
Supplemental Experimental Procedures 

Animal experiments. Mice used in this study were between 8-12 weeks of age. Littermates 

were used as controls (Ctrl). Clec4g-eYFP reporter animals were at least 12 weeks old. All 

animals were hosted in single ventilated cages (Sealsafe plus DGM™, Techniplast, Italy; 

Bedding H0234-20, Ssniff, Germany) in a 12 h/12 h day/night cycle under Specific-pathogen-

free conditions and fed ad libitum with a standard rodent diet (ssniff®R/M-H autoclavable, 

V1534-000, Ssniff, Germany). 

 

Bioluminescence imaging. For in vivo bioluminescence imaging (BLI) mice were injected 

with luciferin (D-luciferin 1-(4,5-dimethoxy-2-nitrophenyl)ethyl ester, 30 mg/ml, BioVision, 

CA, USA) intraperitoneally. Animals were imaged using an IVIS200 charge-coupled device 

imaging system (Caliper Life Sciences, MA, USA) with an exposure time of 45 secs. When 

performing ex vivo BLI, animals were sacrificed 10 mins after luciferin injection, liver and 

lungs were excised and put into a petri dish (Greiner Bio One, Austria). Ex vivo imaging of 

organs was performed in the IVIS200 system, exposure time was set to 45 secs. 

 

Blood parameters. After 4 h of fasting during day cycle blood samples were taken from the 

retrobulbous vein plexus. Plasma was separated (centrifugation at 7000 x g for 7 min at 20°C 

in Microvette® 500 LH, Sarstedt, Germany) and analyzed for Triglycerides, Cholesterol, 

Bilirubin, ALT, AST, GLDH, CHE and total protein (cobas c 311 Analyser®, F. Hoffmann-

La Roche AG, Switzerland). Blood sugar was measured using a point-of-care testing device 

(StatStrip™ Xpress™, Nova Biomedical, USA). Calibration and independent controls were 

used as recommended by the manufacturer. 

 



Liver dissection, cryopreservation, and paraffin embedding. Mice were sacrificed by 

cervical dislocation. For genotype reconfirmation tail clipping was performed. Livers were 

fixed in 4 % PFA at 4°C for 24 h, followed by paraffin embedding according to standard 

protocols. Livers were embedded in OCT (Sakura Finetek Europe B.V. KvK, Netherlands). 

For (e)YFP and nEGFP co-immunofluorescence staining, livers were first perfused and fixed 

in 4 % PFA overnight. After 24 h incubation in 30 % sucrose in PBS they were then 

embedded in OCT compound (Sakura). 

 

Embryo dissection and genotyping. Pregnant mice were sacrificed by cervical dislocation. 

Embryos were dissected, pictures were taken and genotyping was performed from the 

collected yolk sac tissue. 

 

Immunohistochemistry and Immunoflurescence. Deparaffinization and rehydration of 

paraffin sections (1 – 5 µm) was performed according to standard protocols. Antigen retrieval 

was carried out with epitope retrieval solution (Zytomed Systems, Germany) at either pH 6, 

pH 8 or pH 9. Cryosections (8 µm) were fixed with 4 % PFA or re-hydrated in PBS when 

PFA perfused, pre-fixed livers were cut. First antibody was incubated over night at 4°C, 

secondary antibody was applied for 1 h at room temperature after three washing steps with 

PBS. Sections were mounted with Dako fluorescent mounting medium (Dako, Agilent 

technologies, USA). Staining of paraffin sections was performed as previously described (4). 

For hematoxylin & eosin (H&E), periodic acid-Schiff (PAS), Prussian blue and Sirius red 

staining, formalin-fixed, paraffin-embedded samples were processed according to standard 

protocols provided by the manufacturer. 

 



RNA in situ hybridization. Liver tissue was sectioned at 4 µm. A modified non-isotopic 

in situ hybridisation protocol was carried out using the RNAscope® 2.5 HD Red kit (322350, 

Advanced Cell Diagnostics, USA) following the manufacturer’s recommended protocol. 

