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MATERIALS AND METHODS
Patients
Peripheral human lung tissue was obtained from 3 types of patients (Thoracic Surgery
and Pathology Services of the University General Consortium Hospital (CHGUV) and
University and Polytechnic Hospital La Fe, Spain): A) Patients with PH-associated IPF
who were underwent surgery for organ transplantation program (n=9). B) Patients with
IPF who were underwent surgery for organ transplantation program (represents
pulmonary arteries with IPF and without PH) (n=10). C) Lung explant control samples
were obtained from organ transplant program from CHGUV, in donors with normal lung
function that was not used for transplant purposes (represents lung tissue without IPF and
were used as controls), without any lung disease (n=10)).
IPF was diagnosed according to the American Thoracic Society/European Respiratory
Society (ATS/ERS) consensus criteria. 1 All pulmonary function tests were performed
within 3 months before surgery. After selection based on diagnosis criteria, all lung tissue
samples used for the study were checked histologically by using the following exclusio n
criteria: (1) presence of tumor, (2) respiratory tract infection.
The lungs taken from donor controls showed normal architecture with few intra-alveo lar
macrophages and edema. The protocol was approved by the local research and
independent ethics committee of the University General Consortium Hospital of Valencia
(CEIC22/2013). Informed written consent was obtained from each participant.

Isolation and culture of human pulmonary artery endothelial cells and pulmonary
arterial smooth muscle cells and in vitro experimental conditions
Cellular experiments were performed in primary human pulmonary artery endothelia l
cells (HPAECs) and human pulmonary artery smooth muscle cells (HPASMCs) isolated
from pulmonary arteries of IPF lungs. Segments of pulmonary artery (2-3 mm interna l
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diameter) were dissected free from parenchyma lung tissue, cut longitudinally, and
digested with 1% collagenase (Gibco, UK) in RPMI-1640 culture medium for 30 min at
37°C. The digestion was neutralized by adding RPMI 1640 supplemented with 20%
foetal calf serum (FCS), and the homogenate was separated by centrifugation at 1100
rpm. The pellet was resuspended, and cells were cultured in EGM-2 endothelial culture
medium supplemented with Single Quotes (Clonetics, UK), 10% FCS, 1% fungizo ne,
and 2% streptomycin/penicillin. The selection of HPAECs was performed as we
previously described,2-4 modified to include the use of a commercially available
Dynabeads CD31 endothelial cell kit (Dynal Biotech, Germany). Briefly, cells were
trypsinized (0.25% trypsin), and the cell mixture was incubated with CD-31-coated
Dynabeads for 30 min at 4°C with end-over-end rotation. After incubation, the HPAECs
were collected using a magnetic particle concentrator (MCP-1; Dynal) and washed four
times with cold phosphate-buffered saline (PBS)/bovine serum albumin (BSA). Clusters
of purified HPAECs retained on the CD-31-coated Dynabeads were separately
resuspended in EGM-2 full growth medium supplemented with 10% FCS, 1% fungizo ne,
and 2% streptomycin/penicillin.
The cells not retained on the CD-31-coated Dynabeads, i.e., HPASMCs, were cultured in
DMEM supplemented with 10% FCS, 1% fungizone, and 2% streptomycin/penicillin to
selectively separate the HPASMCs. For positive identification of HPASMCs, the cells
were subcultured for one passage, and α-actin expression was examined using a
monoclonal antibody against a-smooth muscle actin (1:100 dilution; Sigma); >95% of the
cells were positively stained. The cells were incubated for 16 h in 1% FCS culture
medium before each experiment and were returned to 10% FCS culture medium at the
start of each experimental condition.
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For in vitro studies, HPAECs or HPASMCs were stimulated with TGF-β1 (5-10ng/ml;
Sigma Aldrich) for the indicated times, replacing culture medium and stimulus every 24
h. JSI-124 (JAK2 inhibitor; 1μM suppress JAK2 activation in A549 cells

5;

Sigma

Aldrich) was added 30 min before stimulus and remained together with the stimulus until
experimental evaluation. None of the drugs affected cell viability assessed with trypan
blue (Sigma), showing greater than 95% viability. Cellular extracts were collected to
analyze the expression of mesenchymal and endothelial markers as well as mechanis tic
pathways.

Cell proliferation assay
HPASMC proliferation was measured by colorimetric immunoassay based on BrdU
incorporation

during

DNA synthesis

using

a cell proliferation

enzyme- linked

immunosorbent assay BrdU kit (Roche, Mannheim, Germany) according to the
manufacturer’s protocol. Cells were seeded at a density of 3x103 cells/well on 96-well
plates and incubated for 24 hours. Cells were incubated with JSI-124 at indicated
concentrations during 30 min followed by TGFβ1 stimulation for 48 h. The 490 nm
absorbance was quantified using a microplate spectrophotometer (Victor 1420 Multilabe l
Counter, PerkinElmer). Proliferation data refer to the absorbance values of BrdU-labeled
cellular DNA content per well.

