SUPPLEMENTS
MATERIALS AND METHODS
Estimation of systolic pulmonary artery pressure
Human lung tissues were obtained from 3 types of patients: (1) Lung explant control
samples from the donors without any lung disease, which was not used for transplant
purposes; (2) Lung tissues from bronchiectasis patients without elevated pulmonary
artery pressure undergoing lobectomy surgery; (3) Lung tissues from bronchiectasis
patients with elevated pulmonary artery pressure (bronchiectasis-PH) undergoing lung
transplantation. Each group has 3 patients, and all the patients don't have
cardiovascular diseases, so left heart failure was excluded as a cause of PH.
Serum samples were collected from patients with COPD or COPD-induced PH
(COPD-PH) and control subjects. COPD was diagnosed according to the GOLD
guideline.
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All serum samples for the study were collected after the selection based

on diagnosis criteria and the exclusion criteria: PH induced by left heart failure.
Pulmonary artery pressure of PH patients was detected by echocardiography
performed by experienced sonographers. Determination of tricuspid regurgitant
velocity (TRV) detected by echocardiography is a relatively inexpensive, noninvasive
and accurate method for estimating systolic pulmonary artery pressure (sPAP). The
sPAP was calculated by the Bernoulli equation with maximum TRV plus estimated
right atrial pressure in patients with PH sPAP > 30mmHg is defined as PH.Cell
culture
Human PAECs and PASMCs (ScienCell Research Laboratories, CA, USA) were

cultured in culture medium (Endothelial Cell Medium, ECM for PAECs; Smooth
Muscle

Cell

Medium,

SMCM

for

PASMCs),

supplemented

with

Penicillin/Streptomycin (P/S), growth supplementands (GS) and fetal bovine serum
(FBS, 5 % for PAECs, 2 % for PASMCs) and maintained at 37 °C in a humidified
normoxia condition (21 % O2, 5 % CO2, 74 % N2). When the confluence reached
80-90%, cells were detached with 0.05 % trypsin, 0.04 % EDTA (Sigma-Aldrich, MO,
USA) in phosphate-buffered saline (PBS), and passaged (passages 4-6).
Cell co-culture assay
A non-contact transwell co-culture model was used to evaluate the role of PAECs
dysfunction on PASMCs. For cell proliferation assay, PAECs at a density of 8 × 10 4
cells per well were seeded into 12-well culture dishes, and cultured. PASMCs at a
density of 3 × 104 per insert were seeded into permeable (0.4 μm pore) transwell
culture inserts (Millipore, MA, USA). After cell adhesion for 24 hours, PASMCs were
arrested for another 24 hours, and the medium of PAECs were changed. Then the
transwell inserts were positioned into HAECs plate wells to establish co-culture
conditions for next 24 hours. A 1:1 mixture of ECM:SMCM with or without
recombinant human IL-17 (rhIL-17, peprotech, NJ, USA) was employed during the
co-culture. Monocultures of PASMCs in transwell inserts were also prepared using
the same method as the control. The membranes of the inserts were washed with PBS
twice and fixed in 4 % paraformaldehyde for 30 min, then the membranes were cut
out, and DAPI-labelled nuclei in upper surface of membranes were quantified in
high-power fields under a microscope digital camera (Nikon, Japan). For cell

