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Plasma miR-451 with echocardiography serves as a 
diagnostic reference for pulmonary hypertension
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Abstract
Due to the lack of typical clinical symptoms, the average delay time for diagnosis of pulmonary hypertension (PH) is longer than 2 

method alone, which may have implications for PH diagnosis.
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Introduction
Pulmonary hypertension (PH) is characterized by progressive 
blood vessel remodeling and increasingly pulmonary vascular 
resistance[1].  Long-standing PH leads to right heart failure or 
even sudden death.  Long-term functional prognosis of PH is 

-
[2], indicating that 

early diagnosis and intervention of PH are very important for 

delay time from symptoms to diagnosis of PH is longer than 

morbidity[3] -

been proposed that a mean pulmonary artery pressure (mPAP) 
greater than 25 mmHg can serve as a standard for diagnosis 
of PH[4]

[5], such as bleeding and vascular injury.  

doctors.  These limitations prohibit it from being a routine 
means of large-scale diagnosis for PH.  D-ECHO is another 

and valve movement.  The velocity of tricuspid regurgitation 

assess pulmonary artery pressure (PAP).  Per recommenda-

-
[6]

estimated by D-ECHO is often different from values measured 
by right heart catheterization, leading to misdiagnosis of PH .  

in PH diagnosis.
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MicroRNAs (miRNAs) are a class of endogenous small 

expression post-transcriptionally .  Recent studies have 

forms[10-12] -

diagnosis[13]

cardiac-specific miRNA, is significantly increased and has 
-

cardial infarction[14]

pathological processes[15, 16] -
formed studies in experimental (monocrotaline-induced) and 
human pulmonary arterial hypertension to search for plasma 

Materials and methods
Establishment of a PH mouse model

-
lines of the Animal Care and Use Committee of the Second 
Military Medical University (Shanghai, China).  The PH mouse 

.  Thirty-

group (n=10) and an MCT-induced PH group (n=28).  The PH 
n

MCT (n

Histological analysis

-
-

(H&E).

Plasma collection and storage

-
gation at 1500×g g for 10 min 

RNA preparation and quantitative reverse transcriptase 
polymerase chain reaction (qRT-PCR)

(MRC, TR126) according to the instructions of the manufac-

-

target miRNA in PH samples relative to that in control sam-
.

Patient population

Medical Ethics Committee in Shanghai Changhai Hospital.  

Cardiology, Shanghai Changhai Hospital, from June 2013 to 
-
-
-
-

infections, coronary heart disease, diabetes and abnormal 

included to analyze miRNA expression, including 53 PH cases 

data, brain natriuretic peptide, serum glucose and lipids, and 

Statistical analysis
-

mean±standard deviation.  For the normal distribution data, 
-

dent’s t

-

determine the diagnostic value of the biological indicators of 
PH.  All P

Results
MiRNAs were dynamically altered in healthy and PH human 
plasma according to microarray analysis

-
-

lected from 4 PH patients or 4 non-PH controls.  Of all detected 

-
-

viduals and controls, including 162 decreased miRNAs and 

their relative enrichment in the plasma in Figure 1.  The top 10 

plasma of the PH patient population.
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Detection of miRNAs in the plasma of PH and control mice using 
qRT-PCR

-
cally regulated in the plasma of PH and control groups, a PH 

-

-

composition of the infiltrates may be inflammatory cells, 
thrombosis, and proliferative smooth muscle cells, similar to 
previous observations[18-20].  Additionally, the right ventricles 
of hearts from PH mice displayed more hypertrophy than the 

-

expected, the expression levels of Nppa and myh7 -
cantly up-regulated, and myh6

to the control (Figure 2C).
After establishment and verification of the PH mouse 

groups[15]

miR-21, miR-23b, miR-26a, miR-126, miR-145, miR-150, miR-

-
ing miR-23b, miR-26a, miR-204, miR-320, miR-1246 and miR-
3162.  Of the detectable candidate miRNAs, miR-126, miR-145, 

-
-

tive qualities of individual mice are demonstrated in Figure 3.  

