fdoi.org%2F10.1161%2FCIRCGENETICS.110.958363.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gupta+SK%2C+Bang+C%2C+Thum+T.%2C+Circ+Cardiovasc+Genet%2C+2010%2C+3%3A484%E2%80%938.+https%3A%2F%2Fdoi.org%2F10.1161%2FCIRCGENETICS.110.958363.+&btnG=
https://www.ahajournals.org/doi/full/10.1161/CIRCGENETICS.110.958363

Archive of SID.ir

The value of plasma mir 126 and miR 423-3p ...

[26] P.S. Mitchell, R.K. Parkin, E.M. Kroh, B.R.
Fritz, S.K. Wyman, E.L. Pogosova-Agadjanyan,
A. Peterson, ]. Noteboom, K.C. O'Briant, A.
Allen, D.W. Lin, Circulating microRNAs as
stable blood-based markers for cancer
detection, Proceedings of the National
Academy of Sciences, 2008, 105, 10513-10518.
[Crossref], [Google Scholar], [Publisher]

[27] S. Gao, H. Gao, L. Dai, Y. Han, Z. Lei, X.
Wang, H. Chang, S. Liu, Z. Wang, H. Tong, H. W,
miR-126 regulates angiogenesis in myocardial
ischemia by targeting HIF-la. Experimental
Cell Research, 2021, 409, 112925 [Crossref],
[Google Scholar], [Publisher]

[28] K. Mukaihara, M. Yamakuchi, H. Kanda, Y.
Shigehisa, K. Arata, K. Matsumoto, K.
Takenouchi, Y. Oyama, T. Koriyama, T.
Hashiguchi, Y. Imoto, Evaluation of VEGF-A in
platelet and microRNA-126 in serum after
coronary artery bypass grafting, Heart and
Vessels, 2021, 36, 1635-1645 [Crossref],
[Google Scholar], [Publisher]

[29] J]. Mahendra, L. Mahendra, H.N. Fageeh,
H.I. Fageeh, W. Ibraheem, H.H. Abdulkarim, A.
Kanakamedala, P. Prakash, S. Srinivasan, T.M.
Balaji, S. Varadarajan, Mirna-146a and mirna-
126 as potential biomarkers in patients with
coronary artery disease and generalized
periodontitis, Materials, 2021, 14, 4692.
[Crossref], [Google Scholar], [Publisher]

[30] X. Wang, Y. Lian, X. Wen,]. Guo, Z. Wang,
S. Jiang, Y. Hu, Expression of miR-126 and its
potential function in coronary artery disease,
African health sciences, 2017, 17, 474-480.
[Crossref], [Google Scholar], [Publisher]

[31] J. Mahendra, L. Mahendra, H.N. Fageeh,
H.I. Fageeh, W. Ibraheem, H.H. Abdulkarim, A.
Kanakamedala, P. Prakash, S. Srinivasan, T.M.
Balaji, S. Varadarajan, Mirna-146a and mirna-
126 as potential biomarkers in patients with
coronary artery disease and generalized
periodontitis, Materials, 2021, 14, 4692.
[Crossref], [Google Scholar], [Publisher]

[32] X. Zhang, S. Shao, H. Geng, Y. Yu, C. Wang,
Z. Liu, C. Yu, X. Jiang, Y. Deng, L. Gao, ]. Zhao,

Expression profiles of six circulating

Journal of Medicinal
and Pharmaceutical
Chemistry Research

@m Page |621
microRNAs critical
patients with subclinical hypothyroidism: a
clinical study, The journal of clinical
endocrinology & metabolism, 2014, 99, 766-
774. [Crossref], [Google Scholar], [Publisher]
[33] T.F. Hansen, A.L. Carlsen, ].T. Tanassi, O.
Larsen, F.B. Sgrensen, L.H. Jensen, A. Jakobsen,
MicroRNA-126 and epidermal growth factor-
like domain 7 predict recurrence in patients
with colon cancer treated with neoadjuvant
chemotherapy, Cancer Drug Resistance,
2019, 2, 885 [Crossref], [Google Scholar],
[Publisher]

