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Abstract

Objective: This study aimed to examine a novel microRNA (miR-652-3p) biomarker to improve

early diagnosis of acute kidney injury (AKI) in patients with acute decompensated heart failure

(ADHF) and to evaluate the survival predictive value of miR-652-3p.

Methods: We retrospectively analyzed the data of 196 patients with ADHF, including 65 who

developed AKI during hospitalization. Neutrophil gelatinase-associated lipocalin (NGAL) levels

were measured in serum and urine samples. Real-time quantitative PCR was applied to evaluate

miR-652-3p mRNA expression. The diagnostic performance of miR-652-3p was examined using

receiver operating characteristic curve analysis. The prognostic value of miR-652-3p was also

analyzed.

Results: Serum and urinary NGAL and miR-652-3p levels were elevated in patients with ADHF

and AKI. Serum and urinary miR-652-3p expression had diagnostic value in predicting AKI onset

in patients with ADHF, and it had improved diagnostic performance when used with NGAL.

Patients with AKI and high miR-652-3p levels had a high failure rate of renal recovery and poor

180-day survival.

Conclusion: Serum and urinary miR-652-3p may be a candidate biomarker for early diagnosis of

AKI in patients with ADHF and for predicting the prognosis of AKI. The combination of NGAL

and miR-652-3p may accurately predict AKI onset in ADHF.
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Introduction

Acute decompensated heart failure (ADHF)
is a clinical syndrome, which is characterized
by dyspnea, and it suddenly occurs and rap-
idly peaks on the basis of cardiac dysfunc-
tion.1 More than 30% of patients with
ADHF are accompanied by acute kidney
injury (AKI) during hospitalization, leading
to an increased mortality rate.2 Therefore,
early prediction of occurrence of AKI is
important for decisions on clinical manage-
ment and improving clinical outcomes in
patients with ADHF.3 Currently, the diag-
nosis of AKI mainly relies on some indica-
tors of renal function, such as urine output
and serum creatinine levels, but they show
limited sensitivity and delayed results.4

Neutrophil gelatinase-associated lipocalin
(NGAL) has been recently used as an early
diagnostic biomarker of AKI, but its diag-
nostic accuracy is not ideal.5 Therefore,
there is an urgent requirement to examine
novel biomarkers to predict the occurrence
of AKI in patients with ADHF.

Recent studies on biomarkers in various
human diseases have highlighted the clinical
significance of microRNAs (miRNAs) in
diagnosis and prognosis of disease.6,7

These miRNAs are a series of small non-
coding RNAs, and some members that are
aberrantly expressed in human diseases
have critical biological functions in the
pathogenesis of disease.8,9 In progression
of ADHF, some miRNAs have deregulated
expression and functional roles.10 With
regard to the diagnosis of AKI, some aber-
rantly expressed miRNAs, such as miR-192
and miR-26b, have been identified as

potential diagnostic biomarkers.11,12

MicroRNA-652 (miR-652) has been inves-

tigated in several human diseases.13

Silencing of miR-652 exerts a protective

effect against pathological remodeling of

the heart and ameliorating cardiac func-

tion.14 Additionally, circulating miR-652

is a marker for predicting acute coronary

syndrome.15 Importantly, Bruno et al.16

investigated miRNAs involved in early

worsening of renal function in patients

with acute heart failure, and found that

miR-652-3p expression was significantly

increased in patients with renal dysfunction.

Therefore, we speculate that miR-652-3p

might be involved in development of AKI

in patients with ADHF.
In this study, the clinical significance of

miR-652-3p in diagnosis and prognosis of

AKI in patients with ADHF was evaluated

by analyzing serum and urinary miR-652-

3p mRNA expression. The diagnostic

performance of NGAL and synthesis of

miR-652-3p and NGAL were also evaluat-

ed. The 180-day survival outcomes were

recorded and assessed to examine the rela-

tionship between miR-652-3p and progno-

sis. Our results may provide a novel insight

into diagnosis of AKI and prediction of

prognosis in patients with ADHF.

