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Objective: To evaluate the changes of plasma levels of miR-126 in heart failure with
a preserved ejection fraction (HFpEF) patients undergoing an exercise rehabilitation
intervention.

Methods: miR-126 levels in plasma were compared between 60HFpEF patients and 30
healthy volunteers. HFpEF patients underwent exercise rehabilitation for 12 weeks. Before
and after rehabilitation, indicators of cardiac function, exercise tolerance, quality of life
scores and miR-126 levels were measured and compared. Correlations between plasma levels
of miR-126 and HFpEF were evaluated.

Results: The plasma levels of miR-126 in HFpEF patients were lower than those in healthy
volunteers and increased significantly after exercise rehabilitation. HFpEF patients also
showed significantly better cardiac function, exercise tolerance, and quality of life after
rehabilitation. The results of Pearson correlation analysis and multiple linear regression
showed that miR-126 levels were positively correlated with peak oxygen consumption (peak
VO,) and metabolic equivalents (METs), and inversely associated with score on the
Minnesota Living with Heart Failure Questionnaire (MLHF) as well as plasma N-terminal
pro-B-type natriuretic peptide (NT-proBNP) levels.

Conclusion: miR-126 levels are low expressed in plasma among HFpEF patients. Effective
exercise rehabilitation in HFpEF patients may positively impact the plasma level of miR-
126, which is probably associated with the restoration of cardiac function, exercise tolerance
and quality of life. miR-126 may be a potential biomarker for evaluating the efficacy of
exercise rehabilitation for HFpEF patients.
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Introduction

The pathophysiologic mechanism of HFpEF has not been fully elucidated. Recently,
some scholars have argued that endothelial injury plays a major role in the development
of HFpEE."> The recovery of endothelial dysfunction is primarily correlated with
rehabilitation in HFpEF patients.*” microRNAs are tiny non-coding RNA molecules
make up of approximately 23-25 nucleotides. They regulate the gene expressions
involved in various cellular processes. Recently, plasma miRNAs have been reported
to be sensitive and specific biomarkers of various tissue injuries and pathological
conditions.” microRNA-126 (miR-126) is specifically and primarily expressed by the
vascular endothelium. A number of reports have shown that miR-126 levels are lower in
patients with endothelial injury or dysfunction,™ while higher expression of miR-126
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positively impacts the restoration process of the impaired
endothelium.*® Changes in miR-126 expression greatly affect
endothelial function by managing the pathophysiological pro-
cesses of cardiovascular development, preventing vascular
inflammation and retaining neovascularization.” Therefore,
miR-126 levels are closely related to endothelial dysfunction.
Alterations in miR-126 expression probably reflect the patho-
logical evolution of endothelial dysfunction in patients with
HFpEF.* ' In this report, we assumed that the miR-126 levels
of HFpEF patients were lower than those of healthy volun-
teers. After exercise rehabilitation, increased plasma level of
miR-126 was thought to be actively promoted, which may
have been related to the improvements in clinical condition
among HFpEF patients.

According to the experimental design, the plasma
levels of miR-126 among HFpEF patients were measured
and compared with those of healthy volunteers before
rehabilitation. Before and after 12 weeks of exercise train-
ing, the changes in the plasma levels of miR-126 in
HFpEF patients, as well as clinical parameters, were
observed and compared. Correlation analysis between
miR-126 levels and clinical indices of HFpEF was per-
formed for preliminary assessment of the clinical signifi-
cance of miR-126 levels in HFpEF patients.

Materials and Methods

Settings and Patients

Initially, 74 HFpEF patients were enrolled for eligibility
assessment. A total of 65HFpEF patients who met the
inclusion and exclusion criteria were recruited. 60 patients
finished 12 weeks of exercise training, and their data were
collected for the final statistical analysis. Baseline charac-
teristics of these patients are displayed in Table 1. In
addition, our study also included 30 healthy individuals
with normal heart function as a control group (13 men and
17 women, mean age: 66.83+9.76 years). Normal healthy
people were gathered from the medical examination center
of our hospital as the control group. The plasma miR-126
levels of 30 healthy volunteers were tested and compared
with those of HFpEF patients. The recruitment procedures
are presented in Figure 1.