[34] S. Wang, A.B. Aurora, B.A. Johnson, X. Qi, J.
McAnally, J.A. Hill, ]J.A. Richardson, R. Bassel-
Duby, E.N. Olson, The endothelial-specific
microRNA miR-126 governs vascular integrity
and angiogenesis, Dev Cell, 2008, 15, 261-271.
[PubMed: 18694565] [Crossref], [Google
Scholar], [Publisher]

[35] F.Kuhnert, M.R. Mancuso, J]. Hampton, K.
Stankunas, T. Asano, C.Z. Chen, C.J. Kuo,
Attribution of vascular phenotypes of the
murine Egfl7 locus to the microRNA miR,
2008, 126. [Crossref], [Google Scholar],
[Publisher]

[36] J.E. Fish, M.M. Santoro, S.U. Morton, S. Yu,
R-F. Yeh, ].D. Wythe, K.N. Ivey, B.G. Bruneau,
D.Y.R. Stainier, D. miR-126
regulates angiogenic signaling and vascular
integrity, Dev Cell, 2008, 15, 272-284.
[PubMed: 18694566]. [Crossref], [Google
Scholar], [Publisher]

[37] T.A. Harris, M. Yamakuchi, M. Ferlito, J.T.
Mendell, C.J. MicroRNA-126
regulates endothelial expression of vascular
cell adhesion molecule 1, Proceedings of the
National Academy of Sciences, 2008, 105,1516-
1521. [Crossref], [Google Scholar], [Publisher]
[38] X. Sun, M. Zhang, A. Sanagawa, C. Mori, S.
Ito, S. Iwaki, H. Satoh, S. Fujii, Circulating
microRNA-126 in patients with coronary
artery disease: correlation with LDL
cholesterol, Thrombosis journal, 2012, 10, 1-5.
[Crossref], [Google Scholar], [Publisher]