Specific probes against the positive control mouse Ppib (Cyclophilin B) gene and mouse 

Axin2 (400331, Advanced Cell Diagnostics, USA), Bmp2 (406661, Advanced Cell 

Diagnostics, USA), Clec4g (503371, Advanced Cell Diagnostics, USA), Hgf (315631, 

Advanced Cell Diagnostics, USA), Wnt2 (313601, Advanced Cell Diagnostics, USA),Wnt9b 

(405091, Advanced Cell Diagnostics, USA), Hes1 (417701, Advanced Cell Diagnostics, 

USA) and Hey1 (319021, Advanced Cell Diagnostics, USA) were applied. Finally, sections 

were stained with DAB and counterstained with hematoxylin. Quantification of ISH stainings 

was performed by ImageJ software (NIH, USA) using Weka Segmentation as recommended 

by the manufacturer. RNAscope® Multiplex Fluorescent v2 assay (323110, Advanced Cell 

Diagnostics, USA) was performed with mouse Stab2 (Channel 1) and mouse Clec4g 

(Channel 2) probes as recommended by the manufacturer. Images were acquired by confocal 

microscopy. 

 

Image acquisition and processing. Pictures of routine histology stainings and 

in situ hybridizations were acquired by a Zeiss Axio Scan.Z1 slide scanner (Zeiss, Germany) 

using a 20x/0.8 plan apochromat objective. During acquisition data were not compressed. 

Pictures were processed in ZEN blue software (Zeiss, Germany). 

 

Confocal microscopy. Analysis of fluorescent-labelled sections was performed with a TCS 

SP5 DS or TCS SP5 MP laser scanning spectral confocal microscope (Leica Microsystems, 

Germany). For excitation wavelengths were set to 488, 543 and 633 nm. To visualize Alexa 

Fluor 488, Cy3 and Alexa Fluor 647 conjugates the emission maxima were detected at 518, 



570 and 673 nm. Three representative areas per samples were chosen and images were 

acquired in a sequential mode. Processing of images was performed by Leica confocal 

software (Leica Microsystems, Germany) and ImageJ software (NIH, USA). In detail, color 

thresholds were set in relation to the whole image (= fluorescent area). 

 

Antibodies. Primary antibodies: Rat anti-CD31 (DM3614P, Dianova, Germany), goat 

anti-CD32b (AF1460, R&D Systems, USA), goat anti-PODXL (AF1556, R&D Systems, 

USA), rabbit anti–Stabilin-2 peptide 15 antibody (40), goat anti-Lyve1 (AF2125, R&D 

Systems, USA), rat anti-Endomucin (14-5851-82, Thermo Fisher Scientific, USA), rabbit 

anti-ICAM-1 (10020-1-AP, Proteintech, USA), goat anti-VCAM-1/CD106 (AF643, R&D 

Systems, USA), goat anti-VE-Cadherin (AF1002, R&D Systems, USA), rabbit anti-Gata4 

(ab84593, Abcam, UK), goat anti-Lama4 (AF3837, R&D Systems, USA), rabbit anti-Desmin 

(ab15200, Abcam, UK), rat anti-CD68 (137002, BioLegend, USA), goat anti-Clec4f 

(AF2784, R&D Systems, USA), chicken anti-GFP (AB13970, Abcam, UK), rabbit 

anti-Fibronectin (ab23750, abcam), rabbit anti-Collagen I (R1038, Acris Antibodies, 

Germany), rabbit anti-Collagen III (R1040, Acris Antibodies, Germany), rabbit 

anti-Collagen IV (NB120-6586, Novus Biologicals, Germany), rabbit anti-Glutamine 

Synthetase (G2781, Sigma-Aldrich, Germany), goat anti-Arginase I (sc-18351, Santa Cruz, 

USA), rabbit anti-CYP2E1 (AB1252, Merck Millipore, Germany), goat anti-RhBg 

(PA5-19369, Thermo Fisher Scientific, USA), rabbit anti-β-catenin (AB32572, Abcam, UK), 

CD45 (550539, BD Biosciences, USA), Rat anti-CD11b (101202, BD Biosciences, USA), 

goat anti-c-Kit (AF1356, R&D Systems, USA), Rat anti-TER-119 (550565, BD Biosciences, 

USA), Armenian Hamster anti-CD61 (BLD-104310, BioLegend, USA), Rabbit 

anti-E-Cadherin (3195S, Cell Signaling, USA) and rat anti-CD146 (123312, Biolegend, 



USA). Secondary antibodies: Alexa-Fluor 488, Alexa-Fluor 647 and Cy3-conjugated 

secondary antibodies were purchased from Dianova (Germany). 

