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Abstract

Objective: To determine if plasma exosomal microRNAs (miRNAs) can predict survival in
patients with idiopathic pulmonary arterial hypertension (IPAH).

Methods: The study enrolled patients with IPAH that underwent right heart catheterization.
Plasma was collected and exosomal miRNAs were extracted. Exosomes were evaluated using
transmission electron microscopy, Western blot analysis and particle size distribution analysis.
MiRNAs were evaluated using a miRNA microarray and validated using real-time polymerase
chain reaction.

Results: This study included 12 patients with IPAH in the study group and 48 patients with IPAH
in the validation group. The mean =+ SD follow-up duration was 60.3 & 35.4 months in the overall
cohort. The levels of miR-596 were higher in the nonsurvivors compared with the survivors. The
levels of miR-596 significantly correlated with survival time, mean right atrial pressure, pulmonary
vascular resistance (PVR) and cardiac index. High levels of miR-596 and PVR were significantly
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associated with poor overall survival. Multivariate analysis demonstrated that exosomal miR-596
(hazard ratio [HR] = 2.119; 95% confidence interval [CI] 1.402, 3.203) and PVR (HR = 1.146; 95%
CI 1.010, 1.300) were independent predictors of survival.

Conclusions: High levels of plasma exosomal miR-596 were significantly associated with disease
severity and poor prognosis of patients with IPAH.
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Introduction

Idiopathic pulmonary arterial hypertension
(IPAH) is a disease of the small muscular
pulmonary arteries characterized by a pro-
gressive rise in pulmonary artery pressure
and pulmonary vascular resistance (PVR)
with no apparent cause, which eventually
results in death from right heart failure.'
The gold standard of IPAH diagnosis is
based on the multiple haemodynamic indices
measured by the right heart catheterization
(RHC), such as PVR, mean pulmonary
artery pressure (mPAP), mean pulmonary
arterial wedge pressure (mPAWP) and
others.? In addition to the diagnostic value,
some haemodynamic parameters could be
used as biomarkers to evaluate the prognosis
of IPAH patients.> However, these parame-
ters are obtained through invasive examina-
tion and much better biomarkers should be
developed urgently.

Exosomes are a class of small extracellu-
lar vesicles with a diameter of 50-150 nm,
which are derived from multivesicular endo-
somes fusing with the plasma membrane.*
Secreted exosomes can be taken up by the
recipient cells and the contents of exosomes
are also delivered into the recipient cells and
play important roles in disease development,
which represents a novel intercellular com-
munication pathway.® MicroRNAs

(miRNAs) are essential cargo molecules in
exosomes.” Many studies have demonstrated
that miRNAs play important roles in the
occurrence and development of IPAH.* !
For example, a previous study demonstrated
that exosomes derived from HIV-infected
and cocaine-treated macrophages promoted
pulmonary smooth muscle proliferation by
delivering its pro-survival miRNA cargo,
which might play a crucial role in the devel-
opment of IPAH.' Although exosomal
miRNAs regulate many key drivers of the
pathology of pulmonary hypertension,'* '
the plasma exosomal miRNAs that could
predict prognosis of IPAH patients remain
unknown.

This current study compared plasma
exosomal miRNA levels between survivors
and nonsurvivors in order to investigate the
association between exosomal miRNA and
survival with a view to providing optimal
prognostic information for clinical practice
in IPAH.

Patients and methods

Study population

This study enrolled adult patients with
IPAH to the study group between May
2010 and April 2012 and an additional
group of adult patients with TPAH were
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recruited to the validation group between
May 2013 and September 2016 in the

Department of Cardio-Pulmonary
Circulation, Shanghai Pulmonary
Hospital, Tongji University School of

Medicine, Shanghai, China. The diagnosis
of IPAH in the two groups of patients was
established according to the European
Society of Cardiology (ESC) and the
European Respiratory Society (ERS) guide-
lines from that time.'>'® Specifically, the
inclusion criteria for patients in the two
groups were as follows: (i) patients
with mPAP > 25mmHg; (ii) patients with
mPAWP < 15mmHg; (iii) patients with
PVR >3 Wood units; (iv) all other causes
of PAH had been excluded. Patients with
PAH associated with a definite cause such
as connective tissue disease and congenital
heart disease, and those with pulmonary
hypertension due to left heart disease, pul-
monary hypertension due to left heart dis-
ease and chronic  thromboembolic
pulmonary hypertension and other pulmo-
nary artery obstructions were excluded.
Patients with acute or chronic illnesses
that might influence plasma contents (i.c.
acute or chronic infections, chronic autoim-
mune diseases and primary endocrine disor-
ders) and patients receiving any treatment
with drugs that markedly inhibit exosome
production, either at the time of the study
or in the past, were also excluded.