to atherosclerosis in

Srivastava,

Lowenstein,

Archive of SID.ir


file:///C:/Users/Panahi_m/AppData/Roaming/Microsoft/Word/‎https:/doi.org/10.1073/pnas.0804549105
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mitchell+PS%2C+Parkin+RK%2C+Kroh+EM%2C+et+al.%2C+Proc+Natl+Acad+Sci+U+S+A%2C+2008%2C+105%3A10513-10518.+&btnG=
https://cir.nii.ac.jp/crid/1571698599223436800
https://doi.org/10.1016/j.yexcr.2021.112925
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gao+S%2C+Gao+H%2C+Dai+L%2C+Han+Y%2C+Lei+Z%2C+Wang+X%2C+et+al.%2C+Exp+Cell+Res%2C2021%2C409%3A112925.+doi%3A+10.1016%2Fj.yexcr.2021.112925.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S001448272100481X
https://doi.org/10.1007/s00380-021-01855-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mukaihara+K%2C+Yamakuchi+M%2C+Kanda+H%2C+Shigehisa+Y%2C+Arata+K%2C+Matsumoto+K%2C+et+al.%2C+Heart+Vessels%2C2021%2C+36%3A1635%E2%80%931645.+doi%3A+10.1007%2Fs00380-021-01855-6.+&btnG=
https://link.springer.com/article/10.1007/s00380-021-01855-6
https://doi.org/10.3390/ma14164692
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mahendra+J%2C+Mahendra+L%2C+Fageeh+HN%2C+Fageeh+HI%2C+Ibraheem+W%2C+Abdulkarim+HH%2C+et+al.%2C+Materials+%28Basel%29%2C2021%2C+14.+doi%3A+10.3390%2Fma14164692.+&btnG=
https://www.mdpi.com/1996-1944/14/16/4692
https://doi.org/10.4314/ahs.v17i2.22.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang+X%2C+Lian+Y%2C+Wen+X%2C+Guo+J%2C+Wang+Z%2C+Jiang+S%2C+et+al+.%2C+Afr+Health+Sci%2C+2017%2C17%3A474%E2%80%93480.+doi%3A+10.4314%2Fahs.v17i2.22.+&btnG=
https://www.ajol.info/index.php/ahs/article/view/158729
https://doi.org/10.3390/ma14164692
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mahendra+J%2C+Mahendra+L%2C+Fageeh+HN%2C+Fageeh+HI%2C+Ibraheem+W%2C+Abdulkarim+HH%2C+et+al.%2C+Materials+%28Basel%29%2C+2021%3A14.+doi%3A+10.3390%2Fma14164692.+&btnG=
https://www.mdpi.com/1996-1944/14/16/4692
https://doi.org/10.1210/jc.2013-1629.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhang+X%2C+Shao+S%2C+Geng+H%2C+Yu+Y%2C+Wang+C%2C+Liu+Z%2C+Yu+C%2C+Jiang+X%2C+Deng+Y%2C+Gao+L%2C+Zhao+J.%2C+J+Clin+Endocrinol+Metab%2C2014%2C+99%3A+766-774.+https%3A%2F%2Fdoi.org%2F10.1210%2Fjc.2013-1629.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhang+X%2C+Shao+S%2C+Geng+H%2C+Yu+Y%2C+Wang+C%2C+Liu+Z%2C+Yu+C%2C+Jiang+X%2C+Deng+Y%2C+Gao+L%2C+Zhao+J.%2C+J+Clin+Endocrinol+Metab%2C2014%2C+99%3A+766-774.+https%3A%2F%2Fdoi.org%2F10.1210%2Fjc.2013-1629.+&btnG=
https://doi.org/10.20517/cdr.2019.08.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hansen%2C+T.F.%3B+Christensen%2C+R.d.P.%3B+Andersen%2C+R.F.%3B+S%C3%B8rensen%2C+F.B.%3B+Johnsson%2C+A.%3B+Jakobsen%2C+A.%2C+Cancer%2C+2013%2C109%2C+1243%E2%80%931251.+https%3A%2F%2Fdoi.org%2F10.20517%2Fcdr.2019.08.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8992522/
https://doi.org/10.1016/j.devcel.2008.07.00
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+Wang%2C+A.B.+Aurora%2C+B.A.+Johnson%2C+X.+Qi%2C+J.+McAnally%2C+J.A.+Hill%2C+J.A.+Richardson%2C+R.+Bassel-Duby%2C+E.N.+Olson%2C+The+endothelial-specific+microRNA+miR-126+governs+vascular+integrity+and+angiogenesis%2C+Dev+Cell%2C+2008%2C+15%2C+261%E2%80%93271&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+Wang%2C+A.B.+Aurora%2C+B.A.+Johnson%2C+X.+Qi%2C+J.+McAnally%2C+J.A.+Hill%2C+J.A.+Richardson%2C+R.+Bassel-Duby%2C+E.N.+Olson%2C+The+endothelial-specific+microRNA+miR-126+governs+vascular+integrity+and+angiogenesis%2C+Dev+Cell%2C+2008%2C+15%2C+261%E2%80%93271&btnG=
https://www.cell.com/developmental-cell/fulltext/S1534-5807(08)00281-5?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1534580708002815%3Fshowall%3Dtrue
https://doi.org/10.1242/dev.029736.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kuhnert+F%2C+Mancuso+MR%2C+Hampton+J%2C+et+al.%2C+Development%2C+2008%2C+135%2824%29%3A3989%E2%80%933993.+%5BPubMed%3A+18987025%5D+https%3A%2F%2Fdoi.org%2F10.1242%2Fdev.029736.+&btnG=
https://journals.biologists.com/dev/article/135/24/3989/64993/Attribution-of-vascular-phenotypes-of-the-murine
https://doi.org/10.1016/j.devcel.2008.07.008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=miR-126+Regulates+Angiogenic+Signaling+and+Vascular+Integrity&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=miR-126+Regulates+Angiogenic+Signaling+and+Vascular+Integrity&btnG=
https://www.cell.com/developmental-cell/fulltext/S1534-5807(08)00287-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1534580708002876%3Fshowall%3Dtrue
https://doi.org/10.1073/pnas.0707493105
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Harris+TA%2C+Yamakuchi+M%2C+Ferlito+M%2C+Mendell+JT%2C+Lowenstein+CJ.%2C+Proc+Natl+Acad+Sci+U+S+A.+Feb+5%2C+2008%2C+105%285%29%3A1516-1521.+doi%3A+10.1073%2Fpnas.0707493105.+Epub+2008+Jan+28.+PMID%3A+18227515%3B+PMCID%3A+PMC2234176.+&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2234176/
https://doi.org/10.1186/1477-9560-10-16.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sun+X%2C+Zhang+M%2C+Sanagawa+A%2C+et+al.%2C+Thromb+J+%2C2012%2C10+%281%29%3A16.+%5BPubMed%3A+2292527.+https%3A%2F%2Fdoi.org%2F10.1186%2F1477-9560-10-16.+&btnG=
https://link.springer.com/article/10.1186/1477-9560-10-16

