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Abstract

Background Proprotein convertase subtilisin/kexin type-9 (PCSK9), an enzyme produced mainly by hepatocytes
and breaks low-density lipoprotein receptor (LDL-R), inflammatory markers [toll like receptor 4 (TLR4), high mobil-

ity group box 1 (HMGB1), tumor necrosis factor alpha (TNFa), c-reactive protein (CRP)], and monocyte subtypes are
associated with coronary artery disease (CAD) pathogenesis. The circulating microRNA-218 (miR-218) can relieve CAD
through the suppression of HMGB1 in monocyte-derived inflammatory cytokines. Herein, we explored the association
between circulatory miR-218 expression and serum levels of PCSK9, inflammatory markers, and monocyte subtypes
in statin and non-statin CAD patients. This study involved 91 healthy (control) and 91 stable CAD participants which
were subdivided into no-statin (NS, n=25), low-statin (LS, n=25), and high-statin (HS, n=41) groups. low-density
lipoprotein cholesterol (LDL-C) and CRP serum levels were calorimetrically determined. Serum levels of PCSK9, TLR4,
HMGB1, and TNFa were detected by ELISA, while monocyte subsets [classical (CM), intermediate (IM), non-classical
(NQ)] were calculated by flow cytometry. Circulatory miR-218 expression was detected by real-time PCR.

Results The CAD group had significantly lower miR-218 expression and significantly higher levels of PCSK9, inflam-
matory markers (HMGB1, CRP, TLR4, and TNFa), and IM% than the control group. Among CAD patients, LS and HS
groups had significantly lower miR-218 expression, LDL-C levels, and inflammatory markers and significantly higher
levels of PCSK9 than the NS group. The HS group exhibited the lowest miR-218 expression and inflammatory mark-
ers and the highest PCSK9 levels. However, there were no significant changes in IM% among statin and non-statin
groups. In the three CAD groups, miR-218 showed a significantly negative correlation with PCSK9 and inflammatory
markers (HMGB1, CRP, TLR4, and TNFa), while this expression exhibited a significantly negative correlation with CM%,
IM%, and NCM9% only in the NS group. Results of multivariable linear regression indicated a correlation between miR-
218 and five independent variables (PCSK9, HMGB1, CRP, TLR4, and TNFa) in the total statin (LS+HS) group, and eight
independent variables (PCSK9, HMGB1, CRP, TLR4, and TNFa, CM%, IM%, NCM%) in the NS group. Provided that all
other independent variables are constant, miR-218 expression was significantly correlated to CRP (Beta=0.234)
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and PCSK9 (Beta= —0.875) in the total statin group; TLR4 (Beta= —0.554) in the LS group; HMGB1 (Beta= —0.507)

in the HS group; and CRP (Beta= —0.745) in the NS group.

Conclusions Statin-treated CAD patients have a unique negative correlation between miR-218 and PCSK9, HMGBT,
and TLR4, and subsequently with CAD progress. Therefore, it could be recommended to combine activators of miR-
218 and inhibitors of PCSK9, HMGB1, and TLR4 with statin to efficiently treat CAD.

Keywords MicroRNA-218, PCSK9, Inflammatory markers, Monocyte subtypes, Statin, Coronary artery disease

1 Background

Among cardiovascular diseases (CVDs), CAD leads
the pack in terms of global death rate [1] with fatalities
accounting for 78,897 (21.73%) of all deaths in Egypt
in 2013 [2]. Stable CAD applies to patients with diag-
nosed atherosclerotic disease of the coronary arteries
who haven’t had a recent heart attack, stroke, or other
major cardiovascular event [3]. The atherosclerotic
plaque is considered a hallmark of the pathophysiology
of CAD [4]. Fueled by oxidative stress and higher LDL-
cholesterol (LDL-C) levels, endothelial damage can also
induce plaque formation [5]. When endothelial cells are
damaged, LDL-C can be oxidized into Ox-LDL within
the artery wall [6]. Ox-LDL accumulation leads to mac-
rophages becoming foam cells, which deposit fat in the
artery wall and release inflammatory cytokines [7].
Statins are drugs that lower LDL-C through the block-
ing of hydroxymethyl-glutaryl-coenzyme A (HMG-CoA)
reductase, an enzyme that makes cholesterol in the liver,
and overexpressed LDL-R on hepatocytes [8].

In addition to dyslipidemia, many other risk factors
associated with atherosclerosis and CAD were recently
discovered [9]. One of these risk factors is PCSK9 which
is formed by liver cells, where it unites to LDL-R on the
same cell surface and regulates its activity [10]. After
binding to LDL-R, PCSK9 is taken up by liver cells and
broken down in lysosomes. This causes an increase in
blood levels of LDL-C while decreasing the quantity of
LDL-R on cell surfaces [11]. The greatest risk of cardio-
vascular disease is linked to hypercholesterolemia caused
by PCSK9 gain-of-function mutations [12]. PCSK9 levels
in the blood are higher in CVD patients, especially those
who are newly diagnosed at the time of acute myocardial
infarction [13]. The inflammatory response is positively
impacted by PCSK9 because of its role in regulating
TLR4 and NF-kB [14]. Statins can stimulate the produc-
tion of PCSK9 in liver cells [15].