The inclusion criteria for this trial were as follows: (1)
characteristic signs and symptoms of heart failure and
preserved left ventricular ejection fraction (LVEF) >
50%; (2) 55-70 years old; (3) NYHA class II or class
IIT; and (4) clinically stable without significant deteriora-
tion of cardiac condition for at least 4 weeks.

Table | Baseline Characteristics of 60 HFpEF Patients in This
Study

HFpEF Patients (n=60)
Age 68.3 7.8
Sex (male/female, n) 27 /33
BMI (Kg/m?) 2316
SBP (mmHg) 14315
DBP (mmHg) 8114
NYHA (17111, n) 29/31
Coronary heart disease history (n) 39
Diabetes history (n) 45
Hypertension history (n) 38
Smoker (n) Il
Dyslipidemia (n) 31
Medication
Nitrates (n) 24
Statatin (n) 35
Aspirin (n) 27
Clopidogrel (n) 33
ACEIl or ARB (n) 46
b-blockers (n) 35
Aldosterone inhibitors (n) 42
Thiazide diuretics (n) 23
Loop diuretics (n) I
Insulin (n) 27

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HFpEF, heart failure with preserved ejection fraction; NYHA,
New York heart association; ACEI/ARB, angiotensin enzyme inhibitor/ angiotensin
receptor blocker; b-blockers, b-adrenergic Receptor Antagonism.

The following patients were excluded from this study: (1)
<55 or > 70 years old; (2) complicated with acute myocardi-
tis, unstable angina pectoris, or acute myocardial infarction in
the past 4 weeks; (3) valvular heart disease, congenital heart
disease, or thyroid disease; (4) complicated by complete
atrioventricular block, pericarditis, or frequent ventricular
premature in the 28 days before the test; (5) complicated by
electrolyte disturbances, pulmonary embolism, renal failure,
liver dysfunction, or serious infections; (6) current pregnancy
or lactation; and (7) undergoing psychiatric treatment.

This study followed the Ethics Guidelines of the 1975
Declaration of Helsinki. The experimental scheme was
examined and approved by the Ethics Committee of
Tongde Hospital of Zhejiang Province, China. Each parti-
cipant voluntarily joined this study and signed an informed

consent form before the test.

Procedures for Exercise Rehabilitation
Rehabilitation instruction was provided for each patient
with HFpEF before the test. The protocol for 12 weeks
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Eligibility assessment (n=74)

Patient recruitment

Failed to meet the inclusion criteria (n=4)
Excluded by the exclusion criteria (n=4)
Declined to participate (n=1)

Excluded (n=9)

Participants (n=65)

Exercise rehabilitation
for 12 weeks

Quit the exercise rehabilitation halfway
(n=2)
Failed to tolerate the exercise intensity
(n=3)

Excluded (n=5)

(n=60)

Included in the data analysis

Figure | Flowchart of HFpEF patient enrollment.

of cardiac rehabilitation included aerobic exercise and
resistance exercise. Aerobic exercise was performed 3
times per week based on the value of metabolic equiva-
lents (METs) at the anaerobic threshold in the cardiopul-
monary exercise test. The patients with 5-6 METs
performed treadmill exercise with a power of 100 watts.
Those with more than 6 METs adjusted their treadmill
power to the target heart rate [(maximum heart rate -
resting heart rate) X 60% + resting heart rate]. Each exer-
cise consisted of a 5-minute warm-up, 20 minutes of
exercise training and 5 minutes of relaxation. Resistance
exercise was performed with an elastic band 3 times
a week. After 5 minutes of warm-up, 8—12 muscle groups
were trained for 20 minutes and relaxed for 5 minutes
each. Medical staff supervised the whole process of exer-
cise rehabilitation to ensure the safety of the HFpEF
patients. Exercise training was stopped, and relevant treat-
ment was employed immediately if the following danger-
ous situations occurred: (1) the heart rate exceeded the
target heart rate; (2) the systolic blood pressure increased
over 30 mmHg or decreased over 10 mmHg; (3) the
patient had unbearable symptoms such as chest tightness,
sweating, dizziness, and dyspnea; (4) exercise electrocar-
diogram showed ST segment depression > 0.1 MV or ST
segment elevation > 0.1 MV; or (5) serious arrhythmia was
detected during exercise.