The study protocol was reviewed and
approved by the Ethics Committee of
Shanghai Pulmonary Hospital, Tongji
University School of Medicine, Shanghai,
China (no. K20-195Y). Written informed
consent was obtained from each patient
prior to the performance of any study-
related procedures.

Measurements at baseline and during
follow-ups

Demographic data including sex, age, body
surface area (BSA), 6-minute walk distance

(6MWD), N-terminal pro-brain natriuretic
peptide, World health Organization func-
tional class and haemodynamic parameters
were recorded. Haemodynamic parameters
were collected at baseline by RHC as
described in previous study.'” The 6MWD
test was performed according to the guide-
lines of the American Thoracic Society.'®

Follow-up intervals were decided by the
treating physician based on the individual’s
healthcare needs. Patients with PAH were
encouraged to attend for follow-up every 3—
6 months as where patients with relatively
unstable conditions (those with rapid dis-
ease progression and poorly controlled dis-
ease). Patients with well controlled
conditions that had no obvious deteriora-
tion were recommended to be followed up
every 6-12 months by outpatient or tele-
phone interview according to the ESC/
ERS guidelines.'® The primary outcome
was all-cause mortality. Survival was esti-
mated from the date of confirmation to
8 November 2020 in the two groups of
patients.

Exosome purification and identification

Blood samples (5 ml) were collected into
ethylenediamine tetra acetic acid anticoag-
ulant tubes and centrifuged at 3000 g for 15
min at 4°C in an Eppendorf® Centrifuge
5910R (Eppendorf, Hamburg, Germany).
The upper aqueous phase (plasma) was
then transferred to tubes and stored at
—80°C until used for analysis. The exo-
somes were extracted from 700ul of
thawed plasma (4°C) per patient using
ExoQuick-TC™  Exosome Precipitation
Solution (System Biosciences, Palo Alto,

CA, USA).
A NanoSight NS300 instrument
(Malvern  Panalytical, Malvern, UK)

equipped with a sCMOS camera (Applied
Nikon, Tokyo, Japan) was used to analyse
the size distribution and concentration of
exosomes. The  NanoSight  NS300
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instrument uses Nanoparticle Tracking
Analysis technology, which combines light
scattering and Brownian motion, to mea-
sure the size and concentration of particles
in the exosomal supernatants. After the
exosomes had been isolated, the pellets
were resuspended in 100 pl of filtered 0.01
M phosphate-buffered saline (pH 7.4) and
then diluted 100 x. The conditions of the
measurements were as follows: temperature
of 25°C; viscosity of 1 cP; 25 s per capture
frame; measurement time of 60s. The
results indicate the mean sizes and concen-

tration of at least three individual
measurements.
Two marker proteins of exosomes

(tumour susceptibility gene 101 protein
[TSG101] and CD63) were determined by
Western blot analysis as described in a pre-
vious study.'” Exosomes were lysed in
RIPA lysis and extraction buffer (Thermo
Fisher Scientific, Rockford, IL, USA).
Protein concentration was determined
using the BCA Protein Assay Kit (Pierce
Biotechnology, Rockford, 1L, USA).
Proteins from the exosomes were separated
by sodium dodecyl sulphate—polyacryl-
amide gel electrophoresis and then electro-
phoretically transferred to polyvinylidene
difluoride membrane (Millipore, Billerica,
MA, USA; Bio-Rad, Hercules, CA, USA).
The membrane was then blocked for I h in
blocking buffer (5% non-fat milk, 0.1%
Tween 20 and 0.01 M phosphate-buffered
saline [PBS], pH 7.4) at room temperature
and then washed twice with 0.01 M PBS
(pH 7.4). The membrane was incubated
overnight at 4°C with rabbit or mouse
anti-human polyclonal antibodies for
TSG101 and CD63 gboth 1:1000; Cell
Signaling Technology , Danvers, MA,
USA). Membranes were washed three
times with Tris-buffered saline-Tween 20
(TBST; pH 7.5; 20 mmol/l Tris—HCI, 150
mmol/l sodium chloride, 0.1% Tween-20)
(EpiZyme, Shanghai, China) for 10 min
each wash at room temperature, followed