The inflammatory regulator HMGBL is also linked to
atherosclerosis [16]. HMGB1 levels are high in plaque,
and blood vessel walls [17] and can trigger the over-
release of cytokines, which helps the inflammation con-
tinue and makes the plaque grow bigger [18]. When
blood vessels are damaged, HMGB1 expression increases
in the plaque, thereby recruiting inflammatory cells and

leading to the progression of CVD [19]. Toll-like recep-
tors (TLRs) can identify endogenous ligands, including
ox-LDL and HMGBI, and so they also engage in ath-
erosclerosis and CVD [20]. TLR4 agonists can induce
atherosclerosis in mice [21]. Ox-LDL can elevate TLR4
expression and then activate NF-kB, which triggers TNFa
formation [22, 23]. TNFa knockdown mice administered
atherogenic food were less susceptible to atherosclerosis
[24] and high TNFa blood levels were positively linked
to CAD patients [25]. The CRP is a pentraxins protein
that is released by endothelial and macrophage cells and
seems to be a useful marker and predictor of CVD as it
contributes to all stages of atherosclerosis [26]. TNFa,
IL-1PB, and IL-6 are the primary inductors of the CRP
gene [27].

Monocytes are key players in atherosclerosis, as they
can stick to and cross the endothelial cells into the artery
wall, take up altered lipids, and become foam cells [28].
Depending on their surface markers and as measured by
flow cytometry, human monocytes are divided into three
groups: classical monocytes (CD14++CD16—; CM),
intermediate monocytes (CD14++CD16+; IM), and
non-classical monocytes (CD14+CD16++; NCM) [29].
CM have a typical monocyte function (they rise during
clotting), IM has a high inflammatory potential (they rise
during a heart attack and stroke), and NCM has a special
role in patrolling, especially near damaged artery walls
(they rise during heart disease) [30]. PCSK9 can cause
inflammation in plaque by attracting monocytes [31].
Monocytes have receptors that can bind to ox-LDL to
induce plaque formation [32].

MicroRNAs (miRNAs) modulate gene expression by
influencing post-transcriptional RNA degradation or
translation. More miRNAs in the blood, especially those
related to the heart, have been found as new indicators
of CAD [33]. MiR-218 expression was low in mice with
aortic constriction and CAD patients [34, 35]. MiR-218
could protect against myocardial damage and isopro-
terenol-induced cardiac hypertrophy in rodents [36].
Bioinformatics research revealed that the miR-218 gene
can target TLR4 [37]. MiR-218 may also reduce HMGBI
expression and inflammatory cytokines that come from
monocytes, or endothelial cells, thereby diminishing
inflammation [38]. All these findings show that miR-218
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could be involved in CVD. Nevertheless, the exact mech-
anism of action by which miR-218 could affect athero-
sclerosis and CAD remains mostly unknown [37, 39].

As shown above, miR-218 expression, PCSK9 lev-
els, monocyte subtypes, and inflammatory markers
(HMGBI, CRP, TLR4, and TNF«) are closely related to
CVD/CAD development and outcome, but they vary
among patients. However, the correlation between
miR-218 and the other CVD/CAD factors is poorly
understood, especially in statin and non-statin patients.
Therefore, this study aimed to explore how circulatory
miR-218 and levels of PCSK9, monocyte subtypes, and
inflammatory markers are correlated in statin and non-
statin CAD patients.

2 Methods

2.1 Ethics statement and informed consent

The ethics committee of Kafrelsheikh University gave
their approval for the study (Approval Code: MKSU 50-3-
5). The study complied with the ethical standards of the
Helsinki Declaration of the World Medical Association in
2013. All the patients who participated in the study gave
their written consent.

2.2 Subjects and study design

The study was a single-center case—control study con-
ducted at the Cardiology Department of Kafrelsheikh
University Hospitals. It involved 182 volunteers, half of
whom had atherosclerosis and the other half were healthy
controls matched by age and sex. The controls had no
cardiovascular disease history, signs, or symptoms and
underwent regular health check-ups. The atherosclerosis
group consisted of patients older than 45 years who had
stable CAD confirmed by elective coronary angiography.
Exclusive criteria included (1) acute coronary syndrome
(ACS) patients; (2) patients who had percutaneous coro-
nary intervention (PCI) in the past 90 days; (3) patients
with cardiac failure and severe valve stenosis; and (4)
patients with inflammatory diseases. The atherosclerosis
group was further subdivided into three groups based on
statin therapy and ESC/EAS lipid guidelines: NS group
(no statin prescription by the physician); LS group [low
statin (simvastatin 10 mg, pravastatin 5-20 mg, lovasta-
tin 20 mg, fluvastatin 20-40 mg, or pitavastatin 1 mg)];
and HS group [high statin (atorvastatin 40 to 80 mg daily
or rosuvastatin 20 to 40 mg daily).