At baseline and 12 weeks after exercise rehabilitation,
the patients were subjected to cardiopulmonary exercise
tests, echocardiography examinations, quality of life assess-
ments, 6-minute walk tests (60MWT) and NT-proBNP detec-
tion for clinical efficacy evaluation. The indicators of
exercise tolerance were measured through the cardiopul-
monary exercise test and 6MWT, including peak VO,,
VE/VCOaslop, VO, AT, METs and walking distance in
the 6MWT. The parameters of cardiac function were pri-
marily tested by echocardiography, including left ventricu-
lar ejection fraction (LVEF), cardiac index (CI), the ratio of
early diastolic mitral flow velocity to early diastolic mitral
annular velocity (E/e”), left atrial volume index (LAVI), and
left ventricular muscle mass index (LVMI). The Minnesota
Living with Heart Failure Questionnaire (MLHF) score was
used to assess the quality of life of HFpEF patients.

The NT-proBNP level was detected by immunoassay.
Venous blood (5 mL) was collected from every patient, put
into an EDTA anticoagulant tube, and centrifuged at 3000
revolutions per minute for 20 minutes to obtain the isolated
plasma. The level of NT-proBNP expression in the isolated
plasma was detected by fluorescence immunoassay. The Von
Willebrand Factor (vWF) level was detected via ELISA
using the following method: the collected venous blood
was treated following the instructions of the ELISA kit
(Sun Biotechnologies Co., Ltd., China), and then, the plasma
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vWF content was detected in accordance with the instruc-
tions of the ELISA kit.

The Measurement of microRNA-126

Expression Levels

Fasting blood samples were collected from elbow vein early
in the morning. Samples of venous blood (5 mL) were
acquired in vacuum-dried tubes with RNA-free enzymes.
Then, the blood samples were isolated by centrifugal separa-
tion at 3000 g for 10 min at room temperature. Serum was
transported to nuclease-free Eppendorf tubes and preserved
at - 80°C until microRNA could be isolated.

In Brief, microRNA was isolated from stored serum
samples by performing a microRNA easy kit (Aidlab
Biotechnologies Co., Ltd., China) and conforming to the
manufacturer’s instructions.'’ The resultant microRNA was
maintained for quantitative real-time PCR (qRT-PCR). The
miR-126 PCR primer was obtained from Ribobio Co., Ltd
(China). The primers of miR-126 used in this study
were as followed: 5S-TCGTACCGTGAGTAATAATGCG-3.
Following the manufacturer’s instructions for qRT-PCR,
complementary DNA (cDNA) was synthesized from 1 ug
of total RNA by reverse transcription in the GoScriptt
Reverse Transcription System (Promega Co., Ltd., USA).
In brief, the reaction procedures included incubation at
25°C for 5 minutes, 42°C for 60 minutes, and 70°C for 15
minutes, and the samples were then kept at- 20°C until
further study. QT- PCR was carried out under the following
conditions by GoTaq qPCR Master Mix (Promega Co., Ltd.):
denaturation at 95°C for 2 minutes, followed by 40 cycles of
annealing at 95°C for 15 seconds and extension at 60°C for
60 seconds.

The levels of miR-126 were determined by the 2-AACt
method.'” The primers used UniSp6 as the endogenous
reference. The comparative expression level of miR-126 is
presented as miR-126 relative to an internal control gene
and named ACt. Subsequently, mathematical formulas
were used to calculate ACt and AACt: ACt = Ctyir-126 -
Ctunispe and AACt =ACtqyge - ACteongrol-

Statistical Analysis

Statistical analysis was performed with SPSS 18.0 software
(SPSS Inc., USA). Data are shown as mean + standard
deviation. Before and after rehabilitation, comparisons of
clinical indices were performed with paired t-tests. P<0.05
was considered statistically significant. Pearson’s correlation
analyses were carried out between different indicators and

miR-126 levels. After adjusting for differences in confound-
ing factors such as diabetes, age and drug use, multiple linear
regression analyses were carried out to appraise independent
associations between miR-126 and clinical parameters.

