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Abstract: Objective: To explore the changes in miR-221 and miR-222 before and after interventional therapy of
coronary heart disease and their relationship with inflammatory factors and prognosis. Methods: A total of 122
subjects with coronary heart disease who underwent interventional therapy in our hospital from January 2017 to
January 2019 were chosen as the observation group, and 122 healthy people during the same period were chosen
as the control group. We retrospectively analyzed the levels of serum miR-221, miR-222, C-reactive protein (CRP),
tumor necrosis factor alpha (TNF-α) and interleukin 6 (IL-6). Pearson correlation analysis was used to reveal the
relationship between serum levels of miR-221, miR-222 and CRP, TNF-α and IL-6, N-terminal B-type brain natriuretic
peptide precursor (NT-proBNP) and left ventricular ejection fraction (LVEF%) in the observation group. The levels of
serum miR-221, miR-222, TNF-α, CRP and IL-6 before and after treatment were compared in the observation group.
After a follow-up of 6 months, the observation group was divided into a poor-prognosis group (26 cases) and a
good-prognosis group (96 cases) according to whether there was an adverse cardiovascular event or not. The levels
of serum miR-221 and miR-222 before and after intervention treatment were compared between the two groups.
And the clinical values of miR-221 and miR-222 levels before and after intervention treatment in the observation
group were analyzed by the ROC curve. Results: The levels of serum miR-221, miR-222, CRP, TNF-α, and IL-6 in the
observation group were markedly higher than those of the control group. And levels of serum miR-221, miR-222
were negatively correlated with LVEF% while positively correlated with CRP, TNF-α, IL-6 and NT-proBNP (P<0.05).
After treatment, the levels of miR-221, miR-222, CRP, TNF-α, and IL-6 in the observation group were significantly
reduced (all P<0.05). Compared with the good prognosis group, the levels of miR-221 and miR-222 before and
after treatment were markedly higher in the poor prognosis group (all P<0.05). Both before and after treatment, the
levels of miR-221 and miR-222 have certain clinical value in evaluating the prognosis (all AUC>0.800). Conclusion:
The levels of miR-221 and miR-222 in patients with coronary heart disease significantly increased and they were
closely correlated with the inflammatory factors, NT-proBNP and LVEF%. The levels of miR-221 and miR-222 before
and after treatment have certain clinical value in evaluating the prognosis of patients.
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Introduction
Coronary heart disease is a type of common
cardiovascular and cerebrovascular diseases
caused by atherosclerosis (AS). Its basic pathological principle is coronary AS, which promotes