migration assay, PAECs at a density of 1 × 105 cells per well were seeded into 12-well
culture dishes and cultured. Then arrested PASMCs at a density of 1 × 105 per insert
were seeded into permeable (8 μm pore) transwell culture inserts which were
preplaced into HAECs plate wells. After 24 hours, the upper surface of membrane
was washed with PBS twice and swabbed with a cotton bud to discard non-migrated
cells. Migrated cells on the lower surface were fixed in 4 % paraformaldehyde for 30
min, then DAPI-labelled nuclei were quantified. In hypoxia (3% O2, 5%CO2, 92% N2)
experiments, co-culture models were incubated under normoxia or hypoxia for 24 h,
with or without rhIL-17 respectively.
Methyl thiazolyl tetrazolium (MTT) assay
Cells were plated in 96-well microplates at a density of 1 × 104 cells/well and cultured
under the indicated conditions. MTT (5 mg/ml) reagent (Sigma-Aldrich, St. Louis,
MO, USA) was added to each well. After incubation for 4 hours, the supernatant was
removed, and 150 μL/well of dimethyl sulfoxide (Sigma-Aldrich) was added to
solubilize the formazan salt crystals. Cells in the plates were incubated for 10 minutes
on a swing bed at room temperature. Solubilized formazan products were quantiﬁed
by spectrophotometry at 490 nm using an enzyme-linked immunosorbent assay reader
(Bio-Rad, Hercules, CA).
BrdU incorporation assay
Cell proliferation was also determined using a FITC BrDU Flow Kit (Catalog No.
559619, BD Biosciences, CA, USA) according to the manufacturer’s instructions.
Briefly, cells were pulsed with BrdU for 1 hour, then exposed incorporated BrdU with

DNase, afterwards, incorporated BrdU was stained with specific anti-BrdU
fluorescent antibody. Total DNA was stained by 7-aminoactinomycin D for cell cycle
analysis. At last, stained cells were acquired on a flow cytometer.
Tube formation assay
BD matrigel (BD Biosciences) was distributed in a 24-well plate (200 μl/well) on ice
and allowed to solidify at 37 °C for at least 30 minutes. After the matrigel mixture
was solidified, human PAECs (1 × 105 per well) were gently added to each of the
triplicate wells. Tube formation was quantitatively measured by calculating the total
tube length using the NIS-Elements Basic Research-Microscope Imaging Software
(Nikon, Tokyo, Japan). Tracks of endothelial cells that were organized into networks
of cellular cords were counted in 6 random fields.
Sequences of siRNA
-catenin: sense: 5'-GGACACAGCAGCAAUUUGUTT-3';
anti-sense: 5'-ACAAAUUGCUGCUGUGUCCTT-3'.
Negative control: sense: 5'-UUCUCCGAACGUGUCACGUTT-3';
anti-sense: 5'-ACGUGACACGUUCGGAGAATT-3'.
Animal models
Animals were housed in accordance with the regulations for the Management of
Laboratory Animals published by the Ministry of Science and Technology of the
People’s Republic of China. Eight-week old specific pathogen free male C57BL/6
mice weighing 20–25 g were bought from Vital River Laboratory Animal Technology
Company (Beijing, China), IL17−/− male mice (C57BL/6 background) aged 8 weeks

and their matched wide type (WT) littermates were contributed from Professor Dai of
China-Japan Friendship Hospital (Beijing, China). All the mice were kept in groups of
4 or 5, housed in a 12 hours light/12 hours dark cycle, and food and water were
available ad libitum. Animals were divided into different groups randomly. Mice were
allowed to acclimate for 3 days and were then randomly exposed to normobaric
hypoxia (10 % O2) in an airtight plexiglass chamber for 4 weeks or to room air.
Control mice were exposed to room air under the same conditions. All animal
experiments were approved by the Guideline for the Care and Use of Laboratory
Animals on the Capital Medical University Care Committee.
Treatments
For IL-17 neutralization experiments, a monoclonal antibody against mouse IL-17
(anti-IL-17, monoclonal rat lgG2A clone #50104, R&D Systems, MN, USA) or
isotype control antibody (monoclonal rat lgG2A clone #54447, R&D Systems) was
administered intraperitoneally 2, 3 at a dose of 100 μg/mouse per dose twice a week for
consecutive 4 weeks. For exogenous IL-17 administration experiments, recombinant
murine IL-17 (rmIL-17, peprotech, NJ, USA) dissolved in PBS was administered
intraperitoneally at a dose of 1 μg/mouse per dose twice a week for consecutive 4
weeks, the control groups were given equal dosage of PBS. For experiments of
different time points for hypoxia, the mice were sacriﬁced at end of 0, 1, 2, 3, or 4
weeks, respectively.
Hemodynamic
Mice were anesthetized with 2 % pentobarbital (50 mg/kg, i.p.). Right ventricular