Western blotting analysis
Western blotting analysis was used to detect changes in human and rat lung tissues, and
HPAECs and HASMCs cell protein expression. Lung tissue or cells were homogenized
or scraped from a confluent 25-cm2 flask and lysed on ice with a lysis buffer comprising
a complete inhibitor cocktail plus 1 mM ethylenediaminetetraacectic acid (Roche
4

Diagnostics Ltd., West Sussex, UK) with 20 mM Tris base, 0.9% NaCl, 0.1% Triton X100, 1 mM dithiothreitol, and 1 mg/mL pepstatin A. The Bio-Rad assay (Bio-Rad
Laboratories Ltd., Herts, UK) was used according to the manufacturer’s instructions to
quantify the level of protein in each sample to ensure equal protein loading. Sodium
dodecyl sulfate polyacrylamide gel electrophoresis was used to separate the proteins
according to their molecular weight. Briefly, 15 µg of proteins (denatured) along with a
molecular weight protein marker (Bio-Rad Kaleidoscope marker; Bio-Rad Laboratories)
were loaded onto an acrylamide gel consisting of a 5% acrylamide stacking gel stacked
on top of a 10% acrylamide resolving gel and run through the gel by application of 100
V for 1 h. Proteins were transferred from the gel to a polyvinylidene difluoride membrane
using a wet-blotting method. The membrane was blocked with 5% Marvel in PBS
containing 0.1% Tween20 (PBS-T), probed with the following antibodies: rabbit antihuman/rat JAK2 (1:1000) antibody (polyclonal antibody; Novus Biologicals, Abingdon
Oxon, UK; catalog no. NBP1-61916), rabbit anti-human/rat phospho(p)-JAK2 (1:1000)
antibody (monoclonal antibody; Novus Biologicals, Abingdon Oxon, UK; catalog no.
NB110-57144), rabbit anti-human/rat STAT3 (1:1000) antibody (polyclonal antibody;
Novus Biologicals, Abingdon Oxon, UK; catalog no. NB100-91973), rabbit antihuman/rat

phospho(p)-STAT3

(1:1000) antibody

(monoclonal

antibody;

Novus

Biologicals, Abingdon Oxon, UK; catalog no. NB100-851), rabbit anti-human/mo use
MLCK (1:1000) antibody (polyclonal antibody; ThermoFisher Scientific, Wartsweg,
Netherlands, catalog no. PA515176), rabbit anti-human/mouse phospho(p)-MLCK
(1:1000)

antibody

(polyclonal

antibody;

ThermoFisher

Scientific,

Wartsweg,

Netherlands, catalog no. PA5-17727), rabbit anti-human/rat phospho(p)-Smad3 (1:1000)
antibody (monoclonal antibody; Millipore, Madrid, Spain; catalog no. PS1023), total
rabbit anti-human Smad3 (cat nº: 566414; Calbiochem, Spain, Madrid), rabbit anti-huma n
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VE-cadherin polyclonal antibody (VI514; sigma, Madrid spain) and normalized to total
mouse anti-human/rat β-actin (1:1000) antibody (monoclonal antibody, catalog no.
A1978; Sigma). The enhanced chemiluminescence method of protein detection using
enhanced

chemiluminescence

reagents

(ECL Plus; Amersham

GE Healthcare,

Buckinghamshire, UK) was used to detect labeled proteins. Densitometry of films was
performed using the Image J 1.42q software (available at http://rsb.info.nih.gov/ij/, USA).
Results of target protein expression are expressed as the percentage of the densitometr y
of the endogenous controls β-actin.

Real-time RT-PCR and siRNA experiments
Total RNA was isolated from cells/lung tissue using TriPure® Isolation Reagent (Roche,
Indianapolis, USA). The integrity of the extracted RNA was confirmed with Bioanalyzer
(Agilent, Palo Alto, CA, USA). Reverse transcription was performed in 300 ng of total
RNA with a TaqMan reverse transcription reagents kit (Applied Biosystems, PerkinElmer Corporation, CA, USA). cDNA was amplified with specific primers and probes
predesigned

by

(Hs00374280_m1),

Applied

Biosystems

for

JAK2

α-SMA (Hs00559403_m1),

(Hs01078136_m1),

α1 (I)-collagen

(collagen

STAT3
type I;

Hs00164004_m1), vimentin (Hs 00958116_m1), TGFβ1 (Hs00998133_m1), VEcadherin (Hs00170986_m1), eNOS (Hs01574659_m1), vascular endothelial growth
factor receptor I (VEGFR1; Hs01052961_m1), factor (F)VIII (Hs00252034_m1), 5HTR2A

(Hs01033524_m1),

AT2

receptor

(Hs02621316_s1),

BKCaα1

(

Hs00188073_m1), BKCaβ1 (Hs01119504_m1) and β-actin (Hs01060665) for human
tissue in a 7900HT Fast Real-Time PCR System (Applied Biosystems) using Universa l
Master Mix (Applied Biosystems). Relative quantification of these different transcripts
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was determined with the 2-ΔΔCt method using β-actin (Hs01060665) as endogenous
control and normalised to control group as previously described by our group. 6
Small interfering RNA (siRNA), including the scrambled siRNA control (identifica tio n
no. 4390843), was purchased from Ambion (Huntingdon, Cambridge, UK). JAK2
(identification no. s7250) gene-targeted siRNA was designed by Ambion. HPAECs and
HPASMCs cells were transfected with siRNA (50 nM) in serum and antibiotic- free
medium. After 6 h, the medium was aspirated and replaced with medium containing
serum for a further 42 h before cell stimulation. The transfection reagent used was
lipofectamine-2000 (Invitrogen, Paisley, UK) at a final concentration of 2 µg/mL. JAK2
knockdown was evaluated in HPAECs and HPASMC cells by western blot and RT-PCR
using JAK2 antibody and primers and probe described above. JAK2 expression in JAK2
knockdown experiments was always lesser than the 10% of JAK2 expression in siRNA( ) control cells (data not shown).

