Methods

Generation of mice with cardiomyocyte-restricted deletion of cGKI (CM cGKI KO mice)

Cell-selective deletion of cGKI was achieved by the Cre/loxP recombination system. We previously reported the generation and characterization of homozygous floxed cGKI mice  and demonstrated that expression and function of the floxed cGKI gene is not different from wild type (11). However, Cre-recombinase mediated deletion of the floxed cGKI gene is sufficient to inactivate cGKI function completely (11). To achieve a CM-restricted deletion of cGKI, floxed cGKI mice were mated to transgenic mice expressing Cre recombinase under the control of the cardiac MHC promoter (MHC-Cretg mice) (12). The efficiency and specificity of the MHC-driven, Cre-mediated deletion of floxed genes has been demonstrated by many other studies (5). The efficient deletion of cGKI in adult CM of resulting "MHC-Cretg, flox/flox cGKI" mice (CM cGKI KO mice) was demonstrated by Western blot analysis (Fig. 1A). cGKI deletion in all study animals was restricted to cardiac myocytes, and not detected in lung, brain, kidney or other tissues (Fig. 1B). CM cGKI KO mice and corresponding "flox/flox cGKI" littermates (as controls) on a mixed C57Bl6/129Sv background were studied. All mouse experiments included in this manuscript were approved by the local animal care committee and conform with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996). 

Chronic treatment of mice with ISO or Ang II

Control and CM cGKI KO littermates were infused subcutaneously with vehicle, isoproterenol (ISO, Sigma, 40 mg//kg BW/day, 7 days) or Angiotensin II (Ang II, Calbiochem, 1000 ng/kg BW/min, 2 weeks) via osmotic minipumps (model 2002; Alzet, Colorado City, CO) (13) (n = 8 and 16 male mice per group, respectively). Arterial blood pressure was measured in conscious mice of the three treatment groups by tail cuff (Softron, Tokyo, Japan) (5,13). Echocardiography was performed in anesthetized mice before and after treatments. Mice were then sacrificed under anaesthesia, the hearts were weighed and the left ventricles were dissected and frozen in liquid nitrogen (for protein or mRNA extraction) and fixed in 4 % buffered formaldehyde (for histology and immunohistochemistry). In a separate series of experiments, left ventricular myocytes were isolated for western blotting and/or functional analyses (calcium, edge-detection).

Transverse aortic constriction

Male mice, 8-9 weeks old, with a body weight of 24-25 g, underwent transverse aortic constriction (n = 10 per group) (5). Mice were anesthetized using isoflurane and the transversal aorta was prepared after jugular incision. A 27-gauge needle was tied against the aorta using a 5-0 non-absorbable suture. After removal of the 27-gauge needle, skin was closed, and the mice were kept on a warming plate until recovery from anesthesia. Sham animals underwent the same procedure except banding of the transversal aorta. Echocardiography was performed in isoflurane-anesthetized mice after 3 weeks of TAC or sham operation. Mice were then sacrificed under anaesthesia, the hearts were weighed and the left ventricles were dissected and frozen in liquid nitrogen (for protein or mRNA extraction) and fixed in 4 % buffered formaldehyde (for histology).
Echocardiography
Serial transthoracic echocardiography (Aplio, Toshiba, Netherlands) was performed under light isoflurane anaesthesia and spontaneous respiration. From two-dimensional short axis imaging, endocardial borders were traced at end-systole and end-diastole utilizing a prototype off-line analysis system (NICE, Toshiba Medical Systems, The Netherlands). Measurements were performed at the mid-papillary muscle level. The end-systolic (smallest) and end-diastolic (largest) cavity areas were determined. Using the end-systolic (ESA) and –diastolic areas (EDA), fractional area changes were calculated ((EDA-ESA)/EDA).

Invasive hemodynamics

Terminal measurements of left ventricular pressure (LVP) were performed at 1 wk of ISO or 2 wk of Ang II administration. Left ventricular catheterization was performed in isoflurane-anesthetized mice with a 1.4F micromanometer-tipped catheter (Millar Instruments). After 30 min of stabilization, 30 sec of data were collected, including the heart rate, systolic and diastolic LVP and the first derivatives of LVP, ±dP/dt.

