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1. Rat Model of AVS

Sprague-Dawley rats (weight 200-250 g) were anesthetized with inhaled isoflurane. Briefly, following a midline
abdominal incision, the inferior vena cava (IVC) and aorta were exposed. The aorta was punctured with a 20G dispos-
able needle, and the needle was gradually introduced across the aorta and penetrated the neighboring wall of the IVC.

2. Echocardiography Measurements in Rats

Rats were anesthetized with 1.5% isoflurane and imaged in the supine position, and heart rates were maintained
between 400-500 bpm. Using a S6 (General Electric, Boston, MA, USA) echo machine imaging system with a 40-MHz
linear probe, a standard 2D echocardiographic study was initially performed in the parasternal long-axis view for as-
sessment of LV dimensions and function [1]. Image depth, width and gain settings were used to optimize image quality.
Frame rates were > 150 Hz. By sequential echocardiography, the interventricular septum thickness in diastole (IVSd),
left ventricular internal diameter in diastole (LVIDd), LVEF and fractional shortening (FS) were measured.

3. Histopathological Characterization and Mir-21 In Situ Hybridization

After euthanasia, the hearts of rats from each group were excised for histology and molecular analyses. The weight
of heart tissue and length of tibia were measured. For histopathological examination, the heart tissue was fixed in 4%
paraformaldehyde and embedded in paraffin (Alfa Aesar, Lancashire, UK). The paraffin-embedded sections of mouse
hearts stained with hematoxylin and eosin were examined for morphology and hypertrophy as well as Masson’s tri-
chrome stained for evaluation of the level of fibrosis. F-actin and Vimentin (Abcam, Cambridge, MA, USA) were stained
as the landmark proteins for cardiomyocytes and fibroblast, respectively. The miR-21 oligonucleotide probe was designed
and purchased from Li-Tzung biotechnology (Kaohsiung, Taiwan). The staining method has been described previously
[2,3]. In brief, five-micrometer-thin sections of FFPE tissues adhered to glass slides were deparaffinized in three consec-
utive xylene, followed by serial dilutions of ethanol and diethyl pyrocarbonate—treated water. Slides were then hybrid-
ized in incubation chambers overnight at 37 °C in an oven, using 0.2 umol/L miR-21 oligonucleotide probes. An anti-FITC
peroxidase-conjugated antibody (MERCK Millipore, Massachusetts, USA and Sigma-Aldrich Co., St Louis, MO, USA)
at 1:100 dilution in TBS/1% bovine serum albumin was applied to the slides for 60 min followed by an anti-FITC anti-
body conjugated for another 30 min at room temperature.

4. RNA Isolation and Quantitative Real Time-Polymerase Chain Reaction

Total RNA was isolated from myocardium and H9C2 with Trizol (Ambion, Thermo Fisher Scientific, Waltham,
MA, USA). cDNA was generated using the Tagman MicroRNA Assays (Foster City, CA, USA). The mRNA level of
miR-21 was measured using the 7500 Fast Real-Time PCR system (Applied Biosystems, Foster City, CA, USA). The
expression level of miRNA was normalized to GAPDH and U6, respectively. Relative expression levels were calculated
with the 2-24¢ method. Primer sequences used in the present study were showed in Table S1.

5. Transfection

After starvation for 6 h, the H9C2 cardiomyocytes were transfected with miR-21 mimic (5’-uagcuuaucagacugau-
guuga-3’), miR-21 inhibitor (5’-ucaacaucagucugauaagcua-3’) or scrambled control (QIAGEN, Cambridge, MA, USA) at
a final concentration of 5 and 20 nM using TransIT-X2® transfection reagent (Mirus, Madison, WI, USA), respectively.
At 24 or 48 h after transfection, the cells were harvested for further study.

6. Tunel Assays

Cardiomyocyte apoptosis was quantified by the TdT-mediated dUTP Nick-End Labelling (TUNEL) technique
(Promega, Madison, WI, USA). Formalin-fixed sections (10 pum) were treated with proteinase K (20 ug/mL) and then
with fluorecein-12-dUTP (50 pm) in the presence of dATP (100 uM) and TdT enzyme at 37 °C. Positive controls were
achieved by the treatment of DNase I (1ug/mL, Boehringer Mannheim, Australia). Nuclei were labelled with DAPI
(Sigma-Aldrich Co., St. Louis, MO, USA)