the accumulation of lipid on the intima of the
artery to form plaques. A large increase of
plaques will further narrow or even block the
arterial lumen, resulting in blocked blood flow,
myocardial ischemia, hypoxia, or necrosis, which can lead to angina pectoris [1-3]. It has been
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shown that coronary heart disease has a high
disability rate and mortality rate. Meanwhile, its
incidence rate is also rising, which seriously
affects human health [4]. At present, a main
clinical therapy for coronary heart disease
is percutaneous coronary intervention (PCI).
However, because of the complexity of disease conditions and the presence of comorbidities, the prognosis of coronary heart disease is
poor. Researchers have found that about 35%
of patients will still have clinical manifestations
of cardiac ischemia in the next 5 years [5-7].
Therefore, we explored whether there is a specific biomarker contributing to the diagnosis,
treatment, and prognosis prediction of coronary heart disease. MicroRNA (miR) is a group
of endogenous non-coding small RNA molecules, which are specifically expressed in cardiomyocytes and are closely related to the
occurrence and development of cardiovascular
diseases such as myocardial infarction, heart
failure, and arrhythmia [8-10]. miR-221/miR222 is widely present in human cells and tissues and is specifically highly expressed in
endothelial cells. miR-221 and miR-222 have
been closely associated with the occurrence
and development of tumors and may also be
involved in the process of AS and ischemic
cardiovascular and cerebrovascular diseases
[11, 12]. However, there are still few reports
on its changes before and after coronary intervention and its roles in inflammatory response
and prognosis evaluation. Here, we aim to provide relevant evidence for clinical evaluation of
prognosis by exploring the changes of miR-221
and miR-222 before and after intervention therapy of coronary heart disease and their correlation with inflammatory factors and prognosis.
Materials and methods
Subject
One hundred and twenty-two patients with coronary heart disease who received interventional treatment in The Second People’s Hospital of
Liaocheng from January 2017 to January 2019
were chosen as the observation subjects, and
122 healthy people were chosen as the control
group during the same period. All research subjects and their families had agreed and signed
the consent form. This study was approved by
the Ethics Committee of The Second People’s
Hospital of Liaocheng.
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Inclusion and exclusion criteria
Inclusion criteria: (1) Patients meeting the diagnostic criteria for coronary heart disease [13].
(2) Patients who met the indications for interventional therapy and received interventional
therapy [13]. (3) Patients of whom the onset
time ≤12 h; (4) patients without interventional
therapy before.
Exclusion criteria: (1) those who have undergone surgery before; (2) patients with severe
important organ dysfunction; (3) those who
were pregnant or lactating; (4) those with neurological or mental abnormalities; (5) those
who may have other acute inflammatory reaction diseases in the near future.
Methods
When the observation group was enrolled, the
left ventricular ejection fraction (LVEF%) of the
two groups of patients before and after treatment was detected by ACUSONS2000 color
doppler diagnostic instrument (Siemens, Germany). For the control group, 2 tubes of 5 mL
venous blood were took in the next morning
before breakfast. For the observation group, 2
tubes of 5 mL venous blood were took 2 h
before operation and 24 h after operation.
One tube was centrifuged at 3000 r/min for 5
min to separate the serum. Chemiluminescence method (Elecss-2010 electrochemiluminescence immunoassay analyzer, Roche) was used
to evaluate the level of N-terminal B-type brain
natriuretic peptide precursor (NT-proBNP). Immunoturbidimetry (Roche/Hitachi cobasc501
analyzer, Swiss Roche) was used to detect the
level of C-reactive protein (CRP), and enzymelinked immunosorbent assay (Spectra-Max Paradigm multifunctional microplate reader, Molecular Devices, USA) was used to detect the
level of interleukin 6 (IL-6) and tumor necrosis
factor alpha (TNF-α). For another tube, RNA
extraction kit was used to extract peripheral
blood RNA. Then reverse transcription reaction
was performed according to reverse transcription kit, and RT-PCR experiment was carried out
according to the instructions of SYBR RT-PCR
kit (Hangzhou Bori Technology Co., Ltd., China).
The reaction system was listed as follows: predenaturation at 95°C for 30 s, 95°C for 5 s,
60°C for 30 s, and 35 cycles. The relative
expression level of miR-221 and miR-222 in
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Table 1. Primer sequences
Primers
miR-221 upstream
miR-221 downstream
miR-222 upstream
miR-222 downstream
U6 upstream
U6 downstream

Sequences
GGGATGAACCTGGCATACAA
CTACCTGGAAACATGTTCTC
GTTCGTGGGAGCTACATCTGGC
GTGTCGTGGAGTCGGCAATTC
CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT

_
Table 2. General information of two groups (n, ( x ± sd))
Characteristics

Observation
group (n=122)
58.3±6.8

Control group
(n=122)
57.8±7.1

t/χ2

P

Age (years)
0.562 0.575
Gender (n)
0.068 0.795
Male
71
73
Female
51
49
BMI (kg/m2)
22.73±3.12
22.91±3.42
0.480 0.632
Systolic BP (mmHg)
129.11±14.47 129.83±13.94 0.386 0.700
Diastolic BP (mmHg)
74.52±11.46 75.11±12.34 0.395 0.693
Heart rate (bpm)
73.42±9.42
73.15±9.21
0.252 0.801
Smoking history (n)
0.082 0.775
Yes
35
33
No
87
89
Drinking history (n)
0.170 0.680
Yes
31
28
No
91
93
Hypertension history (n)
0.166 0.683
Yes
42
39
No
80
83