 

Quantitative reverse-transcription PCR. Total RNA from livers was extracted with 

innuPREP RNA Mini Kit (Analytik Jena, Germany) and reverse transcribed into cDNA with 

RevertAid H-Minus M-MuLV transcriptase (Thermo Fisher Scientific, USA). Primers were 

designed using Primer-Blast (NCBI) (Supplementary Table S1). Quantitative reverse-

transcription PCR (qRT-PCR) analysis was performed in a Mx3005P system (Agilent 

technologies, USA) using SYBR Green PCR Master-Mix (Thermo Fisher Scientific, USA). 

Data represent mean of three technical replicates from at least five independent animals. Gene 

expression was normalized to a reference gene (β-Actin) and calculated using the ΔCt 

method. The ΔΔCt method was used to calculate relative fold changes between control and 

NICD
OE-HEC

. 

 

Echocardiography. For echocardiography, mice were anaesthetized with 0.5–1.0 % 

isoflurane and placed on a heating pad to maintain body temperature. Non-invasive, 

echocardiographic parameters were measured with a linear 30-MHz transducer (Vevo 3100, 

Visualsonics, Canada). Left ventricular end-diastolic area (LVEDA) and the average diastolic 

wall thickness were recorded from the parasternal short axis view. Ejection fraction (EF) was 

calculated from the long parasternal axis view.  

 

Heart histological analysis. Hearts were fixed in 4% paraformaldehyde and were embedded 

in paraffin. Sirius red and H&E staining was performed on 12 μm sections. Subsequently, the 

fraction of the fibrotic area (stained in red) from the total myocardial area was determined 



using Adobe Photoshop Element Software. Cardiomyocyte cross sectional area were measure 

from H&E stained sections using Image J software. 

 

LSEC isolation. Livers were perfused in situ via the portal vein with a collagenase/amino 

acid/saccharide solution (C2674, Sigma-Aldrich, USA), dissected, mechanically disrupted, 

pooled from 3 mice, digested for 25 minutes at 38 °C in collagenase/Gey’s balanced salt 

solution (G9779, Sigma-Aldrich, USA) and filtered through a mesh. Non-parenchymal cells 

were separated by a 19.3 % Nycodenz gradient. Afterwards, LSEC were isolated by 

Magnetic-activated cell sorting (MACS®) using CD146 MicroBeads (130-092-007, Miltenyi 

Biotech, Germany) according to manufacturers’ instructions. Purity of LSEC isolates was 

confirmed by FACS and showed >90% positivity for CD31 and Stab2. 

 

Microarray gene expression profiling. Gene expression profiling was performed using 

Affymetrix GeneChip Mouse Gene 2.0 ST Arrays (902119, Applied Biosystems, USA). Total 

RNA was extracted with innuPREP RNA Mini Kit (845-KS-2080250, Analytik Jena, 

Germany), then treated with TURBO DNA-free Kit (AM1907, Invitrogen, USA). 

Biotinylated cRNA were prepared according to the standard Affymetrix protocol. 

Hybridization (16 h x 45 °C) was processed according to the standard Affymetrix protocol. 

Microarrays were scanned using Affymetrix GeneArray Scanner3000. The data were 

analyzed with a commercial software called JMP Genomics, version 7, from SAS. A Custom 

CDF Version 22 with Entrez based gene definitions was used to annotate the arrays. The Raw 

fluorescence intensity values were normalized applying quantile normalization, RMA 

background correction and Medianpolish Probeset Summary. The raw and normalized data 



were deposited in the Gene Expression Omnibus (GEO) database 

(https://www.ncbi.nlm.nih.gov/geo/; accession No. GSE119875). 