7. Western Blot
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Equal amounts of proteins were extracted for heart tissues or primary cultured cardiomyocytes and were quanti-
fied using the BCA assay (Thermo Fisher Scientific, Waltham, MA, USA). The extracted protein was separated using
sodium dodecyl sulfate-polyacrylamide (SDS) gel electrophoresis and transferred onto polyvinylidene fluoride (PVDF)
microporous membranes (MERCK Millipore, Burlington, MA, USA). The membrane was blocked with 5% milk and
then incubated with antibodies against Caspase 3 (1:500), Bad (1:1000), SPRY2 (1:1000), Erk (1:1000), Akt (1:1000, Cell
Signaling, MA, USA), PTEN (1:1000, St Johns, London, UK) or GAPDH (1:3000, Abcam, Cambridge, MA, USA) in TBS
buffer at 4 °C overnight. After incubation, the membrane was incubated with horseradish peroxidase-conjugated anti-
rabbit/mouse IgG (1:5,000, MERCK Millipore, Burlington, MA, USA and Sigma-Aldrich Co., St Louis, MO, USA) for 1
h at room temperature. Signals were detected using the ECL-Western blotting system (AVEGENE CHEMX 400, Perth,
Australia). The intensity of the protein band was quantified by Image | software (Bethesda, Rockville, MD, USA) and
the results are expressed as normalized ratio to housekeeping gene GAPDH.

8. Hemodynamic Studies of RHC

In addition to heart rate and blood pressure, data collected from the RHC study included right atrial pressure,
systolic, mean and diastolic right ventricular pressures, PAP, PCWP and cardiac output (CO), which were calculated
by the Fick method. PVR was calculated using the formula (mPAP-PCWP)/CO.

9. Echocardiography Measurements in Humans

Standard echocardiography was performed (iE33, Philips, Amsterdam, The Netherlands) using a 3.5-MHz multi-
phase-array probe in accordance with the recommendations of societies of Echocardiography [4,5]. Left ventricular ejec-
tion fraction was measured using the biplane Simpson’s method. The right atrial (RA) area was determined from the
apical four-chamber view. PA pressure was calculated according to the combination of RA and RV pressures and the
trans-tricuspid flow velocity using the Bernoulli equation. Tricuspid annular plane systolic excursion represents the
distance of systolic excursion of the RV annular plane toward the apex. In addition, S’ velocity was measured from the
lateral side of the tricuspid annulus using tissue Doppler imaging. All the analyzed images were acquired in three
consecutive cardiac cycles and stored digitally at 50-90 frames per second.

10. Human Blood Sampling and Analysis

Blood was collected in EDTA tubes. After centrifugation at 3500 rpm for 15 minutes, sera were stored at —80 °C
until analysis. Human plasma biochemical tests (including troponin I and brain natriuretic peptide) and total RNA
extraction were performed according to the protocol and prepared for further microRNA real-time PCR [6].

11. Statistical Analysis

Continuous data are presented as the means + standard deviations or as the medians and interquartile ranges,
depending on the nature of the distribution. Dichotomous data are presented as numbers and percentages. Compari-
sons were evaluated using Student’s t-tests and nonparametric tests (Wilcoxon signed rank test) for continuous varia-
bles that were and were not normally distributed, respectively. Chi-square tests or Fisher’s exact tests were used for the
categorical variables as appropriate. The Kaplan-Meier method was used to plot MALEs, and group differences were
compared via the log-rank test. The hazard ratio (HR) of HF hospitalization was estimated using the Cox regression
model. In multivariable analysis, circulating miR-21 was set as a continuous variable in Model 1, while in Model 2, miR-
21 <12 ng/mL was set as a categorical variable. The Statistical Package for the Social Sciences (SPSS) software (version
22.0, IBM SPSS Inc., Chicago, IL, USA) and R (i384, 3.6.1) was used for the statistical analyses.
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Figure S1. AVS induced pulmonary arterial hypertension (PAH) increases myocardial injury in rats. The rats subjected to
AVS in early (7 days) and late (28 days) phases, the levels of (A) B-type Natriuretic Peptide (BNP), (B) A-type Natriuretic
Peptide (ANP), and (C) myosin heavy chain 7 (MYH?) were measured by qPCR in each groups. *p < 0.05 for difference
from each group. (n = 6-8).
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Figure S2. miR-21 in situ hybridization in the RV of sham and rats post AVS. **p < 0.05 for difference from each group. (n
=3).
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Figure S3. The Kaplan-Meier plot for PAH patients free from hospitalization for heart failure using the cut-off value of 12
of circulating miR-21.

Table S1. Primer sequences of rat for real-time RT-PCR.

Gene Forward primer Reverse primer
BNP GCCAGAACACAACCTGAGCTA GACAAACAGCAGGTCCAC
ANP CAACACAGATCTGATGGATTTCA  CCTCATCTTCTACCGGCATC
MyH?7 CTGGAGGGTATCCGCATCT CGGAAGTCCCCATAGAGAATG
GAPDH TGATTCTACCCACGGCAAGTT TGATGGGTTTCCCATTGATGA
microRNA sequence
miR-21 UAGCUUAUCAGACUGAUGUUGA