systolic pressure (RVSP) was used as an indicator for the mean pulmonary arterial
pressure. Our lab uses the method of closed-chest insertion into the right ventricle
(RV) to measure the RVSP. A 22-gauge needle connected to a pressure transducer
which was interfaced with the PowerLab system (AD Instruments, Sydney, Australia),
was inserted into RV of anesthetized animals through a xiphocostal angle approach,
the waveform was used to conﬁrm the position of the needle. Data were recorded
using the Chart program, which was included with the PowerLab system. The mice
were then sacriﬁced, and the hearts and lungs were collected.
Lung morphometric analysis
The parafﬁn-embedded lungs were serially sectioned at a thickness of 4 um and
stained with H&E for morphometric analysis. Images of pulmonary arterioles were
captured with an Olympus microscope digital camera system (Olympus, Tokyo,
Japan), and the arterial circumferences were measured using the Image Pro Plus 5.1
image analysis program (Media Cybernetics, Silver Spring, MD). The pulmonary
arterioles with external diameters smaller than 100 μm accompanied by either alveolar
ducts or alveoli were measured and categorized into four groups based on their
external diameters: 0–25, 26–50, 51–75, and 76–100 μm.
Western blot analysis
Protein extracts were separated by SDS-PAGE and subsequently blotted onto a
nitrocellulose membrane (Millipore, MA, USA). After blocking, the blotted
membrane was incubated with primary antibodies against IL-17 (1:100 dilution,
Abcam, UK), -catenin (1:1000 dilution, Abcam, UK), Wnt3a (1:100 dilution, Cell

Signaling Technology, MA, USA), CyclinD1 (1:100 dilution, Cell Signaling
Technology, MA, USA), β-actin (1:2000 dilution, Sigma-Aldrich) and GAPDH
(1:2000 dilution, Sigma-Aldrich), respectively for overnight at 4 °C. The membrane
was then treated with IRDyeTM800 (green) or IRDyeTM700 (red) conjugated affinity
purified anti-rabbit IgG (1:10000 dilution, LI-COR, NE, USA). The positive Western
bands were visualized using a LI-COR Odyssey infrared double-luorescence imaging
system (LI-COR).
Enzyme-linked immunosorbent assay (ELISA)
The concentrations of IL-17 in serum of human and mice were measured using
ELISA kits (R&D Systems, catalog number HS170, sensitivity 0.017-0.051 pg/ml and
Abcam, ab100702, sensitivity < 6 pg/ml), respectively according to the manufacturers’
protocols.
Immunofluorescent analysis
IL-17 expression levels were detected in paraffin-embedded RV sections using the
anti-IL17 antibody (1:20 dilution), protein expression was visualized using Alex Fluor
488 Goat Anti-Rabbit secondary antibodies (1:200 dilution). Nuclei were
counterstained with DAPI.
Sample size calculation
̅1 = 56.54
For human serum samples, based on the similar previous reported data (X
pg/ml, ̅
X2 = 65.47 pg/ml, ̅
X3 = 74.68 pg/ml, SD = 13.95 pg/ml)4 with a degree of
certainty (statistical power) of 80% ( = 0.2) and a risk for a type I error (α) <
5%, sample size was calculated by PASS14.0.9. Assuming the three groups of same