Materials and methods

Recruitment of patients

This study retrospectively analyzed data of

patients with ADHF who were admitted to

the Second Hospital of Tianjin Medical
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University between 2014 and 2019. The
diagnosis of ADHF was performed by
using the European Society of Cardiology
Criteria.17 Specific manifestations of the
patients were presentation of heart failure
symptoms and signs, such as dyspnea, lung
moist rales, hypotension, tissue perfusion,
increased jugular pressure, peripheral
edema, hepatomegaly, and congestion of
the intestines, and a chest X-ray showed
pulmonary congestion. The New York
Heart Association heart function stages of
patients with ADHF were stages III and IV,
and the left ventricular ejection fraction was
�50%. Patients who met the following
criteria were excluded: 1) age <18 years
or with pregnancy; 2) a preadmission
estimated glomerular filtration rate
< 30mL/minute per 1.730m2; 3) patients
received nephrotoxin within 4 weeks
before admission or during hospitalization;
4) obstruction or infection of the urinary
tract; 5) a history of malignancy or multiple
organ function syndrome; 6) the hospital
stay was shorter than 24 hours; and 7) an
incomplete electronic medical record.

During hospitalization, determination of
AKI was performed according to guidance
of diagnosis from the Kidney Disease:
Improving Global Outcomes (KDIGO)
Clinical Practice Guidelines for Acute
Kidney Injury.18 AKI was defined
as increased serum creatinine levels of
�3 mg/mL or >1.5 times the basal value
within 48 hours. Occurrence of this condi-
tion was confirmed or inferred within 7
days or AKI was defined as a urine
output <0.5 mL/kg/hour for 6 hours. The
patients with AKI were divided into three
KDIGO stages on the basis of changes
in serum creatinine and urine levels. The
clinicopathological characteristics of the
patients with ADHF are summarized
in Table 1. Renal recovery of patients with
AKI was defined as serum creatinine
levels returning to those on the day of
admission at the time of hospital discharge.

The survival information of patients with
AKI during a 180-day follow-up survey
was recorded for analysis of prognosis.

The protocol of this study was approved
by the Ethics Committee of the Second
Hospital of Tianjin Medical University
(Approval no. TJMU-20140829). Signed
written informed consent was obtained
from each participant for use of samples
and data analysis.

Collection of serum and urine samples

We collected venous blood and spot urine
samples from patients with ADHF immedi-
ately after their admission. None of the
patients had received any therapy before
sampling. Serum samples were isolated
from blood using centrifugation and urine
samples were centrifuged to obtain super-
natants for further use. All of the samples
were kept at �80�C.

Enzyme-linked immunosorbent assay

NGAL levels are generally detected as a
biomarker of AKI to reflect renal function.
We evaluated NGAL levels in serum and
urine samples using an enzyme-linked
immunosorbent assay kit (Immuno-
Biological Laboratories, Fujioka, Japan)
by following the manufacturer’s protocols.

RNA extraction and real-time
quantitative PCR

Total RNA was extracted from serum and
urine samples using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA). RNA
concentrations were evaluated using the
NanoDrop 2000 (Thermo Fisher Scientific,
Waltham, MA, USA). Single-stranded
cDNA was synthesized from RNA using
the PrimeScript RT reagent kit (TaKaRa,
Shiga, Japan) by following the instructions
of the manufacturer. To measure miR-
652-3p mRNA expression, real-time quan-
titative PCR was carried out using the

Liu et al. 3



SYBR green I Master Mix kit (Invitrogen)
and the 7500 Real-Time PCR System
(Applied Biosystems, Foster City, CA,
USA). U6 was used as an internal control
and the final value of miR-652-3p expres-
sion was calculated using the 2�DDCt

method.19 The following primers were
used: miR-652-3p forward, 50-GCCGAGA
ATGGCGCCACTAG-30; miR-652-3p
reverse, 50-CTCAACTGGTGTCGTGGA-
30; U6 forward, 50-CTCGCTTCGGCAG
CACA-30; and U6 reverse, 50-AACGCTT
CACGAATTTGCGT-30.

Statistical analysis

All data are expressed as mean� standard
deviation or median (interquartile range).

Data were analyzed using IBM SPSS ver-

sion 21.0 software (IBM Corp., Armonk,

NY, USA) and GraphPad Prism 5.0 soft-

ware (GraphPad Software, Inc., San Diego,

CA, USA). The Student’s t test or Mann–

Whitney U test was used to analyze contin-

uous variables, and Pearson’s chi-square

test was used to assess categorical variables.

