Pirfenidone exacerbates Th2-driven vasculopathy in a mouse model of SSc-ILD
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SUPPLEMENTAL MATERIALS

MATERIAL AND METHODS

Animal experiments

Female Fra-2 overexpressing/transgenic (Fra-2 TG) mice and wild-type (WT) littermates were
maintained under specific pathogen free conditions in isolated ventilated cages with 12-hour
light/dark cycles. All animal experiments met EU guidelines 2010/63/EU and were approved
by the local authorities (Austrian Ministry of Education, Science and Culture). Bleomycin was
given intra-tracheally at a dose of 0.8 units per kg bodyweight as described previously [1, 2].
Pirfenidone treatment protocol was adapted from previous publications [3] and incorporated
into standard laboratory chow at 2.8 mg/g (Sniff, Soest, Germany). Pirfenidone was provided
by HOFFMANN-LA ROCHE. Food was weighed regularly and mean pirfenidone uptake was
calculated. Mean pirfenidone uptake was approximately 400 mg/kg bodyweight per day, a
frequently used dosage in mouse studies, leading to pirfenidone exposure ratios and plasma
concentrations similar to those in patients treated with pirfenidone [4—6]. Pirfenidone treatment
of Fra-2 TG and WT mice was performed in two independent experiments with five to eight
mice per group. Schematic representations of Fra-2 TG and bleomycin experiments are shown
in Figures 1A and 5A, respectively. Treatment of Fra-2 TG and WT mice with the glucocorticoid

budesonide was described and published previously [7].

Lung function measurements

Following pirfenidone treatment, lung function of Fra-2 TG and WT littermate control mice with
and without pirfenidone treatment was measured. To this end, mice were anesthetized using
a combination of 150 mg/kg ketamine and 20 mg/kg xylazine, intubated and mechanically
ventilated (frequency: 150 breaths/min, tidal volume: 10 ml/kg and positive end expiratory
pressure: 2 cmH20). Lung function was measured using a flexiVent FX1 module (SciReq,

Canada).



Bronchoalveolar lavage fluid (BALF)

Following lung function measurements, mice were sacrificed by exsanguination and lungs
were lavaged with 1 ml PBS containing protease inhibitor cocktail (Roche) and 1 mM EDTA.
BALF was centrifuged and total cell counts were made, the supernatant was frozen and stored

at -80°C until further analysis.

Single cell lung tissue homogenates

Single cell suspensions from lung tissue were performed as previously described [3]. In short,
the lower right lobe was digested in medium containing 0.7 mg/ml collagenase and 30 pg/ml
DNAse for 40 min at 37°C. Tissue was passed through a 100 um cell strainer to obtain a single

cell suspension. Erythrocytes were lysed for 5 min using ammonium chloride buffer.

Inflammatory cell profiling (Flow cytometry)

BAL cells and single cell lung tissue homogenates were analysed using a LSRII flow cytometer
and analysed with the FACSDiva software (BD Biosciences) as previously described [4]. Cells
were initially gated on CD45 positivity and were identified as follows: neutrophils (CD11b+,
CD11c-, Gr-1+), macrophages (CD11b low, CD1l1c+, Siglec-F+), dendritic cells (CD11b+,
CD11c+, MHC-II high), T helper cells (CD3+, CD4+), cytotoxic T cells (CD3+, CD8+), B cells
(CD19+), and eosinophils (CD11b+, CD11c-, Siglec F+). Antibody details are provided in Table
S1. For the heatmap presentation, data was normalised using sqrt(sqrt(cellcount)). z-scores

cell counts are shown.

Immunofluorescence and tissue staining

Lung tissue samples were formalin-fixed, paraffin embedded and cut into 2.5 pum sections.
Sections were deparaffinised and rehydrated in decreasing concentrations of ethanol. Tissue
sections were stained with Masson'’s trichrome or Sirius red for histological collagen analysis.
Eosinophils were stained using 1% Chromotrop 2R (St. Louis, MO, US) in aqueous solution
for 10 min, followed by hemalaun nuclear counterstain. To quantify the degree of

muscularisation, lung tissue sections were stained by double immunohistochemistry with the



endothelial cell marker von Willebrand factor (VWF) and a-smooth muscle actin (a-Sma) as

described previously [5].

Immunofluorescence staining was performed on rehydrated tissue sections with antigen
retrieval performed in sodium citrate pH6 buffer. Blocking was performed using 5% donkey
serum. Sections were incubated with primary antibodies against VE-Cadherin (1:50, R&D
Systems) and von Willebrand factor (1:500, Dako) overnight at 4°C, followed by washing and
incubation with Alexa Fluor-488/647-labelled secondary antibodies (Life Technologies) at room
temperature for 30 min. Negative controls were performed alongside by omission of the first
antibody. Slides were mounted with Vectashield DAPI containing mounting medium (Vector

Laboratories, Burlingame, CA).