Histological, Immunohistochemical and Immunofluorescence Studies
Lung histology was conducted as previously reported. 7 Tissue blocks (4 μm thickness)
were stained with Masson’s trichrome (Sigma-Aldrich, Madrid, Spain) to detect collagen
deposition and for assessment of the fibrotic injury and pulmonary artery remodeling.
Severity of lung fibrosis was scored on a scale from 0 (normal lung) to 8 (total fibrotic
obliteration of fields) according to Ashcroft score. 8
For immunohistochemical analysis of human lungs, tissue was fixed and embedded in
paraffin, cut into sections (4-6 µm) and incubated with JAK2, pJAK2, STAT3, pSTAT3,
antibodies for 24 h at 4°C. A secondary anti-rabbit goat or anti-mouse antibody (1:100;
Vector Laboratories,

Burlingame,

CA) with
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avidin-biotin

complex/horserad is h

peroxidase was used for immunohistochemistry. The non-immune IgG isotype control
was used as negative control and gave negative for all samples.
Collagen type I (Col I), αSMA, CD31, JAK2, p-STAT3 and p-MLCK in pulmonary artery
rings or HPASMCs were analyzed by immunofluorescence. To this end, pulmonar y
arteries or HPASMCs from healthy, IPF or IPF + PH patients were fixed in
paraformaldehyde (4%) for 48 h and, in the case of pulmonary arteries, embedded in
Tissue-Tek® OCT™ cryosectioning compound (Sakura Finetek Europe BV, Leiden).
Blocks were cut into 10µm thick sections, permeabilized in Triton X 100 (0.1% in PBS)
for 5 min, blocked in 10% goat serum in PBS and immunostained with rabbit anti-huma n
collagen type I (Col I) antibody (cat. nº: PA1-26204; Affinity Bioreagents), mouse antihuman α-SMA (cat. nº: A5228; Sigma Aldrich, Madrid, Spain), mouse anti-human/rat
CD31 monoclonal antibody (IS610; dako, Madrid spain), rabbit anti-human/rat JAK2
(1:1000) antibody (polyclonal antibody; Novus Biologicals, Abingdon Oxon, UK;
catalog no. NBP1-61916), rabbit anti-human/rat

phospho(p)-STAT3 (monoclo na l

antibody; Novus Biologicals, Abingdon Oxon, UK; catalog no. NB100-851), rabbit antihuman/mouse

MLCK (polyclonal antibody;

ThermoFisher

Scientific,

Wartsweg,

Netherlands, catalog no. PA515176), rabbit anti-human/mouse phospho(p)-MLCK
antibody (polyclonal antibody; ThermoFisher Scientific, Wartsweg, Netherlands, catalog
no. PA5-17727), for 24 hours at 4ºC followed by a secondary FITC or rhodamine
conjugated anti-mouse/rabbit IgG antibody and finally DAPI (2µg/ml) to mark nuclei
(Molecular Probes, Leiden, The Netherlands). Pulmonary arteries and HPASMCs were
inspected at excitation/emission of 485/525nm (FITC), or 570/590nm (rhodamine), or
350/470nm (DAPI) with a x400 magnification in a TE-200 epifluorescence microscope
(Nikon Eclipse-TE-200, Tokyo, Japan).
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Pulmonary artery “ex vivo” experiments
Pulmonary arteries from control and IPF patients were dissected in small rings (1–2 mm
of external diameter and 1–2 mm of length) and cultured in EGM-2 endothelial cell
culture medium supplemented with Single Quotes (Clonetics, UK), 10% FCS, 1%
fungizone, and 2% streptomycin/penicillin for 4 h in an incubator with 5%CO 2 at 37ºC.
Arteries were incubated with/ without JSI-124 10nM-1µM for 1 hour followed by the
stimulation with TGFβ1 5ng/mL during 72 hours. TGFβ1 is one of the most well
characterized pulmonary artery remodelling factor that increase the muscularization of
pulmonary arteries by different mechanisms. First, TGFβ1 promotes differentiation of
endothelial cells to mesenchymal/myofibroblast phenotype characterized by the increase
of expression of cytoskeleton machinery (including alpha smooth muscle actin and
vimentin) that helps cells to migrate to the intima and adventitia, and the increase of
extracellular matrix components such as collagen type I which favour cell migration and
connective tissue deposition. By the other hand, TGFβ1 increase smooth muscle cell
proliferation and transformation to myofibroblast which increase the migratory capacity
of myofibroblast into the intima and adventitia. This alterations increase the pulmonar y
artery remodeling reducing the internal diameter and increasing contractile capacity
inducing pulmonary hypertension. 9,
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Therefore, we selected TGFβ1 as stimulus to

induce change of mesenchymal markers in pulmonary arteries. Both, JSI-124 and TGFβ1
were replaced each 24h. Artery rings were used to analyze the expression of mesenchyma l
and endothelial markers. Time point incubation for the TGFβ1 stimulus was selected
based on time-dependent curves (24h-96h) showing a maximal production of collagen
type I after 72h of exposure (data not shown).