Logistic regression analysis was applied to

evaluate the risk of miR-652-3p for predict-

ing AKI onset or renal recovery in patients

with ADHF. Clinical features that showed

significant results from univariate analysis

were applied in multivariate analysis to

adjust the results of miR-652-3p. A receiver

operating characteristic (ROC) curve was

plotted to analyze the diagnostic

Table 1. Comparison of clinical characteristics in patients with ADHF with and without AKI.

Characteristics

Patients with ADHF (n¼ 196)

P valueNon-AKI (n¼ 131) AKI (n¼ 65)

Age (years) 62.7� 20.2 64.1� 21.6 0.663

Sex (female/male) 85/38 35/30 0.135

Diabetes history (n, %) 42 (32.1) 27 (41.5) 0.191

Myocardial infarction history (n, %) 13 (9.9) 11 (16.9) 0.159

Heart failure history (n, %) 68 (51.9) 34 (52.3) 0.958

Coronary heart disease (n, %) 30 (22.9) 17 (26.2) 0.616

Hypertension (n, %) 16 (12.2) 11 (16.9) 0.368

Chronic kidney disease (n, %) 29 (22.1) 36 (55.4) <0.001

Primary cause of heart failure (n, %) 0.341

Ischemic heart disease 70 (53.4) 39 (60.0)

Cardiomyopathy 28 (21.4) 7 (10.8)

Rheumatic heart disease 23 (17.6) 13 (20.0

Hypertension 10 (7.6) 6 (9.2)

LVEF (<45%/>45%) 68/63 35/30 0.798

NYHA stage IV (n, %) 63 (48.1) 35 (53.8) 0.448

NT-pro-BNP (pg/mL) 6580 (3279–9064) 8948 (3615–24956) 0.063

Serum albumin (mg/mL) 33� 5.7 29.6� 6.8 0.011

Scr (mM) 126.3� 36.7 146.84� 27.7 0.008

eGFR (mL/minute per 1.73 m2) 65.3� 25.1 54.2� 20.9 0.002

KDIGO stage (n, %) –

Stage 1 – 45 (69.2)

Stages 2–3 – 20 (30.8)

ADHF, acute decompensated heart failure; AKI, acute kidney injury; LVEF, left ventricular ejection fraction; NYHA, New

York Heart Association; NT-pro-BNP, N-terminal pro-brain natriuretic peptide; Scr, serum creatinine; eGFR, estimated

glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes.
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performance of NGAL and miR-652-3p
levels. The prognostic value of miR-652-
3p for predicting the 180-day survival
outcome in patients with AKI was assessed
using the Kaplan–Meier method and
Cox regression analysis. Differences with
P <0.05 were considered statistically
significant.

Results

Clinical characteristics of the patients

We analyzed 196 patients with ADHF and
65 of these patients developed AKI. We
summarized and compared the clinical
characteristics between patients with
ADHF and AKI and those without AKI.
There were no significant differences in age,
sex, history of diabetes, myocardial infarc-
tion, and heart failure between the two
groups (Table 1). There were also no differ-
ences in the incidence of coronary heart dis-
ease, hypertension, and cardiomyopathy,
which represent risk factors of heart failure,
between patients with AKI and those with-
out AKI. Patients with AKI had with a
higher incidence of chronic kidney disease
compared with those without AKI (P
<0.001). The primary causes of heart fail-
ure included ischemic heart disease,
cardiomyopathy, rheumatic heart disease,
and hypertension, and there was no differ-
ence in the cause of heart failure between
the two groups. For cardiac function of the
patients, there were no differences in the left
ventricular ejection fraction, New York
Heart Association stage, and N-terminal
pro-brain natriuretic peptide levels between
the two groups. Admission serum creatinine
levels were significantly higher, while serum
albumin levels and the preadmission esti-
mated glomerular filtration rate were
lower, in patients with AKI compared
with those without AKI (all P <0.05).
Among the 65 patients with AKI, 45 had
KDIGO stage 1 and 20 had stages 2 to

3 based on the changes in serum creatinine

and urine levels. Among these patients, 16

received renal replacement therapy.

Serum and urinary levels of NGAL and

miR-652-3p in patients with ADHF

Serum and urinary levels of NGAL were

significantly higher in patients with AKI

compared with those without AKI (both

P <0.05, Figure 1a and 1b). We also

found that patients with AKI had signifi-

cantly higher serum and urinary miR-652-

3p expression levels than those without

AKI (both P< 0.05, Figure 1c and 1d).