Chamber slides were blocked with 0.1% Triton X and 3% BSA in PBS for one h at room
temperature. Unconjugated primary antibodies were diluted in the same buffer and slides were
incubated overnight at 4°C. The following day, slides were incubated with Alexa Fluor-488/647-
labelled secondary antibodies and AF555 pre-labelled anti-Phalloidin antibody. Slides were
mounted with Vectashield DAPI containing mounting medium (Vector Laboratories). Allimages
were taken using a laser scanning confocal microscope (Nikon A1R Ultra-Fast Spectral
Scanning Confocal Microscope) with a CFI Plan Apochromat Lambda 60x/1.4 oil immersion

objective.

Quantification of vascular remodelling and histological scoring

Tissue sections were analysed using Visiopharm integrated software VIS (Visiopharm,
Denmark). Per mouse, 15067 (minimum: 34, maximum 234) vessels, ranging from 10 to 100
pm in size, were analysed. Deposition of collagen was analysed on Sirius red stained sections,
as described previously [5]. To acquire values indicative of parenchymal collagen deposition,

bronchi and vessels with a diameter larger than 200 pum were excluded from analysis.

Hydroxyproline measurements
Lung tissue was weighed and hydrolized in 2 N NaOH for eight hours at 120°C. Hydroxyproline

measurements were performed as previously published [10].



Western blotting

Proteins from mouse lung homogenate samples were isolated using RIPA buffer (Sigma).
Protein samples were separated by SDS-PAGE and transferred to PVDF membranes (GE
Healthcare, UK). Membranes were incubated with primary antibodies (Collagen 1, 1:1000;
Southern Biotech, USA, and a-tubulin, 1:1000; Cell Signaling Technologies, USA) at 4°C
overnight, followed by one h incubation at room temperature with HRP-conjugated secondary
antibodies. Membranes were incubated with ECL prime developing solution (GE Healthcare,

UK). Signal detection was done using a ChemiDoc Touch Imaging System (Bio-Rad, USA).

RNA isolation and real-time RT-PCR

Total RNA was isolated from lung homogenates using the peqGOLD Total RNA Kit (Peglab,
Germany) and reverse transcribed using the iScript cDNA Synthesis kit (Bio-Rad, USA). The
real-time RT-PCR reaction was run on a LightCycler 480 System (Roche Applied Science,
Austria) using the QuantiFast SYBR Green PCR kit (Qiagen, Germany). Hydroxymethylbilane
synthase (HMBS) and beta-2-microglobulin (B2M) were used as reference genes. The
threshold cycle (Ct) difference was calculated as follows: ACt = mean Ct reference genes — Ct

target gene.

Transcriptomic profiling

Total RNA was isolated from lungs using the RNeasy Mini kit (Peglab, Erlangen, Germany).
200 ng of total RNA was pre-amplified and labelled with Cy5 using the Low-input QuickAmp
Kit (Agilent Technology, Santa Clara, CA) according to the manufacturer’s instructions.
Hybridizations were performed for 18 h at 42°C on Agilent 6x80K mouse microarrays in Agilent
hybridization chambers. Data were analysed using the limma package in R. Intensity values
were background-corrected and quantile normalized. Significance of differential expression

was estimated using moderated t-statistics as previously described in full [6].

Data visualization was performed in R programming environment using Rstudio (version
1.3.952). Volcano plots were computed using “EnhancedVolcano” Bioconductor package

version 1.6.0. Variable genes across the two experimental groups were identified imposing a



significance threshold (-log adjusted p-value) of 1.3 and FC of 1. Colour coding was assigned
according to higher enrichment in wild-type animals or transgenic animals. Heatmaps were
computed using “pheatmap” package version 1.0.12. Hierarchical clustering was performed to
address similarities in each experimental animal in the two groups, respectively. Differential
gene expression is shown in single animals and colour coded according “RdYIBI” color palette.
Gene Ontology analysis was performed using enrichr [7-9] using the Gene Ontology Biological
Process 2018 reference database. P-value adjustment was performed with Benjamini-
Hochberg multiple test correction method. Top 10 GO enrichment terms were identified by
filtering out terms with adjusted p-value >0.05 and colour coded according to significance
power (-log adjusted p-value > 1.3). Chord diagram was computed using “chorddiag” package

version 0.1.3 using as input gene ontology results.