Cell contraction
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Contraction of HPAECs in response to ET-1 was studied by traction microscopy as
previously outlined.11 Collagen-coated polyacrilamide gels with embedded fluoresce nt
microbeads (200-nm diameter) were used. Gel disks with cultured HPAECs were
incubated for 30 min in absence (control) or presence of JSI-124 1µM, and stimulated
with TGFβ1 5ng/ml during 72h. Then, gel disk with cultured HPAECs was placed in the
microscope and cells imaged with bright-field illumination. After 5 min of baseline
recording, ET-1 (100 nM) was added, and fluorescent images were acquired for an
additional 10 min. Traction forces exerted by the cell on the substrate were computed
from the displacement field of the gel substrate.11 Measurements were taken in n=10 cells
from different cell-gel samples for different conditions.

Preparation of human precision lung cut slices for pulmonary artery functional
studies
Human lung tissue (3–10 g) was obtained from control subjects, IPF and IPF + PH
patients undergoing lung resection as described previously.12,
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Lung tissue was weighed

and washed 3 times with 3 volumes of ice-cold slicing buffer (Hanks’ balanced salt
solution containing 100 units/ml penicillin and 0.1 mg/ml streptomycin). Immedia te ly
before preparation, the tissue was submerged in a reservoir containing ice-cold slicing
buffer and 3% (w/v) ultralow melting point agarose (Sigma, Madrid Spain) injected into
the tissue using a fine-gauge needle (NR18, Microlance; BD Biosciences, San Jose, CA).
Injection aliquots (approximately 20 µl) were applied as evenly as possible througho ut
the tissue and were continued until the total agarose volume was 3 to 4 ml/g wet weight
tissue. The inflated tissue was then left for a further 15 min at 0°C, at which point it was
cut into small pieces in several different planes using a microtome blade. The cut faces
of these slices were then inspected by eye for the presence of vascular or airway features.
10

Cylindrical cores of 8-mm diameter were then prepared containing these features oriented
longitudinally along the core. These were further processed to precision-cut lung slices
using a Krumdieck tissue slicer (model no. MD4000; Alabama Research and
Development Munford, AL) with the slice thickness set on 260 to 300 µm. Slices were
transferred, in order of preparation, to wells of a 12-well tissue culture plate containing 1
ml/well incubation buffer (RPMI 1640-containing 100 units/ml penicillin, 0.1 mg/ml
streptomycin, and 4mM L-glutamine.). The culture plate was placed on a rocker arm in a
humidified incubator (37°C, 5% CO 2 ) for overnight incubation. The medium was
changed at 1, 3, and 6 h, and after overnight incubation. This approach allows the agarose
to dissolve out of the lung slice. To ensure that the explants were viable, airway
epithelium was examined by light microscopy using an inverted microscope to detect
beating cilia before the explant was utilized for vascular studies. The explants were then
inspected to find vessels that had been sectioned in a transverse plane. We carefully chose
only small arteries that were adjacent to identifiable small airways; the approximate
internal diameter range of the untreated arteries was 100–300 µm. Each individual slice
was place in a thermostated (37ºC) microscope chamber (Harvard apparatus, USA: cat.
nº PH-6D) coupled to perfusion gas (95% O 2 -5% CO 2 ) chamber (Harvard apparatus: cat.
nº RC-29) and held in place using a platinum weight with nylon attachments. In some
experiments perfusion gas containing a mixture of 95% N2 -5% CO2 was used to stablish
hypoxic conditions. Slice was perfused with a multivalve perfusion system (Harvard

apparatus: VC-66CS) and controlled with a valve flux (Harvard apparatus: Harvard
apparatus: cat. nº FR-50) at 0.5ml/min. The slice was located using a microscope (Nikon
Eclipse TE200; magnification, x40) connected to a live CCD camera CoolSNAPfx
photometrics. Slices were first washout with pefused Hanks’ balanced salt solution for 1
h. A baseline live video imaging was recorded each 10 seconds. After an equilibra tio n
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period of 1 h of basal area, preparations were contracted with 1 μM noradrenaline (NA)
and relaxed with 1 μM acetylcholine (Ach), to confirm endothelium function. The tissues
were washed until resting area was reestablished, and then lung tissue slices were
perfused during 5 min to establish the maximal contractile response (100%).
After rinsing and equilibration, increasing 5-HT concentrations (0.1 nM to 10 µM) was
added, and the tension was expressed as a percentage of the maximal contraction with
KCl 80mM. The EC 70 of 5-HT was selected as 1µM for further pharmacologica l
experiments (data not shown). Two different protocols were conducted:
A) Relaxant protocol: Control lung slices (those not exposed to JSI-124) maintained a
plateau level about 10–15 per cent of 5-HT 1µM-induced tone over the time interva l
(approximately 90 min) needed to make cumulative concentration drug–response curves
in the time-matched lung tissue slices exposed to relaxant drugs. During the cumula tive
addition of JSI-124, successive concentrations were added only when the tissue reached
maximum relaxation (usually 5–10 min). At the end of all experiments, papaverine (0.1
mM) was added to each organ bath to establish a reference for maximal relaxation as
previously we outlined.14 Cumulatively increasing concentrations of the JAK2 inhib itor
JSI-124 (from 0.01 nM to 50 µM) was constructed in increments of 0.5 log units. Each
JSI-124 concentration was perfused during 5 min (time in which area reached constant).
In other experiments, the contribution of the endothelium to the relaxant effects of JSI124, was analysed inhibiting endothelial nitric oxide synthase (eNOS) with L-Noarg 1µM
(inhibiting NO production) or inhibiting cyclooxygenase (COX) with indomethac in
(inhibition of PGI2 production). To analyse the contribution of potassium channels to the
relaxant effects of JSI-124, cut lung slices were treated with tetraethylammonium (TEA;
a non-selective potassium channels blocker), iberiotoxin (IBTX; an inhibitor of large
conductance calcium-activated potassium cannel (BK Ca)) or charybdotoxin (ChTX; an
12

