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Background: Myocardial damage and decreased ventricular function are risk factors leading to a bad
prognosis in patients with essential hypertension (EH). MicroRNAs play important roles in myocardial
function impairment in patients with hypertension. The purpose of our research was to investigate the
correlation between serum miR-122 and myocardial damage and ventricular functions in EH patients.
Methods: The clinic data of EH patients (group A, n=60) and healthy individuals (group B, n=60) from
December 2016 to December 2019 in our hospital were collected and analyzed. Serum miR-122, myocardial
damage markers [B-type brain natriuretic peptide (BNP), homocysteine (Hcy), cardiac troponin T (cTnT)
and creatine kinase MB isoenzyme (CK-MB)] and cardiac function indicators [ejection fraction (EF), left
ventricular septal thickness (IVST), left ventricular isovolumic relaxation time (IVRT), left ventricular end-
diastolic diameter (LVEDD), left ventricular posterior wall thickness (LVPWT), and left ventricular end-
systolic diameter (LVESD)] were assessed in both groups. The correlation between serum miR-122 and
myocardial damage markers and ventricular function indicators was analyzed.

Results: (I) The mean serum miR-122 concentration in group A and group B was 6.86+1.23 and
3.36+1.87 pmol/L, respectively. The serum miR-122 concentration in group A was evidently increased
compared with that in group B. (I) The levels of BNP, Hey, ¢TnT, and CK-MB in the peripheral blood
in group A were evidently increased compared with those in group B (P<0.05). (IIT) EF and IVRT were
evidently decreased in group A compared with that in group B (P<0.05). (IV) Serum miR-122 concentration
was positively correlated with the myocardial damage markers BNP, Hcy, ¢TnT and CK-MB, and serum
miR-122 concentration was negatively correlated with the ventricular function indicators EF and IVRT
but not significantly correlated with other ventricular function indicators IVST, LVEDD, LVPWT and
LVESD).

Conclusions: The serum miR-122 concentration in EH patients was higher than that in healthy individuals,
and miR-122 concentration was positively correlated with myocardial damage markers. Serum miR-122 level
was negatively correlated with the ventricular function indicators EF and IVRT but was not significantly
correlated with other ventricular function indicators IVST, LVEDD, LVPWT, and LVESD).
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Introduction

Essential hypertension (EH), with a high prevalence and
complication rates, is a major global health challenge.
Early diagnosis and treatment and effective control
of hypertension are essential for the prevention of
cardiovascular and cerebrovascular diseases. However,
the molecular mechanisms leading to the etiologies and
progression of EH remain unknown. For the last few years,
the morbidity of EH is increasing, which may be due to
improvements in living conditions and increases in the pace
and stress of life. In particular, although the diagnostic,
therapeutic, and control rates of EH in young people
are lower than those in elderly people, the prevalence of
EH in young people has increased (1,2). EH is a complex
disease, and it is imperative to diagnose EH at an early
stage to forbid subsequent complications. MicroRNAs
(miRNAs) a group of single-stranded RNAs with a length
of approximately 22 nucleotides and without coding
function. MiRNAs regulate the expression of target protein-
encoding genes at the post transcriptional level. One
miRNA could regulate many gene expression, and one gene
could be inhibited by many miRINAs. MiRNAs constitute
a very complex molecular regulatory network, which can
regulate the physiological and pathological processes of
various cardiovascular diseases, including hypertension.
Previous studies have confirmed that miRNAs, as key
regulatory molecules, can regulate a variety of physiological
pathological processes of cells, including cell proliferation,
cell differentiation, cell apoptosis, survival, activation and
morphogenesis. MiRNAs have been shown to regulate the
pathogenesis and progression of hypertension. MiRNAs
can affect the renin-angiotensin-aldosterone axis, and the
function of vascular endothelial cells and vascular smooth
muscle. Regulation of miRNA expression level in cells
is one of the potential new methods for the treatment of
hypertension. The miRNAs in blood can be new biomarkers
of EH, and the study of miRNAs can provide support for
the understanding of the pathogenesis of EH and provide
reference for the research and development of new drugs
for the treatment of EH (3). MiR-122 is a mammalian liver-
specific miRINA that targets the 3' untranslated region of
mRNA, thereby down-regulating the expression of high-
affinity cationic amino acid transporter-1 (Cat-1) (4,5).
The endothelial production of nitric oxide depends on the
substrate of Cat-1, L-arginine, which enhances the transport
of high-affinity Cat-1. Therefore, miR-122 can regulate the
transport of arginine by affecting the protein expression of
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high-affinity Cat-1, thereby affecting the synthesis of nitric
oxide (6,7). Endothelium-dependent nitric oxide-mediated
impairment of vasodilation is an important feature of EH
and may precede elevated blood pressure (8,9). Elevated
blood pressure can accelerate vascular aging, and early
diagnosis and intervention of vascular aging can prevent and
delay cardiovascular events (10). However, clinically, which
blood pressure parameters are associated with myocardial
damage and ventricular function is a controversial topic.
The purpose of our research was to analyze the correlation
between serum miR-122 and myocardial damage and
ventricular function. We present the following article in
accordance with the STROBE reporting checklist (available
at https://dx.doi.org/10.21037/jtd-21-677).

