
Supplementary files: Detailed materials and methods 

Sclerodermatous, chronic Graft-versus-Host Disease 

The B10.D2Balb/c [H-2(d)] minor histocompatibility antigen-mismatched model was performed as 

described previously [1-6]. In detail, PBS was used to flush bone marrow cells from bone marrow 

cavities of tibias and femurs followed by erythrocyte hemolysis. Splenocytes were separated using a 

100 µm nylon cell strainer (BD falcon, Germany). Recipient mice [Balb/c (H-2d)] underwent total 

body irradiation with 700 cGy. Six hours after the irradiation, each recipient mouse received 2 x 10
6
 

splenocytes and 1 x 106 bone marrow cells, dissolved in 100 µl PBS, from either BALB/c (H-2d) in a 

syngeneic or B10.D2 (H-2d) in an allogeneic, multiple minor mismatched transplantation via tail vein 

injection. Mice were kept under low-germ conditions. The treatment was started at the onset of first 

clinical signs of disease 10 days after BMT. At day 42, mice were sacrificed and the skin was 

processed for further analysis. 

 

Topoisomerase I mouse model 

Skin fibrosis was induced in 6 weeks old C57BL/6 mice by subcutaneously injecting 250 U/ml DNA 

topoisomerase I diluted with Freund’s Adjuvant every second week. Controls were injected with 0.9% 

NaCl. After 8 weeks of DNA topoisomerase I challenge, mice were sacrificed and the injected skin 

processed for further analysis [7]. 

 

Analysis of murine skin 

For histopathological analyses, specimen were fixed in 4% paraformaldehyde, embedded in paraffin, 

and sliced into 5 µm-sections. For skin thickness, slices were stained with Masson’s trichrome 

reagents. Dermal thickness was analyzed at 100-fold magnification by measuring the distance between 

epidermal-dermal junction and the dermal-subcutaneous fat junction. To detect myofibroblasts, skin 

sections were stained with a monoclonal antibody against α-smooth muscle actin (clone 1A4; Sigma-



Aldrich, Taufkirchen, Germany). Slices were further processed with peroxidase reaction (horseradish-

peroxidase-labeled secondary antibody). Irrelevant isotype-matched antibodies were used as controls. 

In each section, α-smooth muscle actin-positive cells were counted in three randomly chosen high-

power fields at a magnification of 200-fold. Dermal infiltration by leukocytes was assessed by a semi-

quantitative scoring with 0 = no / 1 = slight / 2 = moderate / 3 = severe inflammatory infiltrate / 4 = 

very severe inflammatory infiltrate on hematoxylin/eosin-stained sections at 100-fold magnification. 

Histomorphometric analysis was assessed by measuring the integrated density of the fibrotic tissue of 

Masson’s trichrome stainings using Image J Launcher (V. 1.4.3.67). 

 

Immunofluorescence for F4/80, cMAF, arginase and IL-6  

After deparaffinization and blocking with 2% BSA in PBS, murine skin sections were 

incubated with a polyclonal rat anti-F4/80 antibody (AbD Serotec, Düsseldorf, Germany), 

polyclonal rabbit anti-cMAFG (abgent, USA), polyclonal goat anti-arginase (Santa Cruz, 

Heidelberg, Germany) and a polyclonal rabbit anti-IL-6 antibody (Abcam, Cambridge, UK). 

To exclude unspecific signals, mouse IgG (Beckton Dickinson, East Rutherford, USA) was 

used as isotype control. Donkey anti-rat Alexa Fluor 594 and goat anti-rabbit Alexa Fluor 488 

and chicken anti-rat Alexa Fluor 647 were used as secondary antibodies. The cell nuclei were 

stained with 4’.6-diamidino-2-phenylindole (DAPI; 1:800; Santa Cruz Biotechnology, 

Heidelberg, Germany). Images were captured at 200-fold magnification using a Nikon Eclipse 

80 microscope (Nikon, Badhoevedorp, Netherlands). F4/80, cMAF, arginase positive 

macrophages were counted using the ImageJ cell counting plug-in and IL-6 staining was 

assessed by semi-quantitative scoring (with 0 = no / 1 = slight / 2 = moderate / 3 = strong 

inflammatory infiltrate / 4 = very strong staining) in 5 different sections of lesional skin for 

each mouse at 200-fold magnification. 