sample size, minimally 13 patients should be included in each group to detect
differences among the three groups.
For animal experiments, this study used ‘resource equation’ approach for determining
the sample size in animal study.5 Based on this approach, the acceptable range of
degrees of freedom (DF) for the error term in an analysis of variance is between 10 to
20. Calculation formula: n = DF/k + 1 (k = number of groups, and n = number of
subjects per group). For example, if there are 3 groups, minimum sample size = 10/3
+ 1 ≈ 5 animals/group, maximum sample size = 20/3 + 1 ≈ 8 animals/group.
Statistical analysis
Data normality was determined by One-Sample Kolmogorov-Smirnov test. Normal
distribution data were presented as Mean ± standard deviation (SD), non-normal
distribution data were presented as Median (inter-quartile range, IQR). For
comparisons of two groups, Two-tailed Student’s unpaired t-test was used to assess
the difference in the means, while the Mann-Whitney test was performed to determine
the difference in the medians. For comparisons among more than two groups
parametrically, using one way or two way ANOVA followed by post hoc Bonferroni
tests, as well as nonparametrically, using the Kruskal–Wallis test first, between-group
comparisons were assessed by the Dunn’s post-hoc test. Categorical variables were
compared using a Pearson's chi-squared test (χ2 test), and the Fisher’s exact test was
used for dichotomic variables when the expected value of a cell was less than 5.
Experimental replicate with an n < 6 underwent non-parametric statistical evaluation.
A p value < 0.05 was considered statistically significant.

SUPPLEMETARY FIGURES

Supplementary Figure S1. Increased expression of RORγt in bronchiectasis
-associated PH patients. (A) Immunoreactivity of RORγt (brown) in lung tissues of
normal control. (B) Immunoreactivity of RORγt (brown) in lung tissues from
patients of bronchiectasis. (C, D) Immunoreactivity of RORγt (brown) in lung tissues
from patients of bronchiectasis with PH. The black triangle shows RORγt-positive
cells inﬁltrated in the thickened intima, the arrow shows RORγt-positive cells
inﬁltrated in lung tissues. Scale bars: 50 μm. (E) Bar charts for RORγt staining of
lung tissue sections for the patients (3 patients for each group). The results are shown
as Median (IQR), tested by Kruskal-Wallis test. *** p < 0.0001 (vs Control), ### p <
0.0001 (vs Bronchiectasis). PH: pulmonary hypertension.RORγt: retinoic acid–related
orphan receptor γt.

Supplementary Figure S2. Effect of IL-17 on pulmonary vascular under
normoxia. (A) Weight gain of mice treated with or without IL-17 (n = 8 mice for each
group). *** p < 0.0001. The results are shown as mean ± SD, analyzed by Student’s
t-test. (B) RVSP of mice treated with or without IL-17 for 4 weeks. (C) Comparison
of pulmonary vascular remodeling among groups of N4W and N4W + IL-17. (a, b)
H&E staining of pulmonary arterioles. The arrows show pulmonary arterioles. Scale
bars: 50 μm. (c) % MT of pulmonary arterioles of mice grouped by external diameter.
The results are shown as mean ± SD. N4W: 4 weeks under normoxia; RVSP: right
ventricular systolic pressure; % MT: percent media thickness.

Supplementary Figure S3. The expression of IL-17 in RV tissues of mice during
chronic hypoixa. Immunofluorescent staining of IL-17 of representative histological
sections from paraffin-embedded RV tissues of mice. Tissue sections were
immunostained with IL-17 antibodies (1:20) followed by Alex Fluor 488 Goat
Anti-Rabbit secondary antibodies (1:200) and DAPI to stain nuclei. Scale bar = 75 μm
for Augmentation pictures, 250 μm for the rest pictures. H0W, H1W, H2W, H3W, and
H4W represents for exposure to hypoxia for 0, 1, 2, 3, and 4 weeks, respectively. IgG
isotype controls were negative. RV: right ventricle.

Supplementary Figure S4. The expression of IL-17 in RV tissues of mice exposed
to hypoixa with or without IL-17. Immunofluorescent staining of IL-17 of
representative histological sections from paraffin-embedded RV tissues of mice.
Tissue sections were immunostained with IL-17 antibodies (1:20) followed by Alex
Fluor 488 Goat Anti-Rabbit secondary antibodies (1:200) and DAPI to stain nuclei.
Scale bar = 75 μm for Augmentation pictures, 250 μm for the rest pictures. IgG
isotype controls were negative. RV: right ventricle.
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