by horseradish peroxidase-conjugated sec-
ondary anti-rabbit or anti-mouse secondary
antibodies ®(both 1:2000; Cell Signaling
Technology ) for 1 h at room temperature.
Membranes were washed three times with
TBST (pH 7.5) for 10 min each wash at
room temperature. Antigen—antibody com-
plexes were visualized using Pierce ECL
Western  Blotting  Substrate  (Thermo
Fisher Scientific). The immunoblots were
determined using Image J software
(National Institutes of Health, Bethesda,
MD, USA).

MiIRNA microarray analysis

Total RNA was extracted using TRIzol"
(Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s protocol. Total RNA
(5 pg) from each sample was labelled and
hybridized on miRNA microarray chips
(Exiqon, Vedbaek, Denmark) as previously
described.”® A mirVana™ qRT-PCR
miRNA Detection Kit (Thermo Fisher
Scientific) was used to detect the expression
of plasma exosomal miRNAs in the study
group. Real-time polymerase chain reaction
(PCR) was used to verify the results of the
study group and to confirm the results of
the validation group. The real time PCR
amplification was performed using a stan-
dard SYBR" Green PCR protocol on an
Applied  Biosystems 7500  Sequence
Detection System (Applied Biosystems,
Foster City, CA, USA). The primer sequen-
ces for real-time PCR were as follows: miR-
411-3p forward, 5-ACACTCCAGCTG
GGTATGTAACACGGTC-3', reverse 5'-
CAGTGCGTGTCGTGGAGT-3; miR-
493-5p forward, 5-ACACTCCAGCTGG
GTTGTACATGGTAGGCT-3/, reverse,
5-CAGTGCGTGTCGTGGAGT-3'; miR-
596 forward, 5-ACACTCCAGCTGGG
AAGCCTGCCCGGCTC-3, reverse, 5'-C
AGTGCGTGTCGTGGAGT-3; miR-
4685-3p forward, 5-ACACTCCAGCTGG
GTCTCCCTTCCTGCCCT-3, reverse,
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5-CAGTGCGTGTCGTGGAGT-3; U6 of<0.05 was considered statistically
(internal reference control) forward, 5'- significant.
CTCGCTTCGGCAGCACA-3', reverse,

5-AACGCTTCACGAATTTGCGT-3". All Results

of the primers were synthesized by Sangon
Biotec (Shanghai, China). The cycling pro-
gramme involved preliminary denaturation
at 95°C for 5 s, followed by 40 cycles of
denaturation at 60 °C for 20 s, annealing at
62°C for 1 s and final elongation at 72°C
for 1 s. Data were managed using the RQ
Manager  vl.2.1 software  (Applied
Biosystems). The 2-44€" method was used
to determine the relative quantification of
expression levels.

Statistical analyses

All statistical analyses were performed
using IBM SPSS Statistics for Windows,
Version 19.0 (IBM Corp., Armonk, NY,
USA) and GraphPad Prism version 6
(GraphPad Software Inc., San Diego, CA,
USA). Results are presented as mean + SD
or median (interquartile range) for contin-
uous variables and absolute number for
categorical variables. Independent-sample
t-test or Mann—Whitney U-test was used
to compare the difference between mean
values for continuous variables and y>-test
was used to assess the distribution differ-
ence for categorical variables. Correlations
were evaluated using Spearman’s rank cor-
relation coefficient. The Kaplan—-Meier
method was used to generate survival
curves and the log-rank test was used to
compare the difference of survival curve
between  different groups. Receiver-
operating characteristic (ROC) curves and
the areas under the curves were determined
to assess the predictive power of factors.
Standardization of the coefficient was usu-
ally performed to find out which of the
independent variables had a greater effect
on the dependent variable in a multiple
regression analysis. A two-tail P-value