each group was measured by 2-ΔΔCt method.
The internal reference was U6. Each sample
was repeated three times and the average
value was taken. The primers were synthesized by Beijing Dingguo Biotechnology Co, Ltd.,
China. The sequences of primers were shown
in Table 1. The observation group was followed up 6 months after surgery, and the observation group was divided into a poor-prognosis
group and a good-prognosis group according
to whether there were adverse events. Adverse
events were defined as cardiovascular events
such as stent thrombosis, restenosis, acute
myocardial infarction, or death [13].
Outcome measures
Serum miR-221, miR-222, CRP, TNF-α and IL-6
levels in two groups were analyzed. Pearson
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correlation method was adopted to evaluate the relation
between serum levels of miR221, miR-222 and CRP, TNFα, IL-6, NT-ProBNP, and LVEF% in the observation group. The levels of miR-221,
miR-222, TNF-α, CRP and IL-6
in the observation group were
compared before and after
treatment. The levels of miR221 and miR-222 before and
after treatment were compared between the poor-prognosis group and the good-prognosis group. The clinical value
of miR-221 and miR-222 levels before and after treatment in the observation group was evaluated by ROC
curve.
Statistical analysis

We adopted SPSS 22.0 to
carry out statistical analysis.
The numeration data were represented by the number of
cases and percentage (n, %),
and those in accordance with
the normal distribution were
represented by the _mean ±
standard deviation ( x ± sd).
In addition, the t-test was adopted to compare the measurement data between groups, and the χ2
test was adopted to compare the numeration
data. Meanwhile, Pearson Correlation Coefficient was used for correlation analysis. For the
observation group, ROC curve was drawn to
evaluate the clinical value of miR-221 and miR222 levels before and after treatment in evaluating prognosis. P<0.05 was regarded as statistically significant.
Results
Characteristics
It was showed that no statistically significant
difference existed between the two groups in
terms of age, gender, and other general characteristics (all P>0.05). So, these two groups were
comparable. For details, see Table 2.
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Table 3. Comparison of the levels of inflammatory factors, miR-221 and miR-222 ( x ± sd)
Groups
Observation group (n=122)
Control group (n=122)
t
p

CRP (mg/L)
9.17±1.24
0.48±0.21
76.320
<0.001

IL-6 (ng/L)
7.76±1.43
3.22±0.81
30.512
<0.001

TNF-α (ng/L)
9.58±1.27
3.08±0.64
50.483
<0.001

miR-221
7.02±2.58
1.01±0.24
25.619
<0.001

miR-222
6.17±2.51
1.04±0.22
22.489
<0.001

Note: CRP: C-reactive protein; IL-6: interleukin 6; TNF-α: tumor necrosis factor alpha.

Table 4. Correlation between the levels of miR-221 and miR-222 and the
levels of various indicators (r)
Indicators
miR-221
r
P
miR-222
r
P

CRP (mg/L)

IL-6 (ng/L)

TNF-α (ng/L)

NT-proBNP
(pg/mL)

LVEF%

0.287
<0.001

0.319
0.012

0.326
<0.001

0.394
<0.001

-0.293
<0.001

0.315
0.003

0.295
<0.001

0.275
<0.001

0.288
0.007

-0.234
<0.001

Note: CRP: C-reactive protein; IL-6: interleukin 6; TNF-α: tumor necrosis factor alpha;
NT-proBNP: N-terminal B-type brain natriuretic peptide precursor; LVEF%: left ventricular
ejection fraction.