Histology and Immunohistochemistry
For histological analysis formaldehyde-fixed left ventricles (8 per study group) were embedded in paraffin, and 5-µm sections were stained with hematoxylin eosin, periodic acid Schiff (PAS, to discriminate cardiomyocyte cell borders), or 0.1 % picrosirius red (for collagen). The mean cross-sectional CM diameters were calculated by measuring 100 cells with a centrally located nucleus per specimen (5,13). Photomicrographs were evaluated using a computer-assisted image analysis system (Olympus, Germany), with the investigator blinded to the genotypes. Interstitial collagen fractions were obtained by calculating the ratio, in percent, between the collagen area and the total ventricular area in the corresponding section (10 sections per specimen) (5,13). 

Additionally, 3 m sections were used for immunohistochemical staining of CTGF. After deparaffinization the specific antibody to CTGF (Abcam ab6992; 1:200) was applied overnight at 4°C. Antibody binding was detected by the SignalStain® Boost IHC Detection Reagent (Cell Signaling #8114) for 30 min at room temperature. Negative controls were performed by using the appropriate immunoglobulin or by avoiding the primary antibody.  
Quantification of apoptosis
Apoptosis was quantified in the myocardium by performing TUNEL staining and using the CaspaTagTM in situ caspase detection kit on snap frozen material. Frozen heart sections were not treated with Proteinase K. By using the ApopTaq( Plus Kit (Oncor) we proceeded the staining according to the instruction manual. TUNEL-positive nuclei were visualized by FITC-labeled anti-digoxigenin antibody (1:500; Roche) and counterstained with 4,6-diamidino-2-phenylindole (DAPI). The in situ caspase detection kit uses fluorochrome inhibitor of caspase which covalently binds to active caspase-3 and 7. We used the Chemicon®’s CaspaTagTM in situ caspase detection kit (Chemicon, Cat.No. APT423) and performed the procedure according to the manual. The percentage of TUNEL and CaspaTagTM positive cells was calculated by counting FITC-positive signals and DAPI-positive nuclei separately using an image analysis system (KS 300, Zeiss). The whole tissue area was evaluated analyzing on average 50 high power fields (range 21 to 64 HPF) containing on average 26238 cells (range 10717 to 36553 cells ). 

Western-blot analyses
Cardiomyocyte and whole-tissue proteins were solubilized in SDS - sample buffer and separated by 10% PAGE. The primary antibodys were against cGKI, SERCA2a, Troponin I, Ser23/24-phosphorylated Troponin I, ERK, pERK, AKT, pAKT (all Cell Signaling), Serin16-phosphorylated as well as total phospholamban (PLB) (Badrilla, Leeds, UK). GAPDH was used for loading controls. The blots were developed using the ECL detection system (Amersham-Pharmacia, Freiburg, Germany) and results were quantitated by densitometry (ImageQuant) (5,13). 
RNA preparation and quantitative real-time PCR analysis
RNA was extracted from 8 frozen LV samples per group using a Qiagen tissue RNA kit. cDNA was synthesized from 100 ng of total RNA with Superscript (Invitrogen). Quantitative real-time PCR was performed (iCycler, Biorad) with commercially available TaqMan probes for ANP, - and -MHC and CTGF. Target gene mRNA levels were expressed relative to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as an endogenous control.