The study enrolled 12 IPAH patients in the
study group and 46 IPAH patients in the
validation group that matched the inclusion
criteria. The demographic and haemody-
namic data are presented in Table 1. The
mean+SD age was 36.3+1.8 years in
the study group and 44.6+15.6 years in
the validation group. The mean &+ SD dura-
tion of follow-up was 60.3 + 35.4 months in
all patients. All 58 patients (100%) were
fully followed up in the current study.
Four patients (two males) and 15 patients
(six males) passed away in the study and
validation groups, respectively. Patients
were further subgrouped into survivors
and nonsurvivors in order to undertake fur-
ther analyses.

In the combined cohort from the study
and validation groups, there were no signif-
icant differences in the demographic char-
acteristics between SUrvivors and
nonsurvivors (Table 2). The heart rate was
significantly higher in the nonsurvivors
compared with the survivors (P=0.025).
The mean right atrial pressure (mRAP),
mPAP, mPAWP and PVR were significant-
ly higher in the nonsurvivors compared
with the survivors (P < 0.05 for all compar-
isons). The cardiac output and cardiac
index were significantly lower in the non-
survivors compared with the survivors
(P<0.05 for both comparisons). There
were no significant differences in the spe-
cific medications administered to nonsurvi-
vors and survivors.

The classical and clear vesicle structure
of the exosomes could be observed clearly
under transmission electron microscopy
(Figure la); exosomal markers TSG101
and CD63 were both detected by Western
blot analysis (Figure 1b); and the diameter
of the majority of the exosomes ranged
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Table |. Baseline demographic and haemodynamic characteristics of patients with idiopathic pulmonary
arterial hypertension (IPAH) that were enrolled in a study to investigate if plasma exosomal miRNA levels

can predict prognosis.

Characteristic

Study group n=12

Validation group n=46

Baseline characteristics

Age, years 363+1.8 446+ 15.6
Sex, male/female 517 18/28
Nonsurvivors 4 15
Heart rate, beats/min 835+173 80.6 £ 13.1
SBP, mmHg 113.0+20.2 1155£19.9
DBP, mmHg 71.7+11.8 709+ 138
BSA, m? 1.6 +0.1 1.6+0.2
6MWD, m 37891848 362.8+925
WHO-FC, n (%)
=l 4 (33.3) 17 (37.0)
v 8 (66.7) 29 (63.0)
Haemodynamic characteristics
mRAP, mm Hg 6.4+54 59+45
mPAP, mm Hg 69.7+22.0 63.0+10.6
mPAWP, mm Hg 9.6+25 72+34
PVR, Wood units 170+ 4.6 153+£42
CO, I/min 42+1.5 44+12
Cl, I/min/m? 26£1.0 28+07
Specific medications
PDE-5 inhibitors 4 (33.3) 18 (39.1)
ERA 3 (25.0) 10 (21.7)
Prostacyclin analogues 2 (16.7) 5 (10.9)
Combination 2 (16.7) I (23.9)
Nonspecific medication 1 (8.3) 2 (4.3)

Data presented as mean + SD or n of patients (%).

SBP, systolic blood pressure; DBP, diastolic blood pressure; BSA, body surface area; 6MWD, 6-minute walk distance;
WHO-FC, World Health Organization Functional Class; mRAP, mean right atrial pressure; mPAP, mean pulmonary arterial
pressure; mPAWP, mean pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; CO, cardiac output; Cl,
cardiac index; PDE-5, phosphodiesterase type 5; ERA, endothelin receptor antagonist.

from 30 to 150 nm (Figure 1c). The levels of
plasma exosomal miR-411-3p, miR-4685-
3p, miR-493-5p and miR-596 were signifi-
cantly higher in nonsurvivors compared
with survivors in the study group
(P=0.005, P=0.012, P=0.007 and
P=0.010, respectively; Figures 1D-1QG).
Similar results for miR-596 as measured
by real-time PCR are shown in both the
study and validation groups (P <0.05 for
all comparisons, Figures 2A-2C).