Results
After 12 weeks of exercise rehabilitation, HFpEF patients
showed significantly increased peak VO,, VO,AT, 6MWT,
METs as well as vVWF levels. Obvious decreases were
found in VE/VCOgslop, E/e, LAVI and NT-proBNP levels.
After rehabilitation, HFpEF patients also had a better life
of quality by decreased MLHF scores (Table 2).
Compared with those of the healthy volunteers, the
plasma miR-126 levels of HFpEF patients were signifi-
cantly lower. At the end of exercise rehabilitation, the
miR-126
increased significantly than the baseline, although they

levels of plasma among HFpEF patients

were still lower than those of the controls (Table 3).

Pearson correlation analysis initially revealed relation-
ship between clinical indices and the expression levels of
miR-126 (Table 4). miR-126 levels were positively asso-
ciated with peak VO,, METs, VO,AT and LVEF. miR-126
levels were negatively associated with NT-proBNP levels,
LAVI, E/e’, the MLHF score and VE/VCO,slop. After
adjusting for confounding factors and counting on the
results of multiple linear regression analyses (Table 5),
miR-126 levels were positively related to peak VO, and
METs but negatively related to MLHF scores and NT-
proBNP levels (Figure 2).

Discussion

HFpEF accounts for almost 50% of all heart failure admis-
sions. Accumulating evidence has demonstrated that
microRNAs are closely associated with the development
and prognosis of heart failure, but the underlying mechan-
miR-126 s
a proangiogenic microRNA that is strongly expressed in

isms remain poorly understood.''"?
the heart endothelium. It plays a key role in retaining
endothelial function and determining endothelial homeos-
tasis by inducing angiogenesis."> The elevation of miR-
126 expression can promote restoration of the damaged
endothelium.'® Before testing, we found that the average
levels of miR-126 in HFpEF patients were substantially
lower than those in healthy volunteers. After exercise, the
levels of miR-126 in HFpEF patients increased signifi-
cantly but were still lower than those in healthy controls.
Lower levels of miR-126 imply that the recovery functions
of the endothelium are impaired in HFpEF patients.
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Table 2 Comparison of Data Obtained Before and After Rehabilitation

Before Rehabilitation (n=60) After Rehabilitation (n=50) P
SDP (mmHg) 143 (15) 138 (17) 0.73
DBP (mmHg) 8l (14) 76 (12) 0.79
NT-proBNP (ng/mL) 1411 (293) 956 (143) 0.01
6MWT (m) 252 (82) 434 (65) 0.0l
PeakVO, (mL/min/kg) 13.5 (6.7) 16.6 (7.2) 0.02
VO, AT (mL/min/kg) 9.1 (3.6) 12.1 (4.2) 0.03
METs 5.42 (1.61) 6.67 (1.89) 0.02
VE/VCO,slop 37.7 (5.1) 30.7 (5.5) 0.01
LVEF (%) 59.0 (8.3) 61.1 (7.6) 0.32
Cl (L/min/m?) 2.8 (0.5) 3.0 (0.6) 0.69
LAVI (mL/m?) 36.7 (5.5) 31.5 (6.5) 0.04
LVMI (mg/m?) 134.0 (33.3) 126.0 (27.3) 0.13
Ele’ 16.4 (5.3) 13.1 (4.6) 0.04
MLHF 47 (13) 56 (14) 0.02
VWEF (ng/L) 13.13 (3.47) 18.56 (5.14) 0.01

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; NT-proBNP, N-terminal prohormone brain natriuretic peptide; 6MWT, 6-minute walk test;
LVEF, left ventricular ejection fraction; peakVO,, peak oxygen uptake; VO,AT, anaerobic threshold; METs, metabolic equivalents; VE/VCOsslop, the slope of the relation
between ventilation and carbon dioxide production; LVMI, left ventricular mass index; LAVI, left atrial volume index; Cl, cardiac output index; E/e’, diastolic mitral flow
velocity and diastolic mitral annulus velocity ratio; MLHF, the Minnesota Living With Heart Failure score; vWF, Von Willebrand Factor.