Archive of SID.ir

Page | 622 Journal of Medicinal
: l @m and Pharmaceutical
Chemistry Research

[39] R. Ross, Atherosclerosis—an

inflammatory disease, New England journal of
medicine, 1999, 340, 115-126. [Crossref],
[Google Scholar], [Publisher]

[40] S. Xue, D. Liu, W. Zhu, Z. Su, L. Zhang, C.
Zhou, P. Li, Circulating MiR-17-5p, MiR-126-5p
and MiR-145-3p are novel biomarkers for
diagnosis of
infarction, Frontiers in Physiology, 2019, 10,
123 [Crossref], [Google Scholar], [Publisher]
[41] Y. He, ]. Zhong, S. Huang, X Shui, D. Kong, C.
Chen, W. Lei, Elevated circulating miR-126-3p
expression in patients with acute myocardial
infarction: its diagnostic value, International
Journal of Clinical and Experimental Pathology,
2017, 10, 11051-11056. PMID: 31966451;
PMCID: PMC6965822. [Pdf], [Google Scholar],
[Publisher]

[42] Y. Zhu, T. Li, G. Chen, G. Yan, X. Zhang, Y.
Wan, Q. Li, B. Zhu, W. Zhuo, Identification of a
serum microRNA expression signature for

acute myocardial

detection of lung cancer, involving miR-23b,
miR-221, miR-148b and miR-423-3p. Lung
cancer, 2017, 114, 6-11. [Crossref], [Google
Scholar], [Publisher]

[43] X. Wang, Y. Dong, T. Fang, X. Wang, L. Chen,
C. Zheng, Y. Kang, L. Jiang, X. You, S. Gai, Z.
Wang, Circulating MicroRNA-423-3p Improves
the Prediction of Coronary Artery Disease in a

H. Fawzy et al

General  Population—Six-Year  Follow-up
Results from the China-Cardiovascular Disease
Study—. Circulation Journal, 2020, 84, 1155-
1162. [Crossref], [Google Scholar], [Publisher]
[44] B. Rizzacasa, E. Morini, R. Mango, C.
Vancheri, S. Budassi, G. Massaro, S. Maletta, M.
Macrini, S. D’Annibale, F. Romeo, G. Novellj,
MiR-423 is differentially expressed in patients
with stable and unstable coronary artery
disease: A pilot study, PLoS One, 2019, 14,
216363. [Crossref], [Google  Scholar],
[Publisher]
[45] E. Nabiatek, W. Wanha, D. Kula, T. Jadczyk,
M. Krajewska, A. Kowaléwka, S. Dworowy, E.
Hrycek, W. Wtudarczyk, Z. Parma, A.
Michalewska-Wtudarczyk, Minerva
Cardioangiol, 2013, 61, 627-637. [Pdf],
[Publisher]
How to cite this article: Heba Fawzy*, Doaa
M. Hendawy, Mohammed S.Gharee,
Mahmoud Amer, Hend Sameh, Hala Mosaad,
The value of plasma mir 126 and miR 423-3p
levels in prediction of subclinical
atherosclerotic coronary artery disease.
Journal of Medicinal and Pharmaceutical
Chemistry Research, 2024, 6(5), 609-622.
Link:
https://jmpcr.samipubco.com/article_1876
07.html

Copyright © 2024 by SPC (Sami Publishing Company) + is an open access article distributed

under the Creative Commons

(https://creativecommons.org/licenses/by/4.0/),

Attribution

License(CC
which  permits

BY) license
unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.