In the combined cohort from the study
and validation groups, correlations were

identified  between several exosomal
miRNAs and haemodynamic characteris-
tics (Table 3). Significant negative correla-
tions were found between survival time
(-0.647; P <0.0001), cardiac index (-0.374;
P =0.0005) and miR-596 levels. There were
significant positive correlations between
mRAP (0.508; P<0.0001), PVR (0.713;
P <0.0001) and miR-596 levels.

Univariate and multivariate analyses
showed that the levels of plasma exosomal
miR-596 and PVR were independent pre-
dictors of survival in the study group
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Table 2. Baseline demographic and haemodynamic characteristics of patients with idiopathic pulmonary
arterial hypertension (IPAH) in the study and verification groups stratified according to survival during

follow-up.

Characteristic

Nonsurvivors n=19

Survivors n=39 Statistical significance®

Baseline characteristics

Age, years 36.1 £14.6 43.0+16.0 NS
Sex, male/female 8/11 15/24 NS
Heart rate, beats/min 86.6 +10.5 772 +13.5 P=0.025
SBP, mmHg 111.2£206 115.7+£20.6 NS
DBP, mmHg 70.7+13.2 71.0+ 145 NS
BSA, m’ 1.6£0.1 1.6+0.1 NS
Survival time, months 183+ 12.6 80.8 +22.2 P < 0.0001
6MWD, m 337.7+98.6 377.9+85.4 NS
WHO-FC NS
- 10 (52.6) 18 (46.2)
n-v 9 (47.4) 21 (53.8)
Haemodynamics
mRAP, mm Hg 7.1+54 40+38 P=0.036
mPAP, mm Hg 62.7+15.7 5294132 P=0.018
mPAWP, mm Hg 9.3+42 6.7+27 P=0.030
PVR, Wood units 148 +£5.7 10.9 £4.1 P=0.006
CO, I/min 38+ 1.7 47+1.3 P=0.013
Cl, l/min/m? 24+06 29+0.8 P=0.012
Specific medications NS
PDE-5 inhibitors 9 (47.4) 18 (46.2)
ERA 5 (26.3) 8 (20.5)
Prostacyclin analogues 2 (10.5) 5(12.8)
Combination 3 (15.8) 5(12.8)
Nonspecific medication 0 (0.0 3(7.7)

Data presented as mean + SD or n of patients (%).

?Independent-sample t-test or Mann—Whitney U-test was used to compare continuous variables and x*-test was used to
compare categorical variables.

SBP, systolic blood pressure; DBP, diastolic blood pressure; BSA, body surface area; 6MWD, 6-minute walk distance;
WHO-FC, World Health Organization Functional Class; mRAP, mean right atrial pressure; mPAP, mean pulmonary arterial
pressure; mPAWP, mean pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; CO, cardiac output; Cl,
cardiac index; PDE-5, phosphodiesterase type 5; ERA, endothelin receptor antagonist; NS, no significant between-group

difference (P > 0.05).

(P <0.05 for both; Table 4). To assess the
predictive power of plasma exosomal miR-
596 levels and PVR in patients with IPAH,
ROC analysis was undertaken in the com-
bined cohort from the study and validation
groups (Table 5). ROC analysis demon-
strated that the cut-off values of plasma
exosomal miR-596 (cut-off 2.6) and PVR
(cut-off 12.6 Wood units) discriminated
survivors from nonsurvivors with a

sensitivity of 70.6% and 76.5% and specif-
icity of 92.3% and 66.7% in all patients,
respectively (P <0.0001 and P=0.007,
respectively).

Kaplan—Meier curves that were generat-
ed according to the cut-off values of exoso-
mal miR-596 (cut-off 2.6) and PVR (cut-off
12.6 Wood units) showed that patients with
lower levels of exosomal miR-596 and PVR
presented with a significantly better
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Figure |. The characterization of plasma exosomes and several exosomal microRNAs (miRNAs) in
patients with idiopathic pulmonary arterial hypertension (IPAH) in the study group (n=12). (a) Images of
plasma exosomes under transmission electron microscopy. (b) The levels of two exosome markers, tumour
susceptibility gene 101 protein (TSGI0I) and CDé63, in exosomes as determined by Western blot analysis.
(c) Particle size distribution of exosomes. (D—G) The levels of several plasma exosomal miRNAs in patients
with IPAH stratified according to survival during follow-up. Data presented as dot plots with the mean
shown as the central black horizontal line and the error bars indicating the SD; independent-sample t-test.