inhibitor of large conductance calcium-activated

potassium channels and slowly

inactivating voltage-gated potassium channels). Results were expressed as % JSI-124
relaxation of maximal relaxation reached by papaverine 0.1mM. In other experime nts,
hypoxic pulmonary vasoconstriction (HPV) was induced during 1h perfusing gas
containing a mixture of 95% N2 -5% CO2 . After 1h, cumulatively increasing concentratio ns
of the JAK2 inhibitor JSI-124 (from 0.01 nM to 50 µM) was constructed in increme nts
of 0.5 log units in presence of hypoxic conditions.
B) Contraction protocol: To determine the effect of JAK2 on contractility, JSI-124
(0.1µM-10µM) was perfused to the microscope chamber 30 min before the cumula tive
doses of 5-HT (0.01 nM to 10 µM). JSI-124 was maintained in the microscope chamber
during the concentration-dependent curve of 5-HT. Small pulmonary artery contraction
was continuously monitored and was expressed as a percentage of the maximal reduction
of area obtained with KCl 80mM. Artery lumen area was measured using a MetaMorph
software (Molecular Devices, USA). Results were expressed as % of KCl area.
Pulmonary artery precision cut lung slice experiments were performed in lung tissue from
control, IPF and IPF + PH patients.

Intracellular free Ca2+ measurements
Intracellular free calcium concentration ([Ca2+]i) was measured by epifluoresce nce
microscopy (Spectramaster System, Perkin Elmer, Life Sciences, Cambridge, UK) in
cultured HPASMCs using the Ca2+ indicator dye fura-2 as previously outlined.15 In brief,
fluorescence of fura-2 acetoxymethyl ester (5M)-loaded cells was measured by using
continuous rapid alternating excitation (340 and 380 nm) and emission (510 nm) in a
fluorescence spectrophotometer equipped with a xenon lamp (Nikon XB0 100, Tokyo,
Japan) and a CDD camera CoolSNAPfx photometrics (20 MHz, 1300x1030 pixel). The
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fluorescence ratio was recorded every 0.1 s using Lambda 10-2 Sutter Instrument (Nikon
CO. Tokyo, Japan) and fluorescence analysis was performed with the software
Metafluor® 5.0.
[Ca2+]i was calculated by ratiometric analysis as outlined. 16 The following formula was
used to converse fluorescence signal into [Ca 2+]i ; [Ca2+]i = β·Kd (R -Rmin / Rmax –R), where
R is the ratio between the fluorescence (F 340 /F380) at 340nm and 380nm, β is the ratio of
380 nm intensities at zero Ca2+ over maximal Ca2+ and Kd is the dissociation constant at
224 nM. Background levels of fluorescence at each excitation wavelength were
determined in cell free areas and substracted for each experiment. Minimum and
maximum fluorescence intensities were obtained with the addition of Ca 2+-free solution
with 10mM EDTA solution and the Ca2+ ionophore ionomycin 10µM in presence of 5mM
CaCl2 solution respectively as previously outlined. 15

Intratracheal bleomycin animal model
Experimentation and handling were performance in accordance with the guidelines of the
Committee of Animal Ethics and Well-being of the University of Valencia (Valencia,
Spain) following the ARRIVE guidelines.17 Rat studies used pathogen-free male wistar
rats (Harlan Iberica®, Barcelona, Spain) at 12 weeks of age. During the first week (day 07), following a single bleomycin intratracheal instillation, the response is primarily
characterized by lung inflammation. Inflammatory cells in the alveolar interstitium and
alveolar spaces, and proteinaceous fluid are consistently observed with few fibrobla sts
present.18 During the following two weeks (day 7 to 21), alveolar and interstitial fibrosis
became progressively more prominent with partial to complete effacement of the alveoli.
These pathologic lung tissue changes explain the rapid loss of ventilation at day 7 due to
the presence of inflammatory cells and fluid in the alveolar space, followed by a more
14

pronounced decrease of ventilation at day 14 and 28 due to interstitial fibrosis. 18 In
contrast, pulmonary artery remodelling is observed later. The loss of lung perfusion at
day 7 is mainly due to the micro-thrombus formation by the platellet agregation with
inflammatory cells, followed by lung artery remodelling that is evident at day 14-21,
which explain the progressive loss of lung perfusion at day 14 and 28. 19
Rats were housed with free access to water and food under standard conditions: relative
humidity 55 ± 10 %; temperature 22 ± 3ºC; 15 air cycles/ per hour; 12/12 h Light/Dark
cycle. Rats were anaesthetized with ketamine/medetomidine and then a single dose of
bleomycin at 3.75 U/kg (dissolved in 200 µL of saline) was administered intratrachea lly
via the endotracheal route.20 This dose of bleomycin reproducibly generated pulmonar y
fibrosis and PH in previous experiments. 21 Sham treated rats received the identica l
volume

of intratracheal

saline

instead

of bleomycin.