Association of miR-652-5p mRNA

expression with occurrence of AKI

in patients with ADHF

Logistic analysis was used to assess the

associations of clinical features and miR-

652-3p mRNA expression with the onset

of AKI to investigate potential risk factors

for occurrence of AKI in patients with

ADHF. We found that serum miR-652-3p

(odds ratio [OR]¼ 1.519, 95% confidence

interval [CI]¼ 1.051–2.881, P¼ 0.042), uri-

nary miR-652-3p (OR¼ 1.945, 95%

CI¼ 1.569–4.010, P¼ 0.015), and NGAL

(OR¼ 1.698, 95% CI¼ 1.084–2.964,

P¼ 0.038) levels were independently associ-

ated with the onset of AKI (Table 2). These

results suggest that these variables are risk

factors for occurrence of AKI in patients

with ADHF.

Diagnostic performance of miR-652-3p

in patients with ADHF and AKI

We evaluated the diagnostic performance

of serum and urinary NGAL levels and

miR-652-3p mRNA expression for differen-

tiation between AKI-positive cases and

AKI-negative cases in patients with

ADHF. The ROC curves based on NGAL

levels shown in Figure 2a showed that the
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Figure 1. Serum and urinary NGAL and miR-652-3p expression levels in patients with acute decompen-
sated heart failure. (a) and (b). Serum and urinary NGAL levels in patients with AKI and those without AKI.
(c) and (d) Serum and urinary miR-652-3p mRNA expression in patients with AKI and those without AKI.
*P< 0.05.
AKI, acute kidney injury; NGAL, neutrophil gelatinase-associated lipocalin.

Table 2. Risk factor analysis of acute kidney injury in patients with acute decompensated heart failure.

Variables

Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

Age 1.003 0.989–1.018 0.661 – – –

Sex 0.631 0.345–1.157 0.137 – – –

Diabetes history 1.506 0.814–2.784 0.192 – – –

Myocardial infarction history 1.849 0.778–4.392 0.164 – – –

Heart failure history 0.444 0.183–1.080 0.063 – – –

Coronary heart disease 0.552 0.254–1.125 0.069 – – –

Hypertension 1.464 0.637–3.368 0.370 – – –

Cardiomyopathy 2.121 0.912–3.125 0.413 – – –

LVEF 1.192 0.600–2.370 0.616 – – –

NT-pro-BNP 1.213 0.824–2.859 0.123 – – –

Serum albumin 2.052 1.032–3.854 0.045 1.245 0.625–2.589 0.489

Scr 2.125 1.098–3.945 0.038 1.056 1.029–1.165 0.047

eGFR 1.899 1.021–3.588 0.048 1.789 0.785–4.268 0.175

sNGAL 1.525 0.789–2.975 0.110 – – –

uNGAL 1.956 1.125–4.129 0.026 1.698 1.084–2.964 0.038

smiR-652-3p 1.912 1.112–3.986 0.029 1.519 1.051–2.881 0.042

umiR-652-3p 2.135 1.369–4.398 0.006 1.945 1.569–4.010 0.015

OR, odds ratio; CI, confidence interval; LVEF, left ventricular ejection fraction; NT-pro-BNP, N-terminal pro-brain natri-

uretic peptide; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; sNGAL, serum neutrophil gelatinase-

associated lipocalin; uNGAL, urinary neutrophil gelatinase-associated lipocalin; smiR-652-3p, serum microRNA-652-3p;

umiR-652-3p, urinary microRNA-652-3p.

6 Journal of International Medical Research



area under the curve (AUC) for serum
NGAL levels was 0.650 and that for urinary

NGAL levels was 0.829 (Figure 2a). The

ROC curves for miR-652-3p showed
that that the AUCs were 0.828 for serum

miR-652-3p mRNA expression and 0.926

for urinary miR-652-3p mRNA expression
(Figure 2b). From the data of the AUCs,

diagnostic sensitivity and specificity values

were better when we analyzed urinary
NGAL or miR-652-3p levels compared

with those analyzed using serum levels

(Table 3).
The combination of urinary NAGL and

miR-652-3p levels in diagnosing AKI was

further evaluated. The ROC curve showed
that the AUC was 0.950, which indicated

that the diagnostic performance of urinary

NAGL levels might be improved when
combined with urinary miR-652-3p levels

(Figure 2c).