 



Isolation and culture of fibroblasts 

Fibroblast cultures were obtained from skin biopsies of eleven SSc patients and fourteen healthy 

volunteers. All SSc patients presented with diffuse-cutaneous SSc, and 3 mm punches were taken from 

clinically fibrotic skin at the volar side of the forearm. 

Fibroblasts from passages 4 to 8 were used for the experiments. Fibroblasts were seeded in 6-well 

plates and grown in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% FBS 

100 U/ml penicillin, 100 g/ml streptomycin, 2 mM L-glutamine, 2.5 g/ml amphotericin B (all Gibco 

BRL, Basel, Switzerland) until cells reached confluence. FBS was reduced to 0.1% for 24 h. 

Fibroblasts were pretreated with (R,S)-rolipram in a concentration of 10.0 µM for 1 h and then 

stimulated with recombinant transforming growth factor-β (TGF-β) (10 ng/mL; R&D Systems, 

Abingdon, UK). Twenty-four and forty-eight hours after TGF-β stimulation, supernatants were 

collected (to measure collagen content) and cells lysed in RAI-1 buffer (for RNA analysis; NucleoSpin 

RNA II extraction system). (R,S)-rolipram was dissolved in DMSO; the final concentration of DMSO 

in the experiments did not exceed 0.1%. 

 

Scratch assay 

Scratch assays were performed as a combined read-out for migration and proliferation. Primary human 

dermal fibroblasts from patients with SSc and healthy individuals were grown to confluence in six 

well plates and scratches to the cell layers were induced by 1000 μL tips. The distance between both 

sites of the scratches was determined after 48 h by measuring the maximal distance for each scratch. 

The migration rate was calculated as (the width of the scratch at 0 h − the width of the scratch at 48 

h)/the width of the scratch at 0 h. 

 

Visualization of stress fibers 



Stress fibers were visualised with rhodamine-conjugated phalloidin (Molecular Probes, Eugene, 

Oregon, USA). Nuclei with 4’,6-diamidin-2-phenylindol (DAPI). Images were captured using a 

Nikon Eclipse 80i microscope (Nikon, Düsseldorf, Germany). 

 

Isolation, selection and culture of macrophages 

Peripheral blood mononuclear cells (PBMCs) were isolated from the peripheral blood of fourteen SSc 

patients and sixteen healthy volunteers using Lymphoflot
®
 (Bio-Rad, Hercules, California, USA) 

according to the manufacturer's recommendations. CD14+ microbeads (Miltenyi, Bergisch Gladbach, 

Germany) were used for positive selection of human monocytes and macrophages. 

Monocytes/macrophages were seeded in RPMI supplemented with 10% FBS, 100.0 U/ml penicillin, 

100.0 g/ml streptomycin, 2.0 mM L-glutamine, 2.5 g/ml amphotericin B (all Gibco BRL, Basel, 

Switzerland) and 25.0 nM human M-CSF (Peprotech, Rocky Hill, New Jersey, USA) for 6 days at 

37°C and 5% CO2. At days 3 and 6 the medium was replaced by fresh medium. At day 6, cells were 

treated with 10.0 µM of (R,S)-rolipram. Twenty-four hours later, cells were stimulated with either 100 

nM LPS for M1 macrophage differentation or 10.0 nM interleukin (IL)-4 and 10.0 nM IL-13 for M2 

macrophage differentiation (all Peprotech, Rocky Hill, New Jersey, USA). One and three hours after 

stimulation, cells were lysed in RAI-1 buffer for gene-expression analysis. Twenty-four hours after 

stimulation, supernatants were collected for IL-6 measurements. For experiments with already 

differentiated M2 macrophages, monocytes were pre-stimulated with 10.0 nM IL-4 and 10.0 nM IL-13 

at day six. Three hours later, 10.0 µM of (R,S)-rolipram was added and cells were lysed another three 

hours later. For siRNA experiments, monocytes were transfected with 5.0 nM siRNA targeted against 

PDE4B (Santa Cruz, Heidelberg, Germany) six days after isolation. Twenty-four hours later, cells 

were stimulated with 10.0 nM IL-4 and 10.0 nM IL-13, six hours later, cells were lysed. 
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