This

procedure fixed

experimentation day 1. Dose of JSI-124 was selected based in agreement with previous
in vivo animal studies (1mg/kg/day, i.p)
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and was administered from day 7 to day 28 of

procedure as therapeutic protocol. Dose of bosentan was selected from previous studies
in the same model of bleomycin- induce pulmonary fibrosis (100mg/kg once a day, orally
by gavage) from day 7 to day 28 of procedure. 23
JSI-124 and bosentan were prepared immediately prior to use. JSI-124 was prepared as
DMSO solution and bosentan in 0.5% carboxymethyl cellulose (CMC). The control
group received DMSO or CMC as vehicle. The account for experimental groups was
estimated in a number of 10 rats (n=10) based in previous findings.7 The primary outcome
was the 50% reduction of the Ashcroft score fibrois index by JSI-124. The sample size
was calculated for an effect size f of 1.8, α error of 0.05 and power of 0.96, using one
tailed analysis of variance (ANOVA). The experimental groups: (i) saline serum +
pharmaceutical vehicle; (ii) saline serum + JSI-124 (1 mg/Kg/day) or bosentan
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(100mg/kg); (iii) bleomycin + pharmaceutical vehicle; (iv) JSI-124 (1 mg/Kg/day) or
bosentan (100mg/kg). With these doses of JSI-124 and bosentan, no adverse effects were
observed during the experiments. Results obtained for the group of saline serum + JSI124 or saline + bosentan were identical to those of saline group. Therefore we did not
include because space restrictions of manuscript. At the end of the treatment period (day
28), rats were sacrificed by a lethal injection of sodium pentobarbital followed by
exsanguination. After opening the thoracic cavity, trachea, lungs and heart were removed
en bloc.
Lungs were processed for histological, biochemical or molecular biology studies. The
right ventricular (RV) wall of the heart was dissected free and weighed along with the left
ventricle wall plus septum (LV + S), and the resulting weights are reported as RV/LV +
S ratio to provide an index of right ventricular hypertrophy.
To determine the extent of pulmonary vascular remodeling, the degree of musculariza tio n
of intraacinar pulmonary vessels was determined. Lung sections (4 μm thickness) were
stained with Masson’s trichrome and analysed using a morphometric system (Olympus
BH2 Research Microscope, Olympus America Inc, Center Valley, PA, USA) with the
software package Image ProPlus 5.0 (MediaCybernetics, Silver Spring, MD, USA). In
each animal, 25–40 intraacinar arteries with an external diameter between 20 and 50 μm
were analysed. The measurements made include internal area (IA), the external perimeter
(EP) and the external area (EA), defined by the outer edge of the smooth muscle layer.
The absolute wall area (WA) was calculated with the following formula: WA=EA-IA.24
All measurements were made by the same observer. The pulmonary artery wall thickness
was calculated by dividing the WA by the EP as previously outlined. 24
28 days after bleomicin/saline administration, 6 surviving rats of each experimental group
were anesthetized with ketamine/medetomidine and measured for right ventricular
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systolic pressure (RVSP) by right heart catheterization. The right jugular vein was
canulated with a small silicone catheter (BPE-T50 Polyethylene tubing for 22ga swivels;
Salomon Scientific, CA, USA) containing heparin saline solution (10 UI/ml of heparin in
0.9% saline), to reach the RV under the guidance of the pressure tracing. After 20 minutes
of stabilization, RVSP was recorded using a miniature pressure transducer (TSD104A,
BIOPAC Systems, Inc., CA, USA) digitized by a BIOPAC MP100 data acquisitio n
system. The right carotid artery was canulated in order to simultaneously measure
systemic arterial pressure (SAP) with a transducer. In other experiments, arterial blood
samples were taken from femoral artery, and processed at day 28, 1h after last drug
administration. Arterial blood O 2 pressure (PaO 2 ) and arterial blood CO 2 pressures
(PaCO2 ) were analyzed by a blood gas analyzer (GEM Premier 4000, Werfen Co. USA).
The alveolar-arterial O 2 pressure difference (AaDO 2 ), which reflects the pulmonary gas
exchange, was calculated as AaDO 2 (mmHg) = 150-1.25 × PaCO 2 - PaO 2 , as previously
outlined.25 An impairment of ventilation-perfusion matching induced an increase of
AaDO 2 .