Prognostic value of miR-652-3p mRNA

expression for predicting renal recovery

and 180-day survival outcome in

patients with AKI

Renal function recovered in 36 (55.4%)

patients with AKI, and the predictive

value of miR-652-3p mRNA expression

for renal recovery was evaluated using

logistic regression analysis. We found that

serum and urinary miR-652-3p mRNA
expression was independently associated

Figure 2. ROC curves based on serum and urinary NGAL and miR-652-3p levels in patients with acute
decompensated heart failure. (a) ROC curves based on serum and urinary NGAL levels. (b) ROC curves
based on serum and urinary miR-652-3p levels. (c) ROC curves based on the combination of urinary NGAL
and miR-652-3p levels.
AUC, area under the curve. ROC, receiver operating characteristic; NGAL, neutrophil gelatinase-associated
lipocalin; uNGAL, urinary neutrophil gelatinase-associated lipocalin; sNGAL, serum neutrophil gelatinase-
associated lipocalin; umiR-652-3p, urinary microRNA-652-3p; smiR-652-3p, serum microRNA-652-3p.

Table 3. Receiver operating characteristic curve analysis results for the diagnostic performance of NGAL
and miR-652-3p levels.

Variables AUC Cutoff value Sensitivity Specificity

sNGAL 0.650 0.915 83.1% 42.0%

uNGAL 0.829 1.235 78.5% 74.1%

smiR-652-3p 0.828 1.165 73.9% 83.2%

umiR-652-3p 0.926 1.365 81.5% 92.4%

uNGALþ umiR-652-3p 0.950 0.219 83.1% 94.0%

NGAL, neutrophil gelatinase-associated lipocalin; AUC, area under the curve; sNGAL, serum neutrophil gelatinase-

associated lipocalin; uNGAL, urinary neutrophil gelatinase-associated lipocalin; smiR-652-3p, serum microRNA-652-3p;

umiR-652-3p, urinary microRNA-652-3p.
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with renal recovery in patients with AKI

(OR¼ 2.400, 95% CI¼ 1.389–4.561, P¼
0.036 for serum miR-652-3p expression;

OR¼ 2.716, 95% CI¼ 1.788–4.942, P¼
0.012 for urinary miR-652-3p expression)

(Table 4).
For 180-day follow-up survival, miR-

652-3p mRNA expression was divided

into low and high expression groups on

the basis of its median value, and Kaplan–

Meier survival analysis was performed.

Survival curves show that patients with

high serum (Figure 3a) or urinary (Figure

3b) miR-652-3p mRNA expression had a

shorter survival time compared with those

with low miR-652-3p mRNA expression

(both P <0.05). Furthermore, clinical fea-

tures and miR-652-3p mRNA expression

were included in multivariate Cox regres-

sion analysis. This analysis showed that

serum and urinary miR-652-3p expression

independently predicted survival of patients

with AKI (hazard ratio¼ 2.903, 95% CI¼
1.475–6.714, P¼ 0.041 for serum miR-652-

3p expression; hazard ratio¼ 3.418, 95%

CI¼ 1.889–7.969, P¼ 0.013 for urinary

miR-652-3p expression; Table 5).

Discussion

During hospitalization, patients with

ADHF have a high risk of developing

AKI, which contributes to a poor prognosis

and high mortality. Therefore, one chal-

lenge for improving the clinical outcomes

of patients with ADHF is investigation of

novel biomarkers to accurately predict the

occurrence of AKI in patients with

ADHF.3 Serum creatinine levels are an

established biomarker for diagnosing AKI

from patients with ADHF, but its clinical

use is limited by its delayed results.20

Table 4. Prediction of renal recovery in patients with acute kidney injury using logistic analysis.