2.3 Blood sampling and serum collection
Before coronary angiography in the morning, blood was
collected from the antecubital vein in the elbow area of
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fasting participants in tubes coated with EDTA and plain
tubes. Flow cytometry was performed on whole blood
samples right away. Sera were separated by spinning the
blood samples from the vacutainer tubes at 3000 rpm at
4 °C and were kept at— 80 °C for future analysis.

2.4 Serum biochemical assays

Serum levels of the lipid profile parameters [cholesterol,
triglycerides, LDL-C, and high-density lipoprotein-
cholesterol (HDL-C)] and CRP were measured using a
chemistry autoanalyzer (Indiko, ThermoFisher Scientific,
USA).

2.5 ELISA

A specific ELISA kit (Bioassay Technology Laboratory,
Shanghai, China, Cat # E2320Hu) was used to meas-
ure PCSK9 serum levels following the manufacturer’s
instructions. The kit had an assay range of 1 to 300 ng/
mL with inter-assay and intra-assay coefficients of vari-
ance of CV<12% and CV <10%, respectively. The serum
levels of the inflammatory markers TLR4 (MyBioSource,
San Diego, CA, USA, Cat # MBS2702401; CV of intra-
assay and inter-assay precision=10% and 12%), TNFa
(MyBioSource, Cat # MBS2502004; CV of intra-assay
and inter-assay precision=5.5% and 4.5%), and HMGB1
(MyBioSource, Cat # MBS701378; CV of intra-assay and
inter-assay precision=9% and 8%) were quantified using
specific human ELISA kits as detailed in the manufactur-
er’s guidelines. The ODs of all samples were determined
by EL800, Bioelisa ELISA Reader (Biokit, USA).

2.6 Molecular analysis by real-time PCR

The total RNA from serum samples was extracted using
Trizol (Invitrogen) according to the manufacturer’s pro-
tocol. A Nanodrop (Quawell, Q3000) was used to meas-
ure the concentration and purity of the total RNA. The
total RNA was converted to cDNA using reverse tran-
scriptase (RevertAid H Minus, Thermo Scientific, Cat #
EP0451, USA). The qPCR was performed in a real-time
thermal cycler (Step OnePlus, Applied Biosystems) with
c¢DNA, primers, and syber green master mix (Quanti-
Tect SYBR Green qPCR, Thermo Scientific) following
the reaction cycles described previously [40]. The rela-
tive expression was calculated using the 2724t equation.
U6 was the internal control for the fold change of gene
expression. The sequence of primers was as follow: F: 5’-
CGCCGCCTGTGCGTGAGGAT-3"; R: 5'-GCCTAG
TTTGACGAGAGGT-3" for miR-218 and F: 5'-CTC
GCTTCGGCAGCACA-3’; F: 5-CTCGCTTCGGCA
GCACA-3" for U6 [39].
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2.7 Flow cytometry analysis

Monocyte subsets were calculated by flow cytometry as
previously detailed [41]. In brief, 100 pl whole blood con-
taining up to 10° nucleated cells were mixed gently with
10 pl of each monoclonal Abs then 2 ml of the lysis buffer
(BD FACS, Biosciences) were added followed by incuba-
tion for 10 min. After centrifugation (2500 rpm/6 min),
the cells were fixed in 1% paraformaldehyde in PBS. The
mAbs used were allophycocyanin (APC)-H7-labeled
mAb for CD14 (Elabscience, Houston, Texas, USA, Cat#
E-AB-F1209E), and fluorescein isothiocyanate (FITC)-
labeled mAb for CD16 (Elabscience, Cat# E-AB-F1005C).
We used a FACSCantoll flow cytometer equipped with
BD FACSDiva Software 9.0 (Becton Dickinson, Bio-
sciences, San Jose, CA, USA) to count labeled cells.
Scatter characteristics were used to identify and gate
monocytes as previously detailed [41].

2.8 Statistical analysis

Data were analyzed by SPSS 21.0 software (IBM SPSS
Inc., Chicago, IL) and GraphPad Prism 8 Software
(GraphPad Inc., LaJolla, CA, USA). According to the Kol-
mogorov—Smirnov test, the data followed a normal dis-
tribution. The x2 test was used to assess the enumeration
data. A one-way analysis of variance (ANOVA) followed
by Tukey’s Honestly Significant Difference (Tukey’s HSD)
was used when comparing three or more groups, whereas
the t-test was used when comparing two groups. The cor-
relation between groups was determined by Pearson’s
coefficient. Multivariable linear regression models were
calculated for the association of miR-218 expression,
PCSK9 levels, monocyte subtypes, and inflammatory
markers (HMGBI1, CRP, TLR4, and TNF«). The data were
presented as mean + standard deviation (SD) or standard
error of the mean (SEM) and significance was declared at
p<0.05.