Animal micro CT SPECT studies for ventilation/ perfusion analysis
Pulmonary artery perfusion (Q) was analysed at day 0, 7, 14 and 28 of the experimenta l
procedure. Ventilation (V) and the V/Q ratio were measured at day 0, 7, 14 and 28, using
a micro-CT-SPECT as previously described.26 In vivo imaging and quantitative analysis
were performed in rat lug tissue using small-animal computer tomography (micro- CT)
and single photon emission computed tomography (Albira micro-CT-SPECT- PET
Imaging System (Oncovision®, Spain). First, rats were tracheally intubated through the
oral cavity after anesthetization with ketamine and xylazine (90 and 6 mg/kg,
respectively). After a period of 10 min, the animals were placed into double-chamber
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plethysmograph (DCP) with conical restrainer nouse-only system adapted to rats (250400g animal; emka technologies, Paris, France). DCP was connected to a ventila tio n
pump (model 683; Harvard Apparatus) to renewal of air inside the head chamber. A
vacuum pump N0022AN.9E (KNF Neuberger, Freiburg, Germany) was connected to the
chamber to drawn out the air introduced by ventilator. Air from ventilator and vacuum
pump were filtered through a 0.1μm PESU membrane filter (Sartorius stedium biotech,
goettingen, Germany). The head unit of the DCP was connected to the nebulizer head unit
(Aeroneb® Lab Nebulizer, Aerogen Inc. Galway, Ireland) provided with a filler cap.
Nebulizer head unit was controlled

with a nebulization-controller device (emka

technologies, Paris, France). A final volume of 300µl diethylene-triamine-pentaace tate
10 mCi (DTPA-Tc99m) (Molipharma, Valencia, Spain) was deposited in the nebulizer
head unit and nebulized to the nouse-only system of the chamber head unit during 15 min
as previously outlined.27 The flow rate of nebulization was controlled with the
nebulization-controller device to provide a 15 min cycle of nebulization. The nebuliza tio n
head emits a fine-droplet (mass median aerodynamic diameter < 3μm to 0.55 mm) aerosol
at low velocity without heat and propellants and without pressure or volume fluctuatio ns.
No residual liquid remained in the head unit indicating a high efficiency.
After DTPA-Tc99m delivery, the animals were removed from the ventilator and allowed
to breathe freely. SPECT scans were acquired on an ALBIRA micro-SPECT system
(Oncovision®) using pinhole collimators and a radius of rotation of 3.5 cm. After the
ventilation

SPECT scan, rats were injected

with

a suspension

of albumin

macroaggregated Tc99m (MAA-Tc99m) (Molipharma, Valencia Spain; 0.5–1 mCi;
particle diameter 5-90µm) via the tail vein. Perfusion imaging entailed a SPECT scan.
For each experimental group of animals, micro-CT-SPECT scans were acquired at day 0,
7, 14 and 28. The time of each capture was 30 min (until 300000 counts) using pinhole
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collimators and a radius of rotation of 3.5 cm. Micro-CT images were acquired to locate
radioisotope signal in animal lungs. Lung images were taken as follow: planar
scintigraphy in anterior (A), posterior (P) left and right lateral (LL and RL), and left and
right posterior oblique (LPO and RPO) views. The images were reconstructed with
filtered back projection algorithm using the Albira Suite 5.0 software (OncoVision,
Valencia, Spain). The combination of adcquisition and reconstruction result in a final
whole image matrix of 255*255*255 mm with a pixel size of 0.25*0.25*0.25 mm. 252
image sections corresponding to the whole lung (3D images) were acquired in each
capture and analyzed with the PMOD™ software selecting a whole 3D VOI after
radioisotope administration. All scans were performed with gamma cameras with large
field-of-view

detectors, equipped with low energy general purpose collimators.

Quantification was performed by analyzing the number of counts in the same VOI applied
to every image (counts per pixel unit) corrected for the radioactive decay of Tc99m.
The relationship between V and Q data was determined with PMOD™ software analyzing
the intensity of radiation (arbitrary units) of each pixel and volume of interest (VOI) of
the whole lung region selected of 256 image sections for each animal study, corrected by
the maximal activity. Corrected radiation intensities of V and perfusion Q studies were
represented as pearson r2 correlation.

Electrophysiological Studies
Rat pulmonary arteries (250-350 µm internal diameter) were isolated from male Wistar
rats (250 to 300 g) in a physiological salt solution (PSS) of composition (in mmol/L) :
NaCl 130, KCl 5, MgCl2 1.2, CaCl2 1.5, glucose 10, HEPES 10 (pH 7.3 with NaOH).
Arteries were endothelium-denuded, cut into small segments and placed into a Ca 2+-free
PSS containing (in mg/mL) papain 1, dithiothreitol 0.8, and albumin 0.7 for 10 minutes.
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Thereafter, artery segments were triturated with a polished wide bore pipette. Cells were
stored in Ca2+-free PSS (4°C) and used within 8 hours of isolation as previously
outlined.28
Membrane currents were recorded with an Axopatch 200B and a Digidata 1322A (Axon
Instruments, Burlingame, CA, U.S.A) using the whole-cell configuration of the patch
clamp technique.28 Currents were normalized for cell capacitance and expressed in
pA/pF. The external solution contained 4-AP (5 mmol/L) and glibenclamide (10 µmol/L)
to limit the contribution of K V and K AT P channels, respectively, and 5-HT (10 µmol/L) to
mimic the conditions used in the vascular reactivity experiments. The pipette (interna l)
solution contained (in mmol/L) KCl 110, MgCl2 1.2, Na2 ATP 5, HEPES 10, and EGTA
0.1, pH adjusted to 7.3 with KOH. Current-voltage relationships were generated in
voltage clamped cells held at a membrane potential of -60 mV and stepped from -60 mV
to +60 mV in 10 mV increments. The effects of JSI-124 1 µM were studied in the absence
or in the presence of the BK Ca channel blocker iberiotoxin 100nM.

