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Detailed Method Section 

Animals: Male Sprague-Dawley rats were obtained from Charles River Laboratories (Sulzfeld, 

Germany). Male Ws/Ws rats with a homozygous mutation at the "White spotting (Ws)" locus 

which are deficient in mast cells [1] and corresponding BN/fMai wild types (WT) were from TGC 

INC. (Kanagawa, Japan). All animals received care in accordance with the "Guide for the Care 

and Use of Laboratory Animals". The study was approved by the animal care and use committee 

of the local government authorities. 

Pulmonary hypertension models: For PH owing to left heart disease, congestive heart failure was 

induced in juvenile rats with a body weight (bw) of 91±9 g by supracoronary aortic banding nine 

weeks prior to investigations [2,3]. Sham operated rats of similar body weight served as controls. 

For non-cardiogenic PH, Sprague-Dawley rats (320±4 g bw) received a single intraperitoneal 

injection of 60 mg/kg monocrotaline (MCT; Sigma Aldrich, Taufkirchen, Germany). In Ws/Ws 

and BN/fMai rats, the MCT dose was reduced to 40 mg/kg due to a high initial mortality in 

Ws/Ws rats receiving 60 mg/kg MCT. The reason for this mortality is unclear, but did not seem 

related to pulmonary hypertension, as autopsy did not reveal signs of right ventricular failure. The 

mast cell stabilizer ketotifen fumarate (Sigma Aldrich) was given at a dose of 1 mg/kg bw/day 

with the drinking water from day 1 after aortic banding or MCT injection, respectively. 

Cardiopulmonary characterization: Nine weeks after aortic banding or sham operation, 

respectively, and three weeks after MCT injection, animals were sacrificed, Fulton’s index was 

calculated as ratio of right ventricular weight over left ventricle plus septal weight (RV/[LV+S]), 

and lung wet-to-dry weight ratio was determined. For hemodynamic assessment, rats were 

anesthetized and ventilated as described [2,3]. Arterial pressure, central venous pressure, 

pulmonary arterial pressure, and left atrial pressure, as well as aortic flow were continuously 

recorded via catheters implanted into the aorta, vena cava, pulmonary artery and left atrium and 

an ultrasonic flowprobe (Transonic®, Transonic Systems Inc., Ithaca, UY) positioned around the 

ascending aorta. 

Echocardiography: For echocardiographic analyses in spontaneously breathing rats, animals 

were anesthetized as described [2] and placed in left lateral position. Transthoracic 2-dimensional 

(2D) and M-mode imaging was performed with a 10-MHz transducer using VIVID 7 (General 

Electric, Fairfield, CT). Right and left ventricular end-diastolic areas were visualized and 
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measured in parasternal midpapillary short axis. In a subset of experiments, the base-to-apex 

movement during systole, measured as the tricuspid annular plane systolic excursion (TAPSE), 

was recorded for evaluation of RV systolic longitudinal function. 

Microarray analyses: Lungs from banded and control rats were excised and total RNA was 

extracted (Stratagene Absolutely RNA Miniprep Kit; Stratagene, La Jolla, USA). Three µg total 

RNA from three control and three banded rats each were processed according to the One-Cycle 

Target Labeling protocol (GeneChip Expression Analysis, Affymetrix, Santa Clara, USA). Before 

and after amplifications the total RNA/complementary RNA concentrations were checked with 

Nanodrop ND-1000 (Thermo Scientific, Wilmington, USA) and quality was controlled (Experion 

electrophoresis station, BioRad; Hercules, USA). Samples were hybridized to GeneChip® Rat 

Genome 230 2.0 arrays (Affymetrix; Santa Clara, USA) containing 31,000 probe sets covering 

28,000 rat genes. 

Bioinformatic analyses: Data were analyzed using the Bioconductor collection for R (version 

2.5.0) [4] and pre-processed and log-transformed by GC-RMA [5]. Genes were defined as 

differentially expressed if expression levels between control and banded rats varied with a log2-

ratio of less than -2 (down-regulation) or greater than 2 (up-regulation), and p<0.05 (two-tailed 

Student's t-test). Genes defined as differentially expressed were visualized by heat-maps color-

coded for log-ratio values calculated between a single gene expression level and the mean 

expression level of the corresponding array. Differentially expressed genes were analysed for 

enrichments of Gene Ontology (GO) classes. Significance of enrichment was tested with one-

sided Fisher's exact test and enriched GO classes were visualised using dendrograms from 

hierarchical clustering. 

Real-time RT-PCR: Primers (summarized in Supplementary Table 1) were designed using Primer 

3 programme (http://frodo.wi.mit.edu/) and produced by Eurofins MWG Operon (Ebersberg, 

Germany). cDNA was produced using 2µg RNAM-MLV reverse transcriptase (Promega, WI, 

USA) and dNTP (Promega, WI, USA) in a total volume of 25µl for 1h at 42°C. PCR was 

performed using a Rotor Gene 2000 cycler (LTF, Wasserburg, Germany) at 94°C for 900 s, 

followed by 45 cycles of 94°C for 30 s, 56°C for 30 s, and 72°C for 60s. Amplification reactions 

were performed with Master mix SYBR-Green (QuantiTect SYBR Green PCR Kit, Qiagen) and 

values were normalized to corresponding GAPDH values. 

 
 

2



Western blot analyses: Aliquots of frozen rat lungs were homogenized in phosphate buffered 

saline (PBS) containing protease inhibitor mixture (Complete Mini; Roche Diagnostics GmbH, 

Mannheim, Germany), 1 mmol/L phenylmethansulfonyl fluoride, and 1% Triton-100. Total 

protein concentration was determined by Bradford Protein Assay (Bio-Rad, Munich, Germany). 