prognosis than those with higher levels of
exosomal miR-596 and PVR in the com-
bined cohort from the study and validation
groups (Log rank P < 0.0001 and P =10.002,
respectively; Figures 3A and 3B). The com-
bination of the two independent predictors

identified subgroups with significantly dif-
ferent probabilities of survival (Log rank
P <0.0001; Figure 3¢). The subgroup with
miR-596 < 2.6 and PVR < 12.6 Wood units
had better survival than the other three sub-
groups. While the subgroup with miR-596
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Figure 2. The levels of plasma exosomal microRNA (miR)-596 measured by real-time polymerase chain
reaction in patients with idiopathic pulmonary arterial hypertension in the study (n= 12) and validation
groups (n=46). (a) The levels of plasma exosomal miR-596 in the study group. (b) The levels of plasma
exosomal miR-596 in the validation group. (c) The levels of plasma exosomal miR-596 in the study and
validation groups. Data presented as dot plots with the mean shown as the central black horizontal line and
the error bars indicating the SD; Mann—Whitney U-test.

Table 3. The correlations between exosomal microRNA (miR)-596 and haemodynamic parameters in
patients with idiopathic pulmonary arterial hypertension in the study and verification groups.

miR-596 Survival time mRAP PVR Cl
miR-596 —-0.647 0.508 0.713 -0.374
Survival time P <0.0001 -0.191 -0.366 0.316
mRAP P <0.0001 NS 0.581 -0.075
PVR P <0.0001 P =10.0006 P < 0.0001 —0.497
@] P =0.0005 P=0.019 NS P=0.0001

The upper right half (dark grey) are the Spearman’s rank correlation coefficients and the lower left half (light grey) are the

associated P-values.

mRAP, mean right atrial pressure; PVR, pulmonary vascular resistance; Cl, cardiac index; NS, no significant correlation (P >

0.05).
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Table 4. Results of univariate and multivariate analyses of survival in relation to selected miRNAs levels in
patients with idiopathic pulmonary arterial hypertension in the study group.

Univariate analysis Multivariate analysis

Characteristic HR (95% CI) P-value HR (95% CI) P-value
Age 0.974 (0.943, 1.006) NS

Sex 0.844 (0.339, 2.099) NS

BSA 1.123 (0.952, 1.326) NS

6MWD 0.995 (0.990, 1.001) NS

WHO-FC 0.834 (0.413, 1.687) NS

mRAP 1.121 (1.027, 1.224) P=0.010

mPAP 1.036 (1.008, 1.064) P=0.011

mPAWP 1.213 (1.050, 1.403) P=0.009

PVR I.155 (1.050, 1.270) P=0.003 1.146 (1.010, 1.300) P=0.034
Cl 0.038 (0.138, 0.800) P=0.011

miR-596 I.164 (1.011, 1.340) P=0.034 2.119 (1.402, 3.203) P <0.0001

HR, hazard ratio; Cl, confidence interval; BSA, body surface area; 6MWD, 6-minute walk distance; WHO-FC, World
Health Organization Functional Class; mRAP, mean right atrial pressure; mPAP, mean pulmonary arterial pressure;
mPAWP, mean pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; Cl, cardiac index; miR,
microRNA; NS, no significant correlation (P > 0.05).

Table 5. Receiver operating characteristic analysis of microRNA (miR)-596 and pulmonary vascular
resistance (PVR) in patients with idiopathic pulmonary arterial hypertension in the study and verification

groups.

Variables Cut-off value Sensitivity Specificity AUC 95% ClI P-value
miR-596 2.6 70.6% 92.3% 0.855 0.749, 0.962 P <0.0001
PVR 12.6 76.5% 66.7% 0.727 0.567, 0.887 P=10.007

AUC, area under the curve; Cl, confidence interval.

> 2.6 and PVR > 12.6 Wood units had the
worst survival among these four subgroups.