Isolation of eosinophils

Blood for the isolation of human eosinophils was collected from healthy volunteers according
to a protocol approved by the Ethics Committee of the Medical University of Graz (17-291 ex
05/06), as previously described [10]. In brief, citrated blood was centrifuged at 400 x g, for 20
min to remove plasma. Erythrocytes were eliminated via dextran sedimentation. Peripheral
blood mononuclear cells (PBMCs) and polymorphonuclear leukocytes (PMNL) were separated
via density gradient centrifugation on Histopaque 1.077 layer. Eosinophil isolation was done
from the PMNL fraction by negative selection using the MACS cell separation system,
containing a cocktail of biotin-conjugated monoclonal antibodies against CD2, CD14, CD16,
CD19, CD56, CD123, and CD235a (Glycophorin A) (Eosinophil Isolation Kit, Miltenyi Biotec,
Bergisch Gladbach, Germany), according to manufacturer’s protocol. Purity typically yielded

>98 %.

Eosinophil shape change
Eosinophil shape change was measured as previously described [10]. In short, purified
eosinophils were kept in assay buffer containing Ca?* and Mg?* (1x10%mL). Cells were equally

divided into reaction tubes and serial dilutions of pirfenidone or eotaxin-2 (diluted in assay



buffer) were added. Cells were incubated in the water bath for 4 min at 37°C followed by
immediate transfer to ice and addition of 150 pl of fixative solution on ice, to stop the reaction.
Cells were analysed on a FACSCaliburTM (BD Biosciences, NJ, US) and eosinophil shape
change was detected as an increase of the forward scatter and was normalized to the

respective vehicle control.

Eosinophil chemotaxis

Eosinophil chemotaxis was assessed as previously described [10]. Isolated human eosinophils
were resuspended in assay buffer with Ca?* and Mg?* (1x10%/mL), with or without pirfenidone
pre-treatment, and placed into top wells of a micro-Boyden chamber with 3 um pores
(NeuroProbe Inc, Gaithersburg, MD, USA) and incubated at 37°C. Eosinophils were allowed
to migrate towards increasing concentrations of eotaxin-2 (CCL24, Immunotools, Friesoythe,
Germany) for one h. Migrated cells in the bottom wells of the chambers were counted by flow

cytometry.

Eosinophil reactive oxygen species production

Production of reactive oxygen species (ROS) was measured as previously described [10].
Isolated human eosinophils were resuspended in assay buffer with Ca?* and Mg?* (1x10°%/mL)
containing 5 uM dihydrorhodamine 123 and 100 uM pirfenidone, for 30 min at 37°C.
Recombinant Cha peptide served as positive control. To stop the reaction samples were
transferred to ice, fixed and analyzed by flow cytometry. ROS production was detected as an
increase of fluorescence in the FL-1 channel due to the oxidization of the non-fluorescent dye
dihydrorhodamine 123 into fluorescent rhodamine 123. Data are shown as fold change to

vehicle control.

Lung microvascular endothelial cell culture

Human lung microvascular endothelial cells (HMVEC) purchased from LONZA were cultured
in EGM™-2 endothelial cell media supplemented with microvascular endothelial cell
supplementary kit C-22121 (Lonza, Basel, Switzerland) T75 flasks coated with 1% gelatine as

previously reported [11]. HMVEC were cultured on 8-well chamber slides. When reaching



confluence, medium was changed to EBM™-2 basal medium supplemented with 2.5% fetal
bovine serum and 1% Penicillin/Streptomycin overnight. Next day, cells were pre-treated with
IL-4 (20 ng/ml, Immunotools, Friesoythe, Germany), followed by treatment with 500 uM
pirfenidone dissolved in DMSO. DMSO alone served as negative control. After 15 min, cells
were washed, fixed with 4% PFA in PBS Plus buffer supplemented with 1% BSA and stored

at 4°C until further use.

Electrical cell-substrate impedance sensing

Human lung microvascular endothelial cells (LONZA, Basel, CH) were cultured in EGM™-2
endothelial cell growth medium (LONZA, Basel, Switzerland) on 8W10E+ PET Chips pre-
activated with 10 mM L-cystein (AppliedBiophysics, NY, USA) until reaching confluence as
previously reported [11, 12]. Medium was changed to EBM™-2 basal medium supplemented
with 2.5% fetal bovine serum and 1% penicillin/streptomycin overnight. Endothelial barrier
integrity was monitored by electrical cell-substrate impedance sensing (ECIS® Z-Theta,
AppliedBiophysics, NY, USA) upon stimulation with IL-4 (20 ng/ml) and pirfenidone 500 uM

dissolved in DMSO. The same concentrations of DMSO were used as vehicle control.