Table 1 Basic general and clinical data of all participants
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3 Results

3.1 Baseline characteristics of participants

Table 1 presents an overview of the fundamental infor-
mation and clinical characteristics of both the healthy
population and CAD patients. Among the 91 patients
diagnosed with stable CAD, there were 59 males and 32
females, with a mean age of 57.59+10.41 years. Com-
paratively, in the group of 91 healthy controls, there
were 54 males and 37 females, with a mean age of
56.10+8.25 years. Notably, there were no significant
(p>0.05) differences observed in baseline characteristics,
including age, gender, hypertension, BMI, diabetes mel-
litus, smoking, and blood lipid profile (triglycerides, total
cholesterol, and HDL-C), between the two groups. These
results provide more evidence that the baseline features
of the control and CAD groups were similar.

3.2 Comparison of molecular, biochemical parameters

and monocyte subsets in healthy controls and CAD

patients
We first compared the molecular (miR-218 expression),
biochemical (LDL-C, CRP, PCSK9, TLR4, HMGBI, and
TNFa), and percentage of monocytes subsets [classical
(CM), intermediate (IM), non-classical (NCM)] in the
health controls and the CAD group. The results exhib-
ited that the CAD group had significantly (»<0.0001)
lower miR-218 expression and significantly higher levels
of PCSK9 (p<0.0001), inflammatory markers [HMGB1
(»<0.05), CRP (p<0.05), TLR4 (»p<0.0001), and TNFa
(»<0.0001)], and IM% (p<0.0001) than the control
group. However, no significant (p>0.05) difference was
found in CM%, NCM%, and LDL-C between the two
groups (Fig. 1).

Next, we compared these parameters in healthy
controls and the three subgroups of the CAD groups:
no-statin (NS, n=25), low-statin (LS, n=25), and
high-statin (HS, n=41) groups. As presented in Fig. 2,

Baseline characteristics Control group (n=91) CAD group (n=91) p value
Age (mean +SD, years) 56.10+8.25 57.59+1041 0.547
Gender (male/female) 54/37 59/32 0.401
Hypertension (yes/no) 26/65 30/61 0.523
BMI (mean £SD, kg/mz) 23.82+393 26.00+4.37 0316
Diabetes mellitus (yes/no) 10/81 15/76 0370
Smoking (yes/no) 28/63 40/51 0.228
Triglycerides (mean + SEM, mg/dL) 141.84+16.01 14546+ 1537 0.8706
Total cholesterol (mean +SEM, mg/dL) 161.98+16.72 169.07 +16.50 0.796
HDL-C (mean+SEM, mg/dL) 53.29+4.12 46.33+£5.69 0.187

BMI Body mass index, CAD Coronary artery disease, HDL-C High-density lipoprotein cholesterol, SD Standard deviation, SEM Standard error of the mean
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Fig. 1 Comparison of molecular (miR-218 expression), biochemical parameters (LDL-C, CRP, PCSK9, TLR4, HMGB1, and TNFa) and monocytes
subsets (CM%, IM%, and NCM9%) in controls and CAD patients as analyzed by t-test. Relative expression of miR-218 was determined in peripheral
blood by real-time PCR. Serum levels of LDL-C, CRP, PCSK9, TLR4, HMGB1, and TNFa were detected by ELISA. CM%, IM%, and NCM% were quantified
using flow cytometry as will be detailed in Fig. 3. Data were expressed as mean =+ SD, n=91/group. Significant levels were set at *p <0.05,

and ****p <0.0001. CAD Coronary artery disease, Cnt Control

LS and HS groups had significantly (p <0.0001) lower
miR-218 expression, LDL-C levels, and inflammatory
markers (HMGB1, CRP, TLR4, and TNFa) and signifi-
cantly higher levels of PCSK9 than NS. The HS group
exhibited significantly lower miR-218 expression
(»p<0.0001), LDL-C levels (p<0.05), inflammatory
markers [HMGB1 (p <0.0001), CRP (p<0.05), TLR4
(p<0.0001), and TNFa (p <0.0001)] and significantly

higher PCSK9 levels (p <0.0001) than the LS group.
However, no significant (p>0.05) changes in IM%
among statin (LS or HS) and NS groups. Figure 3
shows representative flow cytometry scattered plots
distinguishing % of monocyte subset in each group.
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Fig. 2 Comparison of molecular (miR-218 expression), biochemical parameters (LDL-C, CRP, PCSK9, TLR4, HMGB1, and TNFa) and monocytes
subsets (CM%, IM%, and NCM9%) in controls and the three subgroups of CAD patients (NS, LS, and HS) as analyzed by one way ANOVA. Data
were presented as mean +SD. Number of samples were 91, 25, 25, and 41 in the control, NS, LS, and HS groups, respectively. Values with different
superscript letters, with “a”and “d" referring to the highest and lowest values, respectively, were significantly different at p<0.05. All groups were
compared to each other. Cnt Control group, HS High stain group, LS Low stain group, HS High stain group