Table
5. Changes in the levels of indicators before and after treatment
_
( x ± sd)
TNF-α
miR-221
miR-222
(ng/L)
Before treatment 9.17±1.24 7.76±1.43 9.58±1.27 7.02±2.58 6.17±2.51
After treatment
5.81±1.98 3.44±1.85 6.02±1.23 4.69±2.40 3.83±2.17
t
15.886
20.407
22.241
7.304
7.790
p
<0.001
<0.001
<0.001
<0.001
<0.001
Groups

CRP (mg/L) IL-6 (ng/L)

Note: CRP: C-reactive protein; IL-6: interleukin 6; TNF-α: tumor necrosis factor alpha.

Table 6. Comparison of miR-221 and miR-222 levels between the poorprognosis group and the good-prognosis group before and after treat_
ment ( x ± sd)
miR-221
Before
After
treatment treatment
Poor-prognosis group (n=26) 9.99±2.82 7.80±2.57
Good-prognosis group (n=96) 6.22±1.82 3.85±1.50
t
8.256
10.053
P
<0.001
<0.001
Groups

Comparison of the levels of inflammatory factors, miR-221 and miR-222 between the two
groups
Compared with the control group, the levels of
CRP, IL-6, TNF-α, miR-221 and miR-222 in the
observation group were significantly higher (all
P<0.001), as shown in Table 3.
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miR-222
Before
After
treatment treatment
8.66±3.02 6.50±2.54
5.50±1.87 3.11±1.35
6.623
9.188
<0.001
<0.001

Correlation between
the levels of miR-221,
miR-222 and the levels
of various indicators in
the observation group
In the observation group, the levels of miR221 and miR-222 were negatively correlated
with LVEF%, while positively correlated with
CRP, TNF-α, IL-6, and
NT-proBNP (all P<0.05),
as shown in Table 4.
Changes in the levels of
indicators before and
after treatment in the
observation group
After treatment, the levels of miR-221, miR222, CRP, TNF-α, and
IL-6 in the observation
group decreased (all
P<0.05), as shown in
Table 5.
Comparison of miR-221
and miR-222 levels between the poor-prognosis group and the goodprognosis group before
and after treatment

Compared with the good-prognosis group, the
levels of miR-221 and
miR-222 before and after treatment were markedly higher in the poorprognosis group (all P<0.05). The results were
displayed in Table 6.
Results of ROC curve
Results of ROC curve showed that in the observation group, the levels of miR-221 and miRAm J Transl Res 2021;13(4):3731-3737
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Table 7. Results of ROC curve
Indicators
miR-221 (Before treatment)
miR-221 (After treatment)
miR-222 (Before treatment)
miR-222 (After treatment)

Cut-off point
7.341
5.099
6.469
4.211

AUC
0.873
0.918
0.812
0.898

95% CI
0.797, 0.948
0.862, 0.974
0.718, 0.907
0.837, 0.960

Sensitivity
0.846
0.885
0.769
0.846

Specificity
0.823
0.854
0.792
0.844

injury is regarded as the major risk factor for the progress
of AS. Endothelial progenitor cells (EPCs) can maintain
endothelial homeostasis and
achieve vascular repair through reendothelialization and
angiogenesis. The decrease of
EPCs in the body can cause
vascular inflammation.

Figure 1. ROC curve results.