Transmigration assay

HMVEC were seeded on 96-well Transwell inserts pre-coated with 1% gelatin (3 um pore size,
polycarbonate membrane) (Corning, Lactan, Austria) at a density of 20.000 cells/well in EGM-
2 MV growth medium. The following day, HMVECs were pre-treated with vehicle or IL-4 (20
ng/mL) for two h in basal RPMI media (Thermo Fischer, U.S.A). After two h, HMVEC were
treated with pirfenidone or vehicle together with the addition of 0.1 x 10° polymorphnuclear
cells (PMNL) per well to the upper compartment. PMNL were allowed to migrate to the lower
compartment supplied with RPMI with 10% FBS or 0% FBS, respectively, for 2.5 h in
humidified incubator at 37°C. Subsequently, PMNL were collected from lower compartment
and fixed with 100 pl of fixative solution on ice. Migrated cells were counted by flow cytometry

FACSCaliburTM (BD Biosciences, NJ, US).
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Tables

Table S1: Details for antibodies used for flow cytometry analysis of inflammatory cell populations in bronchoalveolar
lavage and lung tissue of mice.

Antigen Label Panel Company Clone Isotype Dilution
Factor

CD19 BB515 1 BD Bioscience 1D3 Rat IgG2a, 1:50

CD4 APC 1 Biolegend GK1.5 Rat 1IgG2b, « 1:100

CD8 PE 1 Biolegend 53-6.7 Rat 1I9G2a, « 1:200
CD11b BV510 2 BD Bioscience M1/70 Rat IgG2b, 1:50
CDl1c ef450 2 eBioscience N418 Armenian 1:50

Hamster IgG
CD3 AF700 1 Biolegend 500A2 Syrian Hamster 1:50
19G
CD24 PerCP 2 BD Bioscience M1/69 Rat IgG2b, 1:500
Cy5.5
CD25 APC-Cy7 1 Biolegend PC61 Rat IgG1, A 1:50
CD45 PerCP- 1 eBioscience 30-F11 Rat IgG2b, « 1:200
Cy5.5

CD45 AF488 2 eBioscience 30-F11 Rat IgG2b, « 1:200

CD64 AF647 2 BD Bioscience X54-5/7.1 Mouse 1gG1, 1:20
gdTCR BVv421 1 Biolegend GL3 Hamster 19G 1:50

Gr-1 PE-Cy7 2 Biolegend RB6-8C5 Rat IgG2b, 1:800
MHC-II APC-Cy7 2 Biolegend M5/114.15.2 Rat 1IgG2b, « 1:400
Siglec F PE 2 BD Bioscience E50-2440 Rat IgG2a, « 1:20




Figure S1: Masson’s trichrome stainings of the left lung lobes of WT and TG mice with (+P)
and without pirfenidone treatment. Four representative lungs per groups are shown. Scalebar

=1mm






Figure S2: Budesonide ameliorates parenchymal collagen deposition in Fra-2 TG mice.
Quantification of sirius red collagen staining on lung sections from WT and TG mice with
(+Bude) and without treatment with the glucocorticosteroid budesonide. Left graph depicts %
of collagen within the tissue. Right graph depicts tissue density (% of tissue compared to the

whole area analysed).
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Figure S3: Pirfenidone does not exert any direct effect on eosinophil activation,
chemotaxis or survival. (A) Shape change measurement of eosinophils in response to
pirfenidone or eotaxin-2 with and without pirfenidone pre-treatment. Data are normalised to the
corresponding vehicle control. FSC: forward scatter. (B) Chemotaxis measurement (micro
Boyden chamber) in response to eotaxin-2 with ant without pirfenidone pre-treatment. (C)
Eosinophil ROS production measured by dihydrorhodamine 123 oxidation in response to C5a
(positive control) or pirfenidone. Data are shown as fold change to the corresponding vehicle
control. (D) Eosinophil survival after 3, 18 or 24 h in medium containing interleukin-5 (IL-5)

and/or pirfenidone.



>

@)

% living cells

shape change
(normalized to vehicle)

shape change
(normalized to vehicle)

—
Q@

o

0893388

QO = A
S

O N 20 PP

pirfenidone [uM]

o

MFI (normalised)

ROS production
o Cbha (nM)

o
@ pirfenidone (uM) o
o ° ® s
(o}
e o o °
(¢] ° o
[¢) o °

°
o @ @ @ 6

vehice 1 3 10 30 100

pirfenidone/C5a

D
© vehicle (DMSO) 3007 o vehicle (DMSO)
16| © pirfenidone 100pM x| e pirfenidone 100uM ©°
0® @0 o 09,
1.4 ‘9 ” = 200+ o
(e e° o0 % - e
1.21 % g 1% 0% ©
10{a0 ep o °° £ 100 . °
. (*o:4 % 50- 0© 09 oo
0.8 T T T T T T O-HMI.—I_
QDO N D N 9
eotaxin-2 [nM] eotaxin-2 [nM]
Survival
100 -
T T
80
60 -
40 A
20 ’l‘ ﬁ
0 3 hours 18 hours 24 hours
] vehicle [ pirfenidone 100uM

I IL-5 (100pM) Il IL-5 + pirfenidone