Previously, it was reported that there was a decline in the
plasma concentrations of miR-126 in patients with heart
failure.'* In heart muscle of female Wistar rats, the apop-
tosis of vascular endothelial cell was increased by miR-
126 inhibition and obviously rescued by miR-126
overexpression.'> Knockdown of the miR-126 gene in an
animal model of heart failure may result in diminished
vascular integrity and decreased density of the
microvasculature.'® Generally, reduced plasma levels of
miR-126 inhibit endothelial cell migration during the pro-
gression of vessel growth, differentiation, and organiza-
tion, leading to accelerated pathological development of
heart failure.'” Hence, reduced miR-126 level in plasma
may be related to the clinical conditions of patients with
chronic heart failure, and it could be effective in the
diagnosis of chronic heart failure.'” Interestingly, on the
basis of the Pearson’s correlation and multiple linear
regression analyses in this report, the miR-126 level of

Table 3 Comparisons of miR-126 Levels in Plasma Between
HFpEF Patients and Healthy Volunteers

miR-126 Level
At Baseline | After Rehabilitation
HFpEF patients (n=60) 3.09+0.56 4.35+0.79%
Healthy volunteers (n=30) | 9.56+1.87%"

Notes: *P=0.01, compared to HFpEF patients at baseline; “P=0.01, compared to
HFpEF patients after rehabilitation; #P=0.02, compared to baseline.

plasma was also proven to be associated with some impor-
tant indices of cardiac function in HFpEF patients, such as
peak VO,, METs, the MLHF score and NT-proBNP levels.
It suggests that decreased miR-126 expression in plasma
may partly reflect the worse clinical condition of patients
with HFpEF compared to normal controls. Similarly,
lower plasma levels of miR-126 have been reported to be

Between miR-126
Expression Levels and Clinical Indicators in HFpEF Patients

Table 4 Pearson Correlation Analysis

Factors R P
NT-proBNP —0.415% 0.01
6MWT 0.217 0.27
PeakVO, 0.531* 0.009
METs 0.498* 0.01
VO, AT 0.461* 0.007
VE/VCO,slop —0.271* 0.03
LVEF 0.476* 0.02
Cl 0.187 0.41
LAVI —0.459* 0.01
LVMI -0.134 0.43
Ele’ —0.339* 0.01
MLHF —0.497* 0.007

Note: *P<0.05.

Abbreviations: NT-proBNP, N-terminal prohormone brain natriuretic peptide;
6MWT, 6-minute walk test; peakVO,, peak oxygen uptake; METs, metabolic equiva-
lents; VO,AT, anaerobic threshold; VE/VCOslop, the slope of the relation between
ventilation and carbon dioxide production; Cl, cardiac output index; LVEF, left
ventricular ejection fraction LVMI, left ventricular mass index; LAVI, left atrial
volume index; E/e’, diastolic mitral flow velocity and diastolic mitral annulus velocity
ratio; MLHF, the Minnesota Living With Heart Failure score.
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Table 5 Results of Multiple Linear Regression Analysis

Factors B Standard Error P Odds Ratio 95% Confidence Interval
NT-proBNP -0.879 0.261 0.018 -2.513 —1.761~-3.206
PeakVO, 1.231 0.256 0.011 2.237 1.937-2.634

METs 1.513 0315 0.021 2.076 1.678-2.913

MLHF 1.013 0.165 0.023 1.537 1.236-1.918

Abbreviations: NT-proBNP, N-terminal prohormone brain natriuretic peptide; peak VO,, peak oxygen uptake; METs, metabolic equivalents; MLHF, Minnesota Living with

Heart Failure questionary.

correlated with left ventricular function, age, and NT-
proBNP levels in heart failure patients.'*'® Thus, the
decreased plasma levels of miR-126 in HFpEF patients
probably represent worse recovery of endothelial function
and declined clinical function.