Variables

Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

Age 1.021 0.960–1.019 0.461 – – –

Sex 1.500 0.400–5.621 0.547 – – –

Diabetes history 1.510 0.364–3.267 0.571 – – –

Myocardial infarction history 1.869 0.460–4.630 0.154 – – –

Heart failure history 1.992 0.596–4.812 0.357 – – –

Coronary heart disease 1.582 0.621–3.120 0.285 – – –

Hypertension 2.720 0.845–5.631 0.107 – – –

Cardiomyopathy 1.852 0.689–3.523 0.551 – – –

LVEF 1.498 0.397–5.652 0.314 – – –

NT-pro-BNP 2.542 0.712–6.255 0.116 – – –

Serum albumin 1.522 0.516–4.491 0.126 – – –

Scr 1.856 1.096–3.842 0.035 1.756 1.066–3.415 0.044

eGFR 1.725 1.059–3.446 0.045 1.525 0.952–2.854 0.068

sNGAL 2.526 0.559–5.814 0.059 – – –

uNGAL 2.421 1.452–4.621 0.022 2.202 1.217–4.116 0.038

smiR-652-3p 2.589 1.528–4.777 0.019 2.400 1.389–4.561 0.036

umiR-652-3p 2.964 1.965–5.196 0.002 2.716 1.788–4.942 0.012

OR, odds ratio; CI, confidence interval; LVEF, left ventricular ejection fraction; NT-pro-BNP, N-terminal pro-brain natri-

uretic peptide; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; sNGAL, serum neutrophil gelatinase-

associated lipocalin; uNGAL, urinary neutrophil gelatinase-associated lipocalin; smiR-652-3p, serum microRNA-652-3p;

umiR-652-3p, urinary microRNA-652-3p.
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NGAL has recently been used as a classic
biomarker of AKI, which is closely related
to renal function.21 Our study also showed
that serum and urinary NGAL levels were

significantly upregulated in patients with
ADHF and AKI. Additionally, elevated
urinary NGAL levels could be used to pre-
dict AKI in patients with ADHF and were

Figure 3. Kaplan–Meier survival curves based on 180-day survival in patients with different serum and
urinary miR-652-3p levels. (a) High serum miR-652-3p levels were associated with a shorter survival time
(log-rank P¼ 0.013). (b) High urinary miR-652-3p levels predicted poor survival in patients with acute kidney
injury (log-rank P¼ 0.005).

Table 5. Cox regression analysis in patients with acute decompensated heart failure and acute kidney
injury.

Variables HR 95% CI P

Age 0.989 0.959–1.020 0.489

Sex 1.005 0.990–1.020 0.545

Diabetes history 1.798 0.498–6.489 0.370

Myocardial infarction history 1.775 0.091–14.407 0.705

Heart failure history 1.583 0.450–5.576 0.474

Coronary heart disease 1.193 0.338–4.208 0.783

Hypertension 2.347 0.620–5.891 0.202

Cardiomyopathy 0.473 0.084–2.653 0.395

LVEF 0.465 0.032–6.814 0.576

NT-pro-BNP 0.398 0.011–14.407 0.615

Serum albumin 0.726 0.276–1.911 0.517

Scr 0.443 0.133–1.471 0.184

eGFR 2.745 0.822–6.657 0.113

sNGAL 2.815 0.954–6.851 0.075

uNGAL 2.941 1.527–7.088 0.034

smiR-652-3p 2.903 1.475–6.714 0.041

umiR-652-3p 3.418 1.889–7.969 0.013

HR, hazard ratio; CI, confidence interval; LVEF, left ventricular ejection fraction; NT-pro-BNP, N-terminal pro-brain

natriuretic peptide; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; sNGAL, serum neutrophil gelatinase-

associated lipocalin; uNGAL, urinary neutrophil gelatinase-associated lipocalin; smiR-652-3p, serum microRNA-652-3p;

umiR-652-3p, urinary microRNA-652-3p.
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associated with the overall survival out-
come in patients with AKI. The diagnostic
and prognostic value of urinary NGAL
levels were better than that for serum
NAGL levels. This may be because urinary
NGAL levels are more likely reflect injury
in the kidney under the setting of ADHF.22

Despite NGAL being generally used to pre-
dict AKI, its modest performance in clinical
practices leads to an urgent requirement to
investigate novel efficient biomarkers to
achieve a more accurate early diagnosis of
AKI in patients with ADHF.