Archive of SID.ir


https://www.nejm.org/doi/full/10.1056/NEJM199901143400207.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ross%2C+R.%2C+N.+Engl.+J.+Med.%2C+1999%2C+340%2C+115-126.+https%3A%2F%2Fwww.nejm.org%2Fdoi%2Ffull%2F10.1056%2FNEJM199901143400207.+&btnG=
https://www.nejm.org/doi/full/10.1056/nejm199901143400207
https://doi.org/10.3389/fphys.2019.00123.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Xue+S%2C+Liu+D%2C+Zhu+W%2C+Su+Z%2C+Zhang+L%2C+Zhou+C%2C+et+al.%2C+Front+Physiol%2C+2019%2C+10%3A123.+doi%3A+10.3389%2Ffphys.2019.00123.+https%3A%2F%2Fdoi.org%2F10.3389%2Ffphys.2019.00123.+&btnG=
https://www.frontiersin.org/articles/10.3389/fphys.2019.00123/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6965822/pdf/ijcep0010-11051.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=He+Y%2C+Zhong+J%2C+Huang+S%2C+Shui+X%2C+Kong+D%2C+Chen+C%2C+et+al.%2C+Int+J+Clin+Exp+Pathol%2C2017%2C10%3A11051-11056&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6965822/
https://doi.org/10.1016/j.lungcan.2017.10.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Zhu+Y%2C+Li+T%2C+Chen+G%2C+Yan+G%2C+Zhang+X%2C+Wan+Y%2C+et+al.%2C+Lung+Cancer%2C+2017%2C+114%3A+6-11.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.lungcan.2017.10.002&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Zhu+Y%2C+Li+T%2C+Chen+G%2C+Yan+G%2C+Zhang+X%2C+Wan+Y%2C+et+al.%2C+Lung+Cancer%2C+2017%2C+114%3A+6-11.+https%3A%2F%2Fdoi.org%2F10.1016%2Fj.lungcan.2017.10.002&btnG=
https://pubmed.ncbi.nlm.nih.gov/29173767/
https://doi.org/10.1253/circj.CJ-19-1181
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang+X%2C++Dong+Y%2C++Fang+T%2C++Wang+X%2C++Chen+L%2C+++Zheng+C%2C+++Kang+Y%2C++Jiang+L%2C+You+X%2C+et+al.%2C+Circulation+Journal+%2C2020%2C+doi%3A10.1253%2Fcircj.CJ-19-1181.+&btnG=
https://www.jstage.jst.go.jp/article/circj/84/7/84_CJ-19-1181/_article/-char/ja/
https://doi.org/10.1371/journal.pone.0216363
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rizzacasa+B%2C++Morini+E%2C++Mango+R%2C++Vancheri+C%2C++Budassi+S%2C++Massaro+G%2C++Maletta+S+%2C++Macrini+M.%2C+e+al.%2C+PLOS+ONE+%2C+2019%2C+https%3A%2F%2Fdoi.org%2F10.1371%2Fjournal.pone.0216363+May+6.+&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0216363
https://www.researchgate.net/profile/Adam-Kowalowka-2/publication/258766862_Circulating_microRNAs_miR423-5p_miR-208a_and_miR-1_in_acute_myocardial_infarction_and_stable_coronary_heart_disease/links/5652d3c008aefe619b18dd48/Circulating-microRNAs-miR423-5p-miR-208a-and-miR-1-in-acute-myocardial-infarction-and-stable-coronary-heart-disease.pdf?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/publication/258766862_Circulating_microRNAs_miR423-5p_miR-208a_and_miR-1_in_acute_myocardial_infarction_and_stable_coronary_heart_disease
https://jmpcr.samipubco.com/article_187607.html
https://jmpcr.samipubco.com/article_187607.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