222 before and after treatment had certain
clinical value in evaluating the prognosis (all
AUC>0.800). Table 7 and Figure 1 showed the
results.
Discussion
MiRNA participates in biological processes,
such as cell differentiation and proliferation,
and its abnormalities are often closely related
to various diseases, such as coronary heart
disease and heart failure. Researches have
revealed that miRNA influences the occurrence
and development of coronary heart disease by
participating in gene regulation of major cell
functions [14, 15]. Therefore, exploring the
expression of miRNA in patients with coronary
heart disease is vital to the diagnosis, treatment, and prognosis of coronary heart disease.
MiR-221/222 are two miRNAs with the same
sequence, which are involved in angiogenesis,
blood cell growth, malignant tumor development and other processes, and are abnormally
expressed in various diseases [16]. Endothelial
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In this study, we found that
the amount of EPCs in patients with coronary heart disease is negatively correlated
with the level of miR-221/
222. MiR-221/222 can mediate multiple target genes, such as c-kit, E-box binding zinc
finger protein 2, transcription
factor ETs1/2 etc., to play
an anti-angiogenic effect [17].
The arterial intima is mainly composed of
VSMC, and VSMC can affect wound healing,
vascular injury, and other processes by mediating vascular proliferation. During intimal hyperplasia, VSMC proliferates actively, and thickens
the arterial wall by migrating to the intima. The
abnormal proliferation of VSMC is often closely
related to the formation of AS. It was found in a
previous study that miR-221/222 is overexpressed in VSMC, which could promote the proliferation of VSMC and inhibit the function of
EPCs to play a role [18]. In this study, it was
showed that compared with the normal population, the level of miR-221/222 in patients
with coronary heart disease increased, and it
was closely related to LVEF% and NT-proBNP.
However, after interventional therapy, the level
of it has decreased. Compared with patients
with good prognosis, patients with poor prognosis still showed a higher level of miR-221/222.
AS is considered to be the main pathological
basis for the development of coronary heart
disease, and the essence of AS is a chronic
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inflammatory process. In the present study, we
found that the inflammatory response was involved in the occurrence and development of
AS and thrombosis [19, 20]. At present, PCI
surgery has been widely used in the treatment
of coronary heart disease. While improving coronary artery disease, it may also cause intimal detachment, tearing, plaque rupture, etc.,
which may lead to damage and inflammatory
reaction of the blood vessel wall, resulting in
the abnormal structure and function of vascular endothelium. It can even cause myocardial
damage and necrosis in severe cases. CRP is
a type of acute phase inflammatory response
protein, which have characteristics of early appearance and rapid rising and sensitively reflect the body’s inflammation and stress state.
When an infectious disease or inflammatory
reaction occurs in the body, CRP levels will rise
to varying extents [21]. IL-6 contributed greatly
to the development of atherosclerosis. It could
be caused by humoral immunity, cellular immunity, etc., which leads to tissue function damage and even AS. Meanwhile, it also has a certain correlation with plaque stability. TNF-α is
mainly produced by macrophages and monocytes and has a wide range of biological properties. The level of TNF-α in the body is positively
correlated with carotid intima thickness and
age-related AS and is involved in the formation
of AS. The possible mechanism is promoting
LDL-C overexpression and reducing the level of
HDL-C. At the same time, it can also induce
the apoptosis of vascular endothelial cells and
stimulate the expression of vascular endothelial factors, causing abnormal vascular endothelial function and the formation of thrombosis.
The results of this study showed that the levels of CRP, IL-6 and TNF-α in patients with coronary heart disease were significantly higher
than those in the normal population. After treatment, the inflammatory response in patients
with coronary heart disease was reduced.
Studies have confirmed that miRNA is closely
related to the AS-mediated inflammatory response process. Meanwhile, Other studies
have found that during the AS inflammatory
response involving macrophages, miR-21, miR210, and miR-147 increased significantly [22].
It was revealed in this study that miR-221/222
was positively correlated with the levels of
inflammatory factors such as CRP, IL-6 and
TNF-α in patients with coronary heart disease,
which also suggested that miR-221/222 could
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be involved in the inflammatory process mediated by patients with coronary heart disease.
The study further explored the evaluation value
of miR-221/222 in the prognosis of patients
with coronary heart disease. The results showed that before and after treatment, the level of miR-221/222 has certain clinical value in
evaluating the prognosis of patients with coronary heart disease. It also provided new ideas
for the clinical evaluation of postoperative prognosis.
In summary, the levels of miR-221 and miR-222
in patients with coronary heart disease increased significantly, and those indicators were
closely related to inflammation factors, NTproBNP, and LVEF%. Moreover, the levels of
miR-221 and miR-222 before and after treatment have certain clinical values in evaluating
the prognosis of patients. However, there were
still some limitations in this study, such as nondynamic observation of the changes of various
indicators, single sample source, single center,
etc. Thus, it needs further investigation.
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