3.3 Correlation between miR-218 expression and other
CAD-related parameters in statin and non-statin CAD
patients

Figures 4 and 5 depict the results of the correlation

between miR-218 expression and CAD-related bio-

chemical parameters, including LDL-C, CRP, PCSK9,

TLR4, HMGBI, TNFa, and monocytes subsets, using

the Pearson correlation coefficient. In general, miR-
218 expression significantly and negatively correlated
with levels of PCSK9, HMGB1, CRP, TLR4, and TNF«
in the three CAD groups, while this expression exhib-
ited a significantly negative correlation with CM%,
IM%, and NCM% only in the NS group. As detailed in
Fig. 4, miR-218 expression significantly and negatively
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Fig. 3 Representative flow cytometry scattered plots distinguishing % of monocyte subset in each group. In each group, the left image refers
to the forward (FSC-A) and sideward (SSC-A) scatter profile while the right image displays monocyte subsets based on CD14 and CD16 surface

markers. HS High statin group, LS Low statin group, NS No-statin group

correlated with levels of PCSK9 (r= —0.679, p <0.001
in the NS group; r=—0.5048, p<0.05 in the LS
group; r= —0.3934, p<0.05 in the HS group), levels
of HMGB1 (r= —0.6452, p<0.001 in the NS group;
r=—0.4095, p<0.05 in the LS group; r= —0.5072,
»<0.001 in the HS group), levels of CRP (r= —0.6568,
»<0.001 in the NS group; r= —0.4535, p <0.05 in the
LS group; r= —0.4524, p<0.01 in the HS group), and
levels of TLR4 (r= —0.6632, p <0.001 in the NS group;
r=—0.5539, p<0.01 in the LS group; r= —0.4760,
p<0.01 in the HS group). However, no significant
correlation was noticed between miR-218 expression
and LDL-C (r=-0.4095, p>0.05 in the NS group;
r= —0.04923, p>0.05 in the LS group; and r=0.2358,
p>0.05 in the HS group).

As depicted in Fig. 5, miR-218 expression also signif-
icantly and negatively correlated with levels of TNFa
(r=-0.7379, p<0.0001 in the NS group; r= — 0.4060,
»<0.05 in the LS group; r= —0.4473, p<0.01 in the
HS group). Regarding the correlation between miR-
218 expression and monocytes subsets (Fig. 5), only
the NS group exhibited significantly negative cor-
relations between miR-218 expression and CM%
(r=-0.4993, p<0.05), IM% (r=—0.5835, p<0.01),
and NCM% (r= —0.5860, p<0.01). However, in the
statin groups (LS and HS) miR-218 expression did
not significantly correlate with CM% (r= —0.05696,

p>0.05 in the LS group; r=—-0.1954, p>0.05 in
the HS group), IM% (r=0.03971, p>0.05 in the LS
group; r=0.2334, p>0.05 in the HS group) or NCM%
(r=0.2808, p>0.05 in the LS group; and r= —0.01412,
»>0.05 in the HS group).

3.4 Association between miR-218 expression and other
CAD-related parameters in statin and non-statin CAD
patients

The results of multivariable linear regression between

miR-218 expression and the serum levels of the five

independent variables (PCSK9, HMGB1, CRP, TLR4,
and TNFa) in the total statin (LS + HS) group were pre-

sented in Table 2. These data revealed the existence of a

multiple correlation between the miR-218 and the five

independent variables (R =0.884, R>=0.782, F=42.979,
p<0.01). Moreover, there was a significant association

between miR-218 and PCSK9 levels (Beta= —0.875,

p<0.01) suggesting that PCSK9 serum levels could

affect miR-218 expression in the total statin (LS+ HS)
group provided that all other independent variables

(HMGBI1, CRP, TLR4, and TNFa were constant. Addi-

tionally, we used progressive multiple regression analy-

sis (simplified model) to find out the most influential
independent variables on the miR-218 expression in
the total statin group and found that serum levels of
significantly PCSK9 and CRP correlated with miR-218
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Table 2 Multivariable linear regression analysis between miR-
218 and the independent variables in the total statin group
(HS+LS)

Independent Beta Explained variance
variables
Complete Simplified Cumulative % %
model model
PCSK9 —-0.875%* —0.854** 724 724
HMGB1 -0.137 - - -
CRP 0.266 0.234** 779 55
TLR4 0.058 - - -
TNFa 0.039 - - -
R 0.884 0.883 - -
R2 0.782 0.779 - -
F 42.979%* 111.281** - -

R, Multiple correlation coefficient, R2, Determination coefficient
*Significant level at p <0.05
**Significant level at p<0.01

Table 3 Multivariable linear regression analysis between miR-
218 and the independent variables in the NS group

Independent Beta Explained variance
variables
Complete Simplified Cumulative % %
model model
PCSK9 —-1.380 - - -
HMGB1 0.014 - - -
CRP —0447 —0.745%* 55.6 55.6
TLR4 —0.246 - - -
TNFa 0425 - - -
CM% -0352 - - -
IM% 0.447 - - -
NCM% 0.609 - - -
R 0.817 0.745 - -
R2 0.668 0.556 - -
F 4.022%* 28.747** - -

R, Multiple correlation coefficient, R2, Determination coefficient
**Significant level at p <0.01

expression (R=0.883, F=111.281, p<0.01). The value
of the determination coefficient (R?) was 0.779 which
means that these two variables alone explain 77.9% of
the miR-218 expression variance (72.4% due to PCSK9
and 5.5% due to CRP) where PCSK9 had a significant
negative effect (Beta= —0.854, p <0.01), and CRP had a
significant positive effect (Beta=0.234, p <0.01) on the
miR-218 expression (Table 2).

