Pharmacometabolic response to pirfenidone treatment in pulmonary fibrosis
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Supplementary information

Bleomycin-induced mouse model of pulmonary fibrosis and pirfenidone treatment

For this study, 8- to 10-week-old female C57BL/6N mice (Charles River Laboratories) were
used for the experiments, which were performed in accordance with the recommendations in
the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health.
Pulmonary fibrosis in mice was established as previously described (1). Briefly, bleomycin (3
U/kg) was dissolved in sterile phosphate-buffered saline (PBS) and applied intratracheally as
a single dose to C57BL/6N mice. Control mice were given PBS. From day 7 to day 14,
experimental animals were administered pirfenidone (Selleckchem, Houston, TX, USA) in
carboxymethyl cellulose (CMC) by oral gavage daily. We used a dose of 500 mg/kg body
weight pirfenidone, based on literature reports (2, 3). Control mice received CMC only. All
animals (control=3, bleomycin=3, pirfenidone treatment=3) were sacrificed on day 14. The
lungs were rapidly dissected, fresh-frozen in liquid nitrogen, and stored at -80°C until

sectioned.

MADLI-MSI tissue preparation

The frozen tissues were cut into 12-pum thick sections at -20°C using a microtome (Leica
CM1950, Leica Microsystems, Germany). The sections were thaw-mounted onto indium tin
oxide -coated MALDI target slides (Bruker Daltonics, Bremen, Germany) and stored at -80°C

until further analysis.

For endogenous metabolite MALDI-MSI, the matrix solution was prepared by dissolving 9-
aminoacridine hydrochloride monohydrate matrix (Sigma-Aldrich, Germany) in 70%
methanol to a final concentration of 10 mg/ml. The matrix solution was sprayed by a
SunCollect™ automatic sprayer (Sunchrom, Friedrichsdorf, Germany). The flow rate was 10,
20, 30, and 40 ul/min for the first four layers, respectively. The next four layers were sprayed
at 40 pl/min. For MALDI-MSI of pirfenidone and the related metabolites 5-hydroxymethyl
pirfenidone and 5-carboxy pirfenidone, a 30 mg/ml super-DHB matrix (Sigma-Aldrich) in 50%
methanol containing 0.2% trifluoroacetic acid was applied using an automated spray coating
machine, ImagePrep (Bruker Daltonics). Following the MALDI imaging experiments, the
matrix was removed by washing with 70% ethanol. Then, slides were quickly dipped in
distilled water and stained with H&E. Slides were scanned with a MIRAX DESK digital
slide-scanning system (Carl Zeiss Microlmaging, Goéttingen, Germany).



Data processing and statistical analysis
Data processing

The acquired MSI data underwent spectra processing with FlexImaging v. 4.0 software
(Bruker Daltonics). The raw data were normalized against the root mean square of all data
points. The average spectra of defined regions of interest were exported as .csv files and
subsequently processed by MATLAB R2013a (Mathworks, Natick, MA, USA). A self-
implemented MATLAB analysis pipeline was performed as previously described (4), (5), (6) .
Basically, baseline correction was performed by interpolating between given equally spaced
intervals (spacing 0.02 Da). Resampling was performed using a 0.005-Da step width, and the
smoothing operation was carried out using a size 3 Kaiser-Window. Using an adapted version
of the LIMPIC algorithm (7), peaks were picked using a minimal peak width of 0.0005, a
noise-threshold of 2, and an intensity threshold percentage of 0.01. Isotopes were excluded.
To identify statistically significant differences in m/z values, the peak lists were analysed
using the Student’s t-test (unpaired, two-tailed) and Benjamini-Hochberg post hoc test
(alpha=0.05). As a result, a list of significantly different metabolites could be achieved with a

corresponding p-value of <0.05 and intensity fold-change of >1.5.

Relative quantification of endogenous metabolites
The comparison of relative abundance of endogenous metabolites between different groups
was performed using One-Way analysis of variance, with followed by Bonferroni test. Data is

presented as bars or whiskers vertical graphs with mean + standard deviation.

Unsupervised hierarchical clustering

Hierarchical clustering was performed using the built-in FlexImaging v. 4.0 (Bruker Daltonics,
Germany). Similar spectra are grouped using multivariate statistical analysis (8), (9). The
created segmentation maps were used to identify areas in which similar spectra occur across
the tissue sample. List of m/z species with respective intensities for selected regions were
uploaded to MetaboAnalyst, processed with a mass tolerance of m/z 0.0001 and no data
filtering. Heatmap-based clustering was created with MetaboAnalyst

(http://lwww.metaboanalyst.ca) (10).

Metabolite identification by LC-MS


http://www.metaboanalyst.ca/

The targeted metabolite identification by LC-MS was performed as described previously (5).
Briefly, 30 mg of lung tissue was lysed with 1 ml cold 80% MeOH/20% water in
NucleoSpinBeadTube (Macherey Nagel, Diren, Germany) for 3 min at a frequency of 30 Hz
using a TissueLyser (Qiagen, Hilden, Germany). The supernatant was collected by
centrifugation at 17,900 x g at 4°C for 15 min. Then, 10 ul of tissue sample and 10 pg/ml of
single metabolite standards were injected into an XBridge Amide column (100 mm x 4.6 mm
ID, 3.5 um; Waters, Eschborn, Germany) via full-loop injection. LC-MS was performed on a
Waters Acquity UPLC (Waters) coupled to maXis UHR-TOF-MS (Bruker Daltonics) using
an established protocol (11). For confirmation of metabolite identity, the resulting mass

spectra were compared against reference spectra from the measured standards.
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