Isolation of cardiomyocytes for Western blot analysis and for measurement of single cell Ca2+i-transients and contractility
Ventricular myocytes from untreated or Ang II-treated control and CM cGKI KO mice  were isolated by liberase/trypsin digestion (for Procedure see protocol PP00000125 from The Alliance for Cellular Signaling (AfCS)) and Cai2+ transients were measured in INDO-1 loaded, electrically paced (0.5 Hz) cardiomyocytes at 27°C as previously described (13,15,17). Although lower temperature can depress adrenergic modulation, we and others have shown marked concordance of adrenergic or cGMP-dependent modulation under various conditions between such in vitro conditions and ex vivo/in vivo hearts (13,15,17,21). Excitation was at 365 nm, and the emitted fluorescence was recorded at 405 and 495 nm. The ratio of fluorescence at the two wavelengths was used as an index of the cytosolic Ca2+ concentration. Data were collected at 20 Hz, and acquisition and processing were supported by Felix software (Felix version 1.1, Photon Technologies, Seefeld, Germany). Simultaneously, myocyte maximal lengths and shortening were visualized on a monitor (M1210, National Electronics, Gardner Court Burnby, Canada), connected to a video edge-detector (VED 105, Rescent Electronics, South East Sandy, Utah, USA) interfaced to a video camera (CCD B/W Camera NL 2332, National Electronics). The video camera was attached to an inverted microscope (IX71, Olympus, Tokyo, Japan). After obtaining basal recordings for 15 minutes, the acute effects of ISO (10 nM), ANP (100 nM) or CNP (10 nM – 1 M) were tested by superfusion of cardiomyocytes for additional 10 minutes. 
Chemicals
Human CNP (same sequence as mouse) and Ang II were obtained from Calbiochem-Novabiochem (Bad Soden, Germany), mouse ANP was from Bachem; 8-Br cGMP from Biolog (Bremen, Germany) and isoproterenol was from Sigma-Aldrich Chemie GmbH (Deisenhofen, Germany). Indo-1/AM was supplied by Molecular Probes (Leiden, The Netherlands).
Statistics
Results are presented as means ( S.E.M. Group data were compared using 2-way ANOVA (with genotype and treatment as categories) followed by the multiple comparison Bonferroni test to evaluate differences between groups. Comparisons between 2 groups were made using nonpaired 2-tailed Student’s t test. The paired Student´s t test was applied to evaluate the acute effects of ISO, ANP and CNP on [Ca2+]i and cell-shortening. Statistical analyses were carried out using the StatView statistics program (version 5.01, Abacus Concepts, Inc., Berkley, CA, USA). The significance level was set at P < 0.05. 
Legends to supplemental Tables 1-3 and Figure 1
Suppl. Table 1. Baseline cardiovascular characterization of male CM cGKI KO mice and CTR littermates. Systolic (SBP) and diastolic (DBP) blood pressure (by tail cuff plethysmography), body weight (BW, gr), heart weight (HW, mg) and HW/BW (mg/g), hematocrite, heart rate, % fractional shortening (determined by echocardiography), LV ejection fraction (EF, %) and rates of LV pressure rise and pressure decline (± dP/dt, determined by invasive hemodynamic studies). n = 30 mice per genotype.

Suppl. Table 2. Left ventricular mRNA levels of - and -MHC. mRNA levels were determined by real-time RT PCR and normalized to GAPDH. Expression levels (in arbitrary units) were calculated as x-fold respective vehicle-treated (A, Ang II study) or sham-operated (B, TAC study) CTR mice. (n = 8 mice per genotype and treatment). *P<0.05 vs vehicle/sham, #P<0.05 vs CTR.
Suppl. Table 3. Effect of CNP on Ca2+ transients and contractile parameters of adult isolated cardiomyocytes from CM cGKI KO and respective control mice. Indo-1 signals were determined in isolated ventricular cardiomyocytes from CTR and CM cGKI KO mice. The contractile measurements were performed by edge detection. Isolated myocytes were paced at 0.5 Hz. Lmax indicates the maximal myocyte length, and Lmin the minimal myocyte length. The maximal magnitude of contraction was normalized to Lmax and expressed as percentage of shortening. (n = 6 cells from each of 4 mice per genotype). *P<0.05 vs baseline, #P<0.05 vs CTR.
Suppl. Figure 1. Left ventricular phosphorylation of ERK and Akt. Western blot analyses of ERK1/2 and Akt phosphorylation in mouse left ventricle following Ang II treatment (A) or transverse aortic constriction (TAC, in B). Left, Representative Western blots. Right, Protein levels of P-ERK and P-Akt were normalized to total ERK and total Akt. Ratios were calculated as x-fold respective CTR (n = 8 per group; *P < 0.05 vs vehicle/sham; #P < 0.05 vs CTR).
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