In the NS group (Table 3), we found a multiple cor-
relation between miR-218 expression and the serum
levels of eight independent variables, PCSK9, HMGBI,
CRP, TLR4, TNFa, CM%, IM%, and NCM%, (R=0.817,
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Table 4 Multivariable linear regression analysis between miR-
218 and the independent variables in the HS group

Independent Beta Explained variance
variables
Complete Simplified Cumulative % %
model model
PCSK9 0.402 - - -
HMGB1 —-0.585 —0.507** 257 257
CRP -0317 - - -
TLR4 -0.59 - - -
TNFa 0579 - - -
R 0.533 0.507 - -
R2 0.306 0.257 - -
F 3.086* 13.506** - -

R, Multiple correlation coefficient, R2, Determination coefficient
*Significant level at p <0.05
**Significant level at p <0.01

Table 5 Multivariable linear regression analysis between miR-
218 and the independent variables in the LS group

Independent Beta Explained variance
variables
Complete Simplified Cumulative % %
model model
PCSK9 —-1.025 - - -
HMGB1 -0.132 - - -
CRP -0.044 - - -
TLR4 -0444 —0.554** 30.7 30.7
TNFa 1.103 - - -
R 0.624 0.554 - -
R2 0.390 0.307 - -
F 2425 10.179** - -

R, Multiple correlation coefficient, R2, Determination coefficient
**Significant level at p <0.01

R?*=0.668, F=4.022, p<0.01) with CRP being the
most influential independent variable according to
progressive multiple regression analysis (R= —0.745,
R%2=0.556, F=28.747**, »<0.01). These results infer
that CRP alone explains 55.6% of the miR-218 expres-
sion variance and it had a negative effect on this
expression.

In the HS group (Table 4), miR-218 expression
was associated with the serum levels of five inde-
pendent variables, PCSK9, HMGB1, CRP, TLR4, and
TNFa (R=0.533, R?=0.306, F=3.086, p<0.05) with
HMGB1 being the most influential independent vari-
able according to progressive multiple regression
analysis (R=0.507, R*=0.257, F=13.506, p<0.01)
which means that HMGB1 alone explains 25.7% of
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the miR-218 expression variance and it had a signifi-
cant negative effect on this expression (Beta= —0.507,
p<0.01). However, in the LS group (Table 5), TLR4 was
the most influential independent variable (R=0.554,
R?=0.307, F=10.179, p<0.01) suggesting that TLR4
alone could explain 30.7% of the miR-218 expression
variance and it had a negative effect on this expression
(Beta= —0.554, p<0.01).

4 Discussion

It has been shown that miR-218 has positive effects on
the cardiovascular system such as promoting endothelial
cell renewal and blood vessel formation [42], and reduc-
ing inflammation [39]. Other factors such as PCSK9,
LDL-C, monocyte subtypes, and inflammatory markers
(HMGB]1, CRP, TLR4, and TNFa) are also linked to CAD
development, and they vary depending on whether the
patients take statins or not [41, 43, 44]. The relationship
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between miR-218 and these other CAD factors is not well
studied, particularly in patients who use or do not use
statins. Thus, this study aimed to investigate the relation-
ship between circulatory miR-218 expression and serum
levels of PCSK9, monocyte subtypes, and inflammatory
markers in statins and non-statins CAD patients. Over-
all, our findings showed that CAD patients who received
statins had a distinct negative relationship between miR-
218 expression and levels of PCSK9, HMGB], and TLR4,
and thus with the advancement of atherosclerosis. Fig-
ure 6 summarizes inflammatory mechanisms involved in
atherosclerosis and miR-218 effect.

We first compared the levels of CAD-related param-
eters miR-218, PCSK9, LDL-C, CRP, monocyte sub-
types (CM%, IM%, and NCM%), TLR4, HMGBI, and
TNFa between healthy controls and CAD patients.
CAD patients exhibited significantly higher serum lev-
els of PCSK9, CRP, IM%, TLR4, HMGBI, and TNF«

and secretion of
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Fig. 6 Inflammatory mechanisms involved in atherosclerosis and miR-218 effect. In the presence of circulating PCSK9, the LDL-R-LDL-C complex
is internalized into endothelial cells (ECs) and undergoes lysosomal degeneration. PCSK9, HMGB1, and Ox-LDL stimulate and bind to TLR4, which
induces the nuclear translocation of NF-kB in ECs thus increasing monocyte infiltration and the expression and secretion of proinflammatory
cytokines such as TNFa. TNFa influences the production and secretion of CRP and PCSK9 in the liver creating an endless loop of atherosclerotic
inflammation. LDL-C undergoes oxidation in the intima (Ox-LDL) and endothelial activation differentiates monocytes into macrophages