Methods
General information

All eligible EH patients in our hospital from December
2016 to December 2019 were selected as study subjects
(group A, n=60). In addition, healthy individuals who
underwent a physical examination during the same time
period and had no symptoms of EH were randomly selected
as control group from a same age range and sex ratio to
decrease bias (group B, n=60). All procedures performed in
this study involving human participants were in accordance
with the Declaration of Helsinki (as revised in 2013). This
study was approved by the ethics committee of the First
Affiliated Hospital of Wenzhou Medical University . All
patients signed an informed consent form. Number of
subjects, age, and blood pressure were similar between the

2 groups (P>0.05) (1able 1).

Inclusion and exclusion criteria

The inclusion criteria were as follows: met the diagnostic
criteria for EH in Chinese Guidelines for the Prevention
and Treatment of Hypertension 2010, i.e., under conditions
without antihypertensive drugs, brachial artery systolic
blood pressure (SBP) >140 mmHg and/or diastolic blood
pressure (DBP) >90 mmHg on >3 occasions, either
continuously or on different days; age between 28-65 years;
signed the informed consent form for this study; regular
physical examination performed in our hospital, with
complete clinical data; and completion of the study. The
exclusion criteria were as follows: secondary hypertension,
history of diabetes, chronic arrhythmia, severe liver,

7 Thorac Dis 2021;13(8):4999-5006 | https://dx.doi.org/10.21037/jtd-21-677


https://dx.doi.org/10.21037/jtd-21-677

Journal of Thoracic Disease, Vol 13, No 8 August 2021

Table 1 General information of the 2 groups (x+s)

5001

Parameters Group A Group B t p
Age (years) 48.56+4.89 43.23+3.53 -0.228 0.492
Body weight (kg) 67.66+12.76 69.57+£15.77 0.208 0.867
HDL-C (mmol/L) 1.17+0.25 1.43+0.27 2.889 0.459
HDL-C (mmol/L) 2.24+1.65 2.94+1.26 1.934 0.698
HDL-C, high density lipoprotein cholesterol.

kidney or hematological diseases, cardiovascular disease, difference.

systemic infection, connective tissue disease, malignancy,

thyroid disease, severe depression, dementia, chronic Results

inflammatory diseases, mental illness, drug use history; and
noncompletion of the experiment.