MiR-451 was significantly decreased in the plasma of PH 
patients
To determine the plasma level of miRNAs in PH patients, 

-
sion, including 53 PH cases and 54 controls.  The relative clini-

decreased in the PH patient population compared to the con-
trol group, indicating that circulating miR-451 might be able to 

Comparison of the diagnostic value of circulating miR-451 with 
D-ECHO for PH using the ROC 
To assess the clinical diagnostic value of circulating miR-

Figure 1.  
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that circulating miR-451 could be used as a diagnostic refer-

current clinical status of noninvasive diagnosis for PH.  As 

therefore analyzed the clinical diagnostic value of D-ECHO in 

for PH diagnosis, indicating that D-ECHO is similar to miR-
-

AUC=0.825 (Figure 5C), had a better diagnostic value than 
either miR-451 or D-ECHO alone.

Discussion

vs control mice and 
in patients suffering from PH vs control patients, indicating 
that plasma miR-451 has a diagnostic value for PH and is a 

insights into PH diagnosis.
Currently, right heart catheterization is the best method 

and gold standard for PH diagnosis.  The inclusion criteria for 

present study.  D-ECHO is another commonly used diagnostic 
indicator for early screening of PH.  As recommended[6], here, 

the clinical diagnostic value of D-ECHO in these patients, 
-
-

-

than that measured by right heart catheterization .  There 

rate for D-ECHO[21, 22]

the clinical diagnostic value of circulating miR-451 as a bio-

the current clinical status of PH, there are no gold-standard 
non-invasive diagnostic methods for PH.  For this reason, 

diagnostic references for PH.  As expected, the combination of 
-

[23-26] -

-

-

451 could serve as a diagnostic reference for PH.  The third 
category is metabolism-related molecules, such as 5-HT , 

-
ing miR-451 could be used as a moderate reference for PH.  

-

Figure 2.  

lung tissue from the PH model group was detected as having a more 

myh7) and atria natriuretic peptide 
(Nppa) 

myh6) was markedly down-regulated in the right heart 

*P **P
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Figure 3.  i.e

Table1.  General characteristics of the two groups of patients.

 Control group (n n

n

**

**

**

**

**P

Due to the limited number of patients enrolled in the present 

able to evaluate the progress of PH.  Therefore, it remains to 

large population.

miRNAs for qRT-PCR analysis in the animal model and large-

-

animal models or large PH patient populations, such as miR-
21, miR-150, miR-320d, miR-1246 and miR-3162.  Several of 
these candidate miRNAs could not be detected, such as miR-
204, miR-1246 and miR-3162.  Although miR-21 and miR-150 

patients, possibly due to different detection sensitivities and 

increased in the plasma of PH patients[15]

due to different patient populations and different examina-

miRNAs.  Tissue-specific expressed miRNAs may serve as a 

miR-145.  MiR-126, an endothelial cell-specific miRNA[31], 
might be released into the blood upon endothelial cell injury.  

-
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patient population or the control and experimental animal 
-

cifically expressed in smooth muscle cells and involved in 
vascular endothelium injury[32].  Unfortunately, no alteration 

plasma-enriched miRNAs as objects of investigation, among 
-

trol and PH patient populations.  Unexpectedly, in our ani-

Figure 5.  
P

Figure 4.  
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MCT administration, suggesting that miR-451 might decline 

some prognostic value for PH.  More interestingly, miR-451 

of animal models and PH patient populations.  The difference 

possibly saturating the detection signals of the microarray to 

observed that plasma miR-451 is different in animals and 

artery remodeling.

-
logical processes of PH.  A survey of miRNA analysis using 

patients[15]

-

-
-

plasma miR-204 significantly declined in PH[16]

choose miR-204 as a potential target to validate its potential as 
-

tion study using qRT-PCR.

the pathogenesis of PH, miR-150[33, 34], miR-21[35, 36], miR-126 , 
miR-145[38] and miR-424 .  These miRNAs might have impli-
cations in the pathophysiology or therapeutics of PH.  For 

to sustain the bone morphogenetic protein receptor 2 signal-
.  As miR-451 is the most enriched miRNA in 

451 is just an indicator for PH or is involved in regulating PH 

-

[18-20].  
miRNAs have been reported to exist as microparticles, apop-

-
ent cell types[10-12, 40]

miR-451 might affect the functions of endothelial cells or 
smooth muscle cells.  The endothelial cells or smooth muscle 

or pathological functions, such as apoptosis and proliferation.  

miR-451 is protective in the development of PH[41].  Therefore, 

target mRNA in endothelial or smooth muscle cells.

-

might have implications for PH therapeutic outcomes.
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