Discussion

Circulating miRNAs can be used as bio-
markers for various diseases. For example,
previous research has demonstrated that
plasma miRNAs in patients with pulmo-
nary hypertension are of value in their diag-
nosis and prognosis.?' > Although several
studies suggest that plasma miRNAs could
predict the prognosis of PAH,?' %* evidence
for plasma exosomal miRNAs in PAH is
limited."*'* To the best of our knowledge,

this is the first study to demonstrate a sig-
nificant predictive value for exosomal miR-
596 levels in predicting survival in patients
with IPAH.

The main finding in the present study
was significantly higher levels of exosomal
miR-596 in nonsurviving patients with
IPAH compared with surviving patients
with IPAH, which suggests a role for exo-
somal miR-596 in the course and progres-
sion of IPAH. Studies on miR-596 in PAH
are very limited, but some studies demon-
strated a relationship between miR-596 and
malignant diseases.”> 2’ Previous studies
found that circulating miR-596 levels were
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Figure 3. Kaplan—Meier survival curve analyses in patients with idiopathic pulmonary arterial hypertension
in the study (n = 12) and validation groups (n =46). (a) Analysis based on microRNA (miR)-596 levels (cut-
off 2.6). (b) Analysis based on pulmonary vascular resistance (PVR) levels (cut-off 12.6 Wood units).

(c) Combined analysis with both miR-596 and PVR levels.

a predictor of overall survival in patients
with ependymoma and a predictor of recur-
rence in patients with early stage colon
cancer.”>?® In oral squamous cell carcino-
ma with the pattern of DNA hypermethy-
lation, miR-596 levels were

downregulated.”” Interestingly, another
study concluded that miR-596 levels were
upregulated in craniopharyngiomas.® This
previous study was consistent with the cur-
rent findings,?® which suggest that the upre-
gulation of exosomal miR-596 might be a
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regulator in IPAH. However, this needs fur-
ther verification.

Several studies have focused on the
mechanism of action and targets of
miR-596 as a cancer suppressor.’’ 2% A pre-
vious study found that miR-596 regulated
the promotion and development of
bladder cancer by modulating the expres-
sion of matrix metalloproteinase 9.°2
Overexpressed miR-596 downregulated cell
proliferation, migration and invasion but
upregulated cell apoptosis in melanoma
cells through inhibiting MAPK/ERK sig-
nalling.*® Another study confirmed that
overexpressed miR-596 induced an increase
of p53-mediated apoptosis in HelLa and
HCTI116 cells.** However, more research
into the role of exosomal miR-596 in
IPAH is required. For example, investiga-
tions into miR-596 expression in pulmonary
tissue and pulmonary arterial muscle cells;
and the mechanism of action, the targets
and signal pathways involved in the pro-
gression of IPAH should be undertaken.

The current study demonstrated signifi-
cant correlations between exosomal miR-
596 levels and haemodynamic parameters
in the combined cohort of patients with
IPAH from the study and validation
groups, which suggested that exosomal
miR-596 could be a valuable predictor for
IPAH prognosis. The levels of exosomal
miR-596 and PVR predicted survival in
patients with IPAH in the current study.
An area under the curve of 0.855 measured
in the ROC analysis demonstrated the
prognostic value of miR-596, with high sen-
sitivity (70.6%) and specificity (92.3%).
The optimal cut-off value ROC analysis
suggested that both exosomal miR-596
and PVR had good sensitivity and specific-
ity in the prognosis of IPAH. This might be
an indicator of earlier changes in miR-596
that are similar to PVR. This result indicat-
ed that plasma exosomal miR-596 levels
could predict the survival rate of patients
with IPAH.

This current study had several limita-
tions. First, due to the small sample size,
the generalizability of these current findings
should be further confirmed in a larger
study population. Secondly, more clinical
outcomes in addition to survival should be
considered during follow-up. Thirdly, these
clinical findings need in vitro studies to
identify the potential pathophysiological
mechanisms involved.

In conclusion, this current study found,
for the first time, a significant difference in
the levels of plasma exosomal miR-596
between surviving and nonsurviving
patients with IPAH. Plasma exosomal
miR-596 levels appear to be an independent
predictor of survival, which would provide
a reference for clinical prognosis and the
assessment of disease severity in patients
with IPAH.
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