Main observation indicators

Fasting blood samples were collected from all participants.
All samples were stored at room temperature for at least
30 minutes to allow blood coagulation and then centrifuged
at 2,000 g for 15 minutes. Serum was collected and stored
at -80 °C until use. An EK003-80 (Phoenix Pharmaceuticals
Inc, Burlingame, CA, USA) was used to determine serum
concentrations of indicators. The levels of miR-122, brain
natriuretic peptide (BNP), homocysteine (Hcy) and cardiac
troponin T (¢TnT) were determined using an enzyme-
linked immunosorbent assay (ELISA). Chromatography
with fluorescence detection was used to determine the
level of creatine kinase MB isoenzyme (CK-MB). An
echocardiogram was performed by the same cardiac
sonographer using color Doppler ultrasound. Ejection
fraction (EF), left ventricular septal thickness (IVST), left
ventricular isovolumic diastolic time (IVRT), left ventricular
end-diastolic diameter (LVEDD), left ventricular posterior
wall thickness (LVPWT), and left ventricular end-systolic
diameter (LVESD) were recorded.

Statistical analysis

SPSS 22.0 software was used for the data analyses.
Measurement data are expressed as x+s. Comparisons
between 2 groups were performed using the independent
samples # test. Count data are expressed as (%). Correlations
between serum miR-122 and myocardial damage markers
and ventricular function was examined using the Pearson
correlation test. P<0.05 indicated a statistically significant
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Comparison of serum miR-122 concentration between the
2 groups

The average serum miR-122 concentration in group A
was 6.86+1.23 pmol/L, and the average serum miR-122
concentration in group B was 3.36+1.87 umol/L. The
serum miR-122 concentration in group A was significantly
higher than that in group B (¢=8.304, P<0.05).

Comparison of myocardial damage markers between the 2
groups

The comparison of the myocardial damage markers in the
2 groups indicated that the levels of BNP, Hey, ¢TnT and
CK-MB in the peripheral blood of patients in group A were

significantly higher than those in the peripheral blood of
individuals in group B (P<0.05) (Table 2).

Comparison of ventricular function between the 2 groups

The comparison of ventricular function between the 2 groups
indicated that EF and IVRT were both significantly lower in
group A than in group B (P<0.05). There were no significant
differences in IVST, LVEED, LVPW'T, and LVESD between
the 2 groups (P>0.05) (1able 3).

Correlation between serum miR-122 and myocardial
damage and ventricular function

The correlation analysis of serum miR-122 and myocardial
damage and ventricular function showed that serum
miR-122 concentration was positively correlated with
the myocardial damage markers BNP, Hey, ¢TnT and
CK-MB (r=0.845, 0.384, 0.537, and 0.587, P<0.05) and
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Table 2 Comparison of myocardial damage markers between the 2 groups (x+s)

Group Case number BNP (ng/L) Hcy (umol/L) cTnT (ng/L) CK-MB (mmol/L)
Group A 60 939.36+122.54 57.98+12.35 55.43+10.67 54.32+9.76
Group B 60 603.23+100.75 35.64+9.56 33.11+8.59 22.56+8.84

t 9.236 9.754 8.277 6.358

P <0. 05 <0. 05 <0. 05 <0. 05
BNP, brain natriuretic peptide; Hcy, homocysteine; cTnT, cardiac troponin T; CK-MB, creatine kinase MB isoenzyme.

Table 3 Comparison of ventricular function between the 2 groups (x+s)

Group EF (%) IVST (mm) IVRT (msec) LVEDD (mm) LVPWT (mm) LVESD (mm)
Group A 32.85+6.45 12.39+3.43 131.67+13.64 55.69+5.97 11.49+1.65 34.34+5.98
Group B 48.57+5.97 12.08+3.09 154.66+15.93 54.34+5.38 11.03+1.78 35.78+4.45
t 4.248 0.375 0.348 0.368 0.408

P <0.05 0.934 0.467 0.874 0.651

EF, ejection fraction; IVST, left ventricular septal thickness; IVRT, left ventricular isovolumic diastolic time; LVEDD, left ventricular
end-diastolic diameter; LVPWT, left ventricular posterior wall thickness; LVESD, left ventricular end-systolic diameter.

negatively correlated with the cardiac function indicators
EF and IVRT (r=-0.384 and -0.00184, P<0); there was
no significant correlation with other ventricular function

indicators (IVST, LVEDD, LVPW'T| and LVESD).