Accumulated studies have reported that
aberrantly expressed miRNAs serve pivotal
roles in development and progression of
various human diseases, including ADFH
and AKI.10,23 The miRNAs can be easily
detected from body fluid, such as serum
and urine, making them good diagnostic
and prognostic tools in human diseases.24

Serum miR-150 expression was found to
be decreased in patients with post-acute
myocardial infarction and heart failure,
and was useful as a biomarker for predict-
ing onset of heart failure.25 Another study
by Wang et al.26 provided evidence for ele-
vated circulating miR-21 levels as a diag-
nostic biomarker of type 2 cardiorenal
syndrome in patients with chronic heart
failure. With regard to the relationship
between miRNAs and AKI, aberrant
miR-494 expression was found to predict
the prognosis of AKI in children after car-
diac surgery.27 A previous study showed
that urinary miR-26b levels were elevated
in patients with sepsis-associated AKI,
and they could serve as a candidate bio-
marker for occurrence of AKI in patients
with sepsis.11 However, whether miRNAs
are related to the onset of AKI in patients
with ADHF is still unclear.

A previous study by Bernardo et al.14

showed that silencing of miR-652 amelio-
rated heart function under pathological
hypertrophy and cardiac dysfunction.
Circulating miR-652 levels are a biomarker

of acute coronary syndrome.15 Notably, a
study by Bruno et al.16 provided evidence
for miR-652-3p as an aberrantly expressed
miRNA that was related to worsening of
renal function in patients with acute heart
failure. However, the clinical significance of
miR-652-3p in the relationship with AKI in
patients with ADHF remains elusive. In our
study, serum and urinary miR-652-3p
mRNA expression was higher in patients
with ADHF and AKI compared with
those without AKI, and served as a risk
factor for occurrence of AKI. This finding
indicates the potential role of miR-652-3p
in determining development of AKI. To
determine the clinical value of NGAL in
diagnosis of AKI, this study evaluated
and compared the diagnostic performance
of NAGL and miR-652-3p levels. We found
that serum and urinary miR-652-3p levels
had a relatively high diagnostic accuracy
in differentiating patients with AKI from
those without AKI. Additionally, a better
diagnostic performance was observed
when using urinary miR-652-3p levels
than serum levels, which also might be
because urinary samples may directly indi-
cate injury in the kidney. Furthermore, this
study showed that the combination of uri-
nary NGAL and miR-652-3p levels had a
better diagnostic performance compared
with any indicator alone. This finding
implies that clinical use of urinary NGAL
levels for prediction of AKI in patients with
ADHF may be improved by considering
urinary miR-652-3p levels.

In addition to the diagnostic value, the
prognostic value of miR-652-3p was also
evaluated by analyzing renal recovery and
180-day survival. We found that high serum
and urinary miR-652-3p levels were associ-
ated with failure of renal recovery and a
poor prognosis in patients with ADHF
and AKI. Multivariate analysis showed
that miR-652-3p was an independent prog-
nostic factor for predicting renal recovery
and survival outcomes in patients with

10 Journal of International Medical Research



AKI. Although this study provided evi-

dence for the clinical significance of aber-

rant miR-652-3p levels in patient with

ADsHF and AKI, the biological function

of miR-652-3p in progression of AKI

remains unclear. The regulatory effect of

miR-652-3p on cell viability has been

reported in endometrial cancer,13 endothe-

lial repair28 and trophoblast cells.29

Whether miR-652-3p also plays a regulato-

ry role in renal cell viability during AKI

development is unclear. Therefore, further

investigation of this possibility is required.
This study has some limitations. One

limitation is the limited sample size, espe-

cially the small sample size of patients

with AKI. Additionally, the mechanisms

underlying aberrantly expressed miR-652-

3p acting in development of AKI are

unknown. Therefore, further investigations

are necessary to confirm the clinical and

functional role of miR-652-3p in develop-

ment and progression of AKI in patients

with ADHF.
Taken together, our results show that

serum and urinary miR-652-3p levels are

elevated in patients with ADHF and AKI,

and could serve as a candidate biomarker to

predict occurrence of AKI in patients with

ADHF. The combination of urinary

NGAL and miR-652-3p levels has an

improved predictive performance for AKI

onset. Additionally, upregulated serum

and urinary miR-652-3p levels predict a

poor 180-day survival in patients with

AKI, and this finding can be used to devel-

op a potential prognostic biomarker. The

findings of this study suggest a novel bio-

marker for diagnosis and prognosis of AKI

in patients with ADHF.
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