with scavenger receptors (SRs) on their surface. PCSK9 upregulates the expression of SRs. Ox-LDL is internalized into macrophages through SRs
under the influence of proinflammatory cytokines such as TNFa. Ox-LDL accumulation transforms macrophages into foam cells, releasing

more proinflammatory cytokines (TNFa) further augmenting atherosclerosis and inflammation. MiRNA-218 can relieve CAD symptoms

and atherosclerosis via suppressing HMGB1 and TLR4 and our study illustrated a novel negative correlation between miRNA 218 and PCSK9

in statin-treated CAD patients. ECs Endothelial cells, LDL-C Low-density lipoprotein cholesterol, LDL-R Low-density lipoprotein receptor, PCSK9
Protein proprotein convertase subtilisin/kexin 9, Ox-LDL Oxidized low-density lipoprotein, TNFa Tumor necrosis factor a, NF-kB Nuclear factor-kappa
B, CRP C reactive protein, TLR4 Toll-like receptor 4, SRs Scavenger receptors, HMGB1 High mobility group box 1, miR-218 MicroRNA-218
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and significantly lower expression of miR-218 than the
healthy controls. However, no significant difference was
noticed in LDL-C levels, CM%, and NCM%. Many other
previous studies support these findings [38, 39, 41, 43,
44].

We then split the CAD group into three subgroups
according to statin treatment: non-statin (NS), low sta-
tin (LS), and high statin (HS) groups. We wanted to see
if statin could affect the results of these 10 parameters.
Indeed, we found some differences between the NS and
statin (LS and HS) groups. LS and HS groups of CAD
patients showed significantly reduced miR-218 expres-
sion, LDL-C levels, and inflammatory markers (CRP,
TLR4, HMGB], and TNFa), and significantly increased
PCSK9 levels compared to the NS group. The HS group
had the least miR-218 expression and inflammatory
markers, and the most PCSK9 levels. The IM% results,
however, did not differentiate statin users from non-sta-
tin users. Similarly, Krychtiuk, et al. [41] reported that
CAD patients receiving statins possessed higher PCSKO9,
and lower LDL-C levels, with similar IM% compared to
those who did not receive statins. Despite this, they failed
to notice a noteworthy variation in CRP or TNFa. More-
over, various research demonstrated how statins affect
miRNAs [45, 46]. Three microRNAs were overexpressed
after hypercholesterolemic patients received atorvastatin
[47]. However, Saavedra, et al. [48] and Zambrano, et al.
[49] have found downregulated expression of miR20a-5p,
miR-17-3p, and miR-590-5p following atorvastatin treat-
ment in high-cholesterol patients. We and Gao, et al. [39]
also found a downregulation of miR-218 in CAD indi-
viduals. We also found that miR-218 is more reduced in
statin-treated patients which is a new novel finding.

Previous studies explored the relationship between
LDL-C, inflammatory markers (CRP, TLR4, HMGBI,
and TNFa), PCSK9, and CAD development in statins and
non-statins patients. However, the correlation between
miR-218 and each of these factors in statin and non-
statin patients is poorly understood. In all three CAD
groups, we observed a negative association between miR-
218 expression and PCSK9 and inflammatory marker
levels (CRP, TLR4, HMGBI1, and TNFa). Keeping all
other independent variables fixed, miR-218 expression
was significantly associated with levels of PCSK9 in the
total statin (LS +HS) group. Progressive multiple regres-
sion analysis revealed one significant variable (TLR4) in
the LS group and one significant variable (HMGB1) in
the HS group. These data infer that statins may influence
miR-218 and its relationship with other CAD-associated
factors in CAD patients. This could be attributed to sta-
tin’s anti-inflammatory potential [50]. Statins can repress
NF-«B and its downstream inflammatory cytokines such
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as IL-1B, IL-6, and TNFa [51]. Statins can also inhibit the
formation of the inflammatory marker CRP [52].

In the total statin group, the multivariable linear regres-
sion analysis showed that Beta for PCSK9 was significant
which means that PCSK9 serum levels could affect the
expression of circulatory miRNA-218 provided that all
other independent variables are constant. According to
the progressive multiple regression analysis (stepwise) in
the total statin group, PCSK9 only accounted for 72.4%
of miR-218 variance, and PCSK9 was the most important
negative independent factor that influenced miR-218 in
statin-treated patients among other CAD-related factors.
This strong negative relationship might result from sta-
tin intake, as more statins raise PCSK9 and lower miR-
218, or due to the contrasting effects of miR-218 and
PCSK9 on the target inflammatory pathway (CRP, TLR4,
HMGB], and TNFa), which they inhibited and activated,
respectively. One mechanism by which statins lower
LDL-C levels is by raising hepatocyte surface LDL-R
expression; however, this action is accompanied by a rise
in SREBP-2 activity, which in turn increases circulating
PCSK9 protein [53]. Our study showed that statins not
only increase PCSK9 but may also decrease miR-218
expression which may be due to the negative effect that
PCSK9 has on miR-218 expression. A remaining ques-
tion is how PCSK9 causes an inflammatory response.
People with systemic inflammatory disorders have been
found to have elevated PCSKO9 levels [54]. PCSKO triggers
the production of proinflammatory cytokines by activat-
ing TLR4, which then switches on and moves NF-kB, a
transcription factor for many inflammatory cytokines,
to the nucleus [55]. All of which may further explain
the negative effect that PCSK9 has on miR-218 expres-
sion as both of them work on the same inflammatory
pathways one inhibiting (miR-218) via blocking TLR4
[37] and the other one (PCSK9) by activating TLR4 and
its downstream target NF-kB [14, 43]. PCSK9 can also
induce inflammation through the activation of scaven-
ger receptors in monocytes, which in turn increases the
absorption of the inflammatory marker ox-LDL [43].
PCSK9-induced inflammation affects vascular stability
and activates atherosclerotic plaques which attract and
infiltrate more monocytes from the blood (Punch et al.,
2022; Ruscica et al., 2019). PCSK9’s inflammatory effects
on CAD development are not related to LDL-R regula-
tion only [44].