Discussion

Hypertension is one of the leading causes of cardiovascular
disease, including coronary artery disease, heart failure,
chronic kidney disease, peripheral vascular disease
and stroke (11). Among these affected organs and
tissues, subendocardial tissues are firstly damaged by
hypertension. Subendocardial damage has been started
even in asymptomatic condition. Thus, the changes of
subendocardial status could early predict the hypertension
induced cardiac damage (12). In hypertension condition,
subendocardial fibrosis is formed and the diastolic function
is impaired (13).

EH is a chronic and progressive cardiovascular disease.
The tissue damage already occurs in subclinical status.
Microalbuminuria could be observed in subclinical status
of EH. The level of urinary albumin excretion is associated
by blood pressure, 24h systolic values and left ventricular
function (14). In the early stage of EH, myocardial strain
values have been decreased and could be an indicator and
treatment target for EH (15). The left atrial function impair
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and stiffness are presented in EH patients (16). The left
ventricular deformation is also reduced in EH patient (17).
Thus, finding efficient diagnostic and prognostic indicators
and developing effective treatment strategies are of great
importance to prevent EH progression and cure EH.

The pathophysiological mechanism of hypertension is
very complex, which is a combination of environmental
factors, genetic factors and other factors. Although
numerous studies have been conducted, the molecular
mechanism is still not fully understood. In addition,
continuously elevated blood pressure manifests as
pathological changes in organs throughout the entire body,
i.e., target organ damage (18-21).

MiRNAs are small noncoding RNA molecules with
a length of approximately 22 nucleotides that act as
posttranscriptional regulators of gene expression (22). The
exact mechanism by which miRNAs induce translational
inhibition or mRNA degradation remains unclear.
Biologically, a single miRNA can target multiple genes, and a
single gene can be targeted by multiple miRNAs. Therefore,
miRNAs constitute a complex regulatory network that
controls the physiological and pathological processes of a
variety of cardiovascular diseases, including hypertension.
Researchers have focused on circulating miRNAs as novel
biomarkers of EH, and new insights into pathology have been
brought through the study of miRNAs. In 2008, researchers
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confirmed that miRNAs were found in human serum and
plasma samples (23). They have since been detected in a
wide range of biological fluids, including urine, saliva and
cerebrospinal fluid (24). Circulating miRNAs have many
features: they are very stable in blood, their concentrations
are within the range detectable by current technology, and
they often show tissue-specific expression; in addition, before
the physical symptoms of a disease appear, miRINAs are likely
to become dysfunctional (24). A previous study screened
1,700 miRNAs in plasma from 13 hypertension patients and
5 controls and identified 27 differentially expressed miRINAs,
among which 14 were verified by quantitative polymerase
chain reaction (qQPCR) (25). After validation in the cohort,
the following were confirmed: the expression of HCMV-
encoded miRNA (hmev-miR-UL112) in hypertension
patients was 2.5 times that in the healthy control group, and
HCMV seropositivity and miR-UL122 expression were
both independently associated with an increased risk of
hypertension (26). Recently, researchers used microarrays
to screen approximately 1,350 miRNAs in 6 hypertension
patients and 6 healthy individuals. They found that compared
with that in the control group, the expression of miR-122,
miR-425 and miR-505 was higher in hypertension patients.
"This result is consistent with those in this study, i.e., miR-122
expression was significantly higher in EH patients than in the
control group. This result indicates that miR-122 can be used
as a biomarker for hypertension.