Sample proteins (50 µg/slot) and a pre-stained protein-weight marker (Bio-Rad) were size-

fractionated by SDS polyacrylamide gel electrophoresis and transferred to a nitrocellulose 

membrane (Protran; Schleicher & Schuell, Dassel, Germany). Since traditional housekeeping 

genes such as β-actin or GAPDH are markedly up- or downregulated, respectively, in the aortic 

banding model [6] we utilized α-tubulin as loading control. Membranes were blocked, washed, 

and incubated with matching primary antibodies for mast cell chymase (Abcam; Cambridge, UK) 

or mast cell peptidase 2 (Santa Cruz Biotechnology; Heidelberg, Germany) and appropriate 

secondary antibodies (all Santa Cruz Biotechnology). Protein bands were visualized by enhanced 

chemiluminescence (ECL; Perkin Elmer GmbH, Freiburg, Germany), and intensity of protein 

bands was quantified with Image J (NIH, Bethesda, MD). 

Histochemistry and analysis of vascular remodeling. Lungs were fixed by intratracheal 

instillation of 4% paraformaldehyde (PFA) for 30 min, tissue sections of 1 cm3 were excised and 

fixed for another 16 h. Dehydrated tissues were paraffin-embedded, and 5 µm sections were cut 

and mounted on slides coated with 10% poly-L-lysin (Sigma Aldrich). Lung sections were 

stained with hematoxylin and eosin. Blinded analysis of vascular remodeling was performed by 

use of a computerized morphometric system (QWin; Leica) as described [7]. In each group, 800 

to 1000 pulmonary arterioles were analyzed and vessels were categorized according to their 

external diameters as small (20-50 µm in diameter), medium sized (50-100 µm in diameter) and 

larger (>100 µm in diameter) arterioles. Vessels were categorized as muscularized (i.e., with a 

complete medial coat of muscle), partially muscularized (i.e., with only a crescent of muscle), or 

non-muscularized (i.e., no apparent muscle). Medial wall thickness was determined as percentage 

of external vessel diameter. In small pulmonary arterioles, lumen area, defined as the area within 

the lamina elastica interna, was measured. In ketotifen-treated MCT rats, the number of analyzed 

arteries was limited to 100-200 and medial wall thickness is given for all analyzed vessels 

without further subcategorization. 

Mast cell accumulation and degranulation. For mast cell staining, paraffin-embedded lung tissue 

sections were dewaxed, rehydrated and incubated with 0.05% w/v toluidine blue for 3 minutes. 
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Mast cell density was quantified by counting the number of toluidine blue-positive mast cells 

throughout the section and expressed as cells per section area. Perivascular mast cells were 

counted for different vessel calibers (20-50 µm, 50-150 µm, and >150 μm in diameter), and are 

expressed as cells per vessel. Each mast cell was categorized as granulated or degranulated based 

on the extrusion of secretory granules, and an index of granulation (IOG) was calculated as ratio 

of granulated over degranulated mast cells. For each set of experiments, the IOG was expressed 

as percentage of control, which was set as 100%. 

Statistical analysis: Data are given as means±SEMs. Different groups were compared by 

Kruskal-Wallis and Mann-Whitney U-test (SigmaStat 3.10; Systat Software Inc., Erkrath, 

Germany). Statistical significance was assumed at p< 0.05. 
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Supplementary Table 1: 

 
gene   accession #* [bp]† F/R‡ sequence (5’ → 3’) 

245 Fouter 
Router

CCTCTGACACACTGCAGGAA 
CCAGGGTCTGTAATGGGAGA mast cell 

chymase 1 NM_013092 
119 Finner

Rinner

TCCTGCAAACACTTCACCAG 
GCTATCCCAGCACACAGGAG 

282 Fouter 
Router

CGAGAATCCACACAGCAGAA 
GTCCACACAGGCCTTTTCAT mast cell 

peptidase 2 NM_172044 
118 Finner

Rinner

CAACTCCGTTCCCAATCTTC 
CCCAGGGTGGATAAAGTCAG 

 
Primer sequences for real-time RT-PCR of mast cell chymase 1 and mast cell peptidase 2. 

*Accession number of the NCBI database; †product length in base pairs (bp); ‡forward and 

reverse primer. 
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Supplementary Table 2: 

 control aortic banding 

 untreated ketotifen untreated ketotifen 

AP (mmHg) 92.4±1.2  92.9±2.2 89.8±1.7 88.7 ±2.1 

aortic flow (mL/min) 53.9±3.8 55.3±4.7 49.6±2.5 53.6±3.2 

SVR (dyn·s·cm-5) 136.4±5.40 138.3±6.50 141.2±4.80 139.8±5.20 

LAP (mmHg) 01.5±0.2 01.8±0.3 004.2±0.2* 004.3±0.3* 

 
Systemic hemodynamic characteristics of control and banded rats with and without ketotifen 

treatment. AP, arterial pressure; SVR, systemic vascular resistance; LAP, left atrial pressure. Data 

from n=5 each; *p<0.05 vs. respective control rats. 
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Supplementary Table 3: 

 BN/fMai  Ws/Ws 

hematocrit (%) 43.7±2.1 42.5 ±1.1 

 
Hematocrit values in banded wild type BN/fMai and Ws/Ws rats. Data from n=5 each. 
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Supplementary Figure 1: 

20 µm

BN/fMai Ws/Ws

20 µm

BN/fMai Ws/Ws

 

Representative images of lung sections from banded BN/fMai wild type (left) and Ws/Ws (right) 

rats immunostained for the stem cell factor receptor c-kit. Note the accumulation of c-kit positive 

cells in the vicinity of a remodeled blood vessel in the wild type, and the absence of positive cells 

in the c-kit deficient Ws/Ws rat. Replicated in n=3 each. 
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