Interestingly, we also found that TLR4 is the most influ-
ential negative cofactor on miR-218 expression in the LS
group as evidenced by progressive multiple regression
analysis which revealed that TLR4 alone explains 30.7%
of miR-218 variance. In support, miR-218 was downregu-
lated in CAD patients, and it has the potential to decrease
plaque through inhibition of TLR4 [37]. On the other
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hand, statins can down-regulate TLR4 and NF-«B activ-
ity, resulting in less secretion of inflammatory cytokines
such as TNFa, IL-6, and IL-1P [56]. Remarkably, low-
intensity statin did not completely diminish the relation-
ship between TLR4 and miR-218 but high-intensity statin
did. In support, atorvastatin (high-intensity statin) affects
atherosclerotic plaque by regulating lipid levels and
inhibiting the TLR4/NF-kB signaling pathway [57].

The HS group’s progressive multiple regression anal-
ysis revealed that only HMGBI1 accounted for 25.7%
of miR-218 variance and had a negative impact on
it. In support, Gao et al. [39] suggested that miR-218
may block HMGBI thus reduce cardiac microvascu-
lar endothelial cells injury induced by coronary artery
disease. HMGBI1 is an inflammatory mediator that is
involved in many cardiovascular diseases including
atherosclerosis [58—60]. The release of pro-inflamma-
tory mediators, such as TNFa, IL-8, and CRP can be
induced by HMGB1 [17, 61]. HMGBI1 inflammatory
effect is mediated through its receptors such as TLR4
[62]. The anti-inflammatory impact of statins against
the heart and vascular damage is mediated by inhibit-
ing HMGBI release [63, 64]. Statins can inhibit the for-
mation of NLRP3 inflammasome by blocking HMGB1
release [65]. An explanation for HMGBI1 being more
dominant than TLR4 in the HS group is that a high
statin dose suppresses TLR4. In support, Shen et al.
[57] reported that atorvastatin affects the TLR4/NF-kB
signaling pathway, lowers TLR4 production, controls
lipid levels, and impacts atherosclerotic plaque. Yang
et al. [56] also found that atorvastatin can suppress
TLR4 at both the transcriptional and protein level
resulting in declined inflammatory cytokines from
LPS-treated monocytes. We also observed a declined
TNFa concentration in the HS group. On the other
hand, progressive multiple regression analysis in the
NS group showed that the inflammatory marker CRP
alone explains 55.6% of the miR-218 effect and it had a
negative effect on it. These outcomes might be linked
to the anti-inflammatory potential of miR-218 as sup-
ported by Gao, et al. [39] who discovered that miR-218
expression reduced inflammation in CMEC cells dam-
aged by CAD by suppressing HMGBI expression.

There is substantial evidence that statin medication
can reduce cholesterol levels, but there are some dis-
advantages when used as a sole therapy [66]. Long-
lasting statin doses could cause some side effects
such as muscle pains in some patients [67, 68]. Some
other patients had a lower response and a higher car-
diovascular risk with significant atheroma growth
[69]. Because of these side effects, finding novel meth-
ods to reduce lipids is essential. PCSK9 reduces sta-
tin effectiveness by inducing lysosomal degradation
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of LDL-R [70]. Consequently, lowering lipids may be
best accomplished with a combination of statins and
PCKS9 inhibitors [41]. We found that miR-218 in sta-
tin-treated CAD individuals have a unique negative
correlation with PCSK9, HMGB1, and TLR4, and sub-
sequently with CAD progress. Therefore, it could be
recommended to combine activators of miR-218 and
inhibitors of PCSK9, HMGBI, and TLR4 with statin to
efficiently treat CAD.

5 Conclusions

Statin-treated CAD patients have a unique nega-
tive correlation between miR-218 expression and lev-
els of TLR4, HMGB1, and PCSK9, and subsequently
with atherosclerosis progress. This result implies that
miR-218 agonists and inhibitors of PCSK9, TLR4, and
HMGB1 could be a promising treatment approach for
CAD patients.
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