Statistical analysis
Statistical analysis of results was carried out by parametric (animal and cellular studies)
or non-parametric (human tissue studies) analysis as appropriate. P < 0.05 was considered
statistically significant. Non-parametric tests were used to compare results from human
samples of control patients, IPF and IPF + PH patients. In this case, data were displayed
as medians and interquartile range values. When the comparisons concerned more than
two groups, analysis of variance (Kruskal-Wallis test) was first performed. In the case of
a global significant difference, between-group comparisons were assessed by the Dunn’s
post-hoc test, which generalizes the Bonferroni adjustment procedure. When the
comparisons concerned only 2 groups, between-group differences were analyzed by the
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Mann Whitney test. Results from animal, ex vivo and cellular in vitro mechanistic cell
experiments were expressed as mean ± SE of n experiments since normal distribution for
each data set was confirmed by histogram analyses and Kolmogorov–Smirnov test. In
this case, statistical analysis was carried out by parametric analysis. Two-group
comparisons were analysed using the two-tailed Student’s paired t-test for dependent
samples, or unpaired t-test for independent samples. Multiple comparisons were analysed
by one-way or two-way analysis of variance followed by Bonferroni post hoc test.
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Supplemetary Figures

Supplementary Figure S1
Expression and localization of JAK2 in pulmonary arteries from idiopathic
pulmonary fibrosis patients (IPF). Lung tissue from control subjects (n = 10), IPF (n =
10) and IPF + PH patients (n = 9) was obtained. Immunohistochemistry of JAK2/p-JAK2
and STAT3/p-STAT3. Scale bar: 100µm. The IgG isotype control was negative (data not
shown).
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Figure S2. The endothelial-to-mesenchymal transition occurs in patients with
idiopathic pulmonary fibrosis in vivo; activation of JAK2.
Photomicrographs of representative histological sections from pulmonary human tissue
from normal lungs (n = 5), idiopathic pulmonary fibrosis lungs (IPF; n = 6) and IPF plus
pulmonary hypertension (IPF +PH). Tissue sections were immunostained with CD31, αSMA and JAK2 antibodies followed by anti-mouse rhodamine or anti-rabbit-FITC
secondary antibodies and DAPI to stain nuclei. Representative images are shown. White
arrows indicate pulmonary artery endothelial cells. IgG isotype controls were negative.
Scale bar = 30 µm.
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Figure S3. The endothelial-to-mesenchymal transition occurs in patients with
idiopathic pulmonary fibrosis in vivo; activation of p-STAT3.
Photomicrographs of representative histological sections from pulmonary human tissue
from normal lungs (n = 5), idiopathic pulmonary fibrosis lungs (IPF; n = 6) and IPF plus
pulmonary hypertension (IPF +PH). Tissue sections were immunostained with CD31, αSMA and p-STAT3 antibodies followed by anti-mouse rhodamine or anti-rabbit-FITC
secondary antibodies and DAPI to stain nuclei. Representative images are shown. White
arrows indicate pulmonary artery endothelial cells. IgG isotype controls were negative.
Scale bar = 30 µm.
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Figure S4. JAK2 inhibition ameliorates endothelial-to-mesenchymal transition in
pulmonary arteries in an animal model of bleomycin-induced lung fibrosis; analysis
of JAK2 expression.
Wistar rats received a single intratracheal dose of bleomycin (BLM; 3.75 U/kg) on day 1.
JSI-124 (1mg/kg/day i.p) or vehicle was administered from day 7 until analysis at day 28
(n = 10 per group). Photomicrographs of representative histological sections from
pulmonary rat tissue of the control, bleomycin (BLM) and BLM plus JSI-124. Tissue
sections were immunostained with CD31, α-SMA and JAK2 antibodies followed by antimouse rhodamine or anti-rabbit-FITC secondary antibodies and DAPI to stain nuclei.
Representative images are shown. White arrows indicate pulmonary artery endothelia l
cells. IgG isotype controls were negative. Scale bar = 30 µm.
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Figure S5. JAK2 inhibition ameliorates endothelial-to-mesenchymal transition in
pulmonary arteries in an animal model of bleomycin-induced lung fibrosis; analysis
of p-STAT3 expression.
Wistar rats received a single intratracheal dose of bleomycin (BLM; 3.75 U/kg) on day 1.
JSI-124 (1mg/kg/day i.p) or vehicle was administered from day 7 until analysis at day 28
(n = 10 per group). Photomicrographs of representative histological sections from
pulmonary rat tissue of the control, bleomycin (BLM) and BLM plus JSI-124. Tissue
sections were immunostained with CD31, α-SMA and p-STAT3 antibodies followed by
anti-mouse rhodamine or anti-rabbit-FITC secondary antibodies and DAPI to stain nuclei.
Representative images are shown. White arrows indicate pulmonary artery endothelia l
cells. IgG isotype controls were negative. Scale bar = 30 µm.
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