Serum BNP, Hey, ¢Tn'T and CK-MB are commonly used
markers of myocardial damage, reflecting the presence and
degree. An increase in the expression of myocardial damage
markers is an independent risk factor for cardiovascular
disease in EH patients, consistent with the results of this
study, which indicated that serum BNP, Hey, ¢TnT and
CK-MB levels in EH patients all increased. Increased
¢T'nT expression indicated ongoing myocardial cell injury.
c¢I'nT can serve as an good indicator for cardiovascular and
cerebrovascular events in EH patients (27). The decreased
c¢T'nT level is associated with left ventricular ejection
fraction and left atrial volume index restoration and left
atrium and ventricular remodeling (27). ¢TnT is negative
correlated with left ventricular mass index. ¢TnT is strongly
associated with subclinical left ventricular hypertrophy and
function (28), and could be an indicator for hypertrophy and
fibrosis in hypertrophic cardiomyopathy and hypertensive
patients (29,30).

In addition, the results of the Pearson correlation test
indicated that serum miR-122 in EH patients was positively
correlated with myocardial damage markers. These results
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indicated that compared with those in the healthy controls,
the levels of myocardial damage markers in EH patients
were significantly abnormal, suggesting the presence of
myocardial damage in EH patients. Studies have shown
that changes in cardiac structure and function in the
disease course of EH not only directly affect the prognosis
of patients but also indirectly lead to disease progression.
Therefore, it is very important to clarify the impact of
cardiac structure and function on EH. In this study, color
Doppler ultrasound was used for echocardiography, and
EF, IVST, IVRT, LVEDD, LVPWT, and LVESD were
recorded. The results showed that both EF and IVRT were
significantly lower in EH patients than in the control group.
There was no significant difference between the 2 groups in
terms of IVST, LVEED, LVPWT, and LVESD. Pearson’s
correlation test showed that serum miR-122 was negatively
correlated with the ventricular function indicators EF and
IVRT in EH patients but not significantly correlated with
other ventricular function indicators (IVST, LVEDD,
LVPWT, and LVESD). Further investigation is needed to
explore the reasons for these findings.

MiR-122 has been proved to be a good indicator of
heart failure and cardiovascular injury. MiR-122-5p could
inhibit the collagen synthesis and differentiation of cardiac
fibroblasts via targeting HIF-1a (31). The severity of
cardiovascular disease, including atherosclerosis, AMI, heart
failure, atrial fibrillation and hypertension, is related to the
expression of miR-122 expression. MiR-122 is also a risk
factor of these cardiovascular diseases (32). MiR-122 could
regulate autophagy, apoptosis, fibrosis, inflammatory reaction
and dysfunction in cardiovascular system (33-36). MiR-
122 could regulate apoptosis-autophagy balance of aortic
adventitial fibroblasts in angiotensin II induced hypertension
via targeting SIRT6-elabela-ACE2 pathway (33). MiR-122
knockout could reduce inflammatory response and tissue
injury via TLR7 pathway (37). MiR-122 inhibitor contributes
to reduce lipid accumulation and inflammatory reaction
via inhibiting TR4/MyD88/NF-kB pathway (38). In this
study, we confirmed miR-122 expression was correlated to
ventricular function. The target genes and pathways in this
model needs to be further studied.

As miRNAs have been involved in EH progression,
thus, miRNAs could be a prognostic indicator in EH
patients (39). Some miRNAs, like miR-122 and miR-
575, were stable upregulated in EH patients and could be
diagnostic and prognostic indicators. MiR-9 and miR-126
were stable decreased in the serum of EH patients, which
could also be a prognostic indicator (40). In EH patients,
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platelet miRNAs, like miR-22 and miR-223, are also strong
prognostic indicator for EH patients (41).

However, there were some limitations in this study. The
number of patient samples was small. The direct target gene
of miR-122 was not verified in animal or cell experiments.
The regulation of miR-122 on the cardiac fibroblast and
myocardial cell needed to be further studied.

In summary, the serum miR-122 concentration in EH
patients was higher than that in healthy individuals, and
miR-122 concentration was positively correlated with
myocardial damage markers. Serum miR-122 concentration
was positively correlated with the ventricular function
indicators EF and IVRT but not significantly correlated
with other ventricular function indicators (IVST, LVEDD,
LVPWT, and LVESD).
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