Another important finding in this study was that the
plasma levels of miR-126 expression increased after exercise
rehabilitation. After 12 weeks of exercise, we found that the
plasma levels of miR-126 among HFpEF patients increased
significantly compared with those observed at baseline, fol-
lowed by better indices of cardiac function, exercise toler-
ance and MLHF scores. This result conformed to our original
presumption that the restorative increase in miR-126 levels
may reflect effective rehabilitation in HFpEF patients.

Correlation of miR-126
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Figure 2 Correlation between miR-126 plasma expression levels and clinical
indicators in HFpEF patients.

Abbreviations: NT-proBNP, N-terminal prohormone brain natriuretic peptide;
peakVO2, peak oxygen uptake; METs, metabolic equivalents; MLHF the
Minnesota Living With Heart Failure score.

Dastah et al'® found that exercise training made cardiopro-
tective effects on the heart tissue of diabetic rats by up-
regulating miR-126 and angiogenic signaling pathways.
Increased expression of plasma miR-126 is associated with
the activation of wvascular endothelial growth factor
(VEGF).?® miR-126 has the best known role in control of
the formation and maintenance of angiogenesis and vascular
integrity, it can directly inhibit two gene targets of the VEGF
pathway.” The two validated gene targets that are related to
angiogenic signaling as negative regulators of VEGF signal-
ing pathways: Sprouty-related protein 1 (Spred-1), an intra-
cellular suppressor of the Ras/MAPK pathway,”' and
phosphoinositol-3 kinase regulatory subunit 2 (PI3KR2),
which negatively governs the activity of PIK3/Akt/eNOS
pathways.”*' Aerobic rehabilitation increased the expres-
sion of miR-126 in plasma which is probably associated with
exercise-induced cardiac angiogenesis, by indirect regulation
of the VEGF pathway and direct regulation of its targets that
converged in an increase in angiogenic pathways, such as
MAPK and PI3K/Akt/eNOS.? Thereby, the growing miR-
126 after exercise in HFpEF patients may suggest that miR-
126 is a potential therapeutic target of exercise rehabilitation
in pathological conditions of HFpEF.

Last but not the least important, the levels of plasma
miR-126, were shown to be associated with plasma level
of NT-proBNP, peakVO,, METs and MLHF score in this
study (Figure 2). This result suggests the increasing degree
of miR-126 plasma level may be helpful for evaluating
exercise efficacy among HFpEF patients in the rehabilita-
tion phase. According to the precious report, heart failure
patients with improved plasma miR-126 levels also
showed better exercise performance and lower B-type
natriuretic peptide (BNP) levels.”** In two independent
cohorts of 2203 subjects, increased circulating miR-126
was also related to reduced risk of death and rehospitaliza-
tion in patients with chronic heart failure.” Moreover,
higher levels of miR-126 were related to lower rates of
rehospitalization and death in the year after the initial
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admission for acute heart failure and decreased risk of
cardiovascular events in patients with chronic heart failure
of ischemic etiology for 2 years.'> Consequently, heart
failure patients with higher levels of miR-126 probably
have better clinical status and prognosis than those with
lower levels of miR-126. miR-126 may serve as a potential
biomarker for evaluating the curative effect and prognosis
among heart failure patients.

In conclusion, the plasma level of miR-126 decreased in
HFpEF patients. Decreasing miR-126 levels may underlie
variations in regressive cardiac function among HFpEF
patients. The levels of miR-126 expression can increase
again after exercise rehabilitation, initiating the process of
the angiogenesis in HFpEF patients. Collectively, the miR-
126 expression level, may serve as a potential indicator for
evaluating the effects of rehabilitation among HFpEF
patients. However, there are some potential limitations of
this report. The experimental samples were not large, which
may affect the clinical relevance of plasma miR-126 expres-
sion. Future studies with a larger number of patients from
multiple centers are necessary to confirm our results.
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