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Methods 
 
Mice 
Gene-targeted mice lacking functional serum- & glucocorticoid-inducible kinase 1 (sgk1-/-) 
and corresponding wild type animals (sgk1+/+) were generated and bred as described 
previously (1). Moreover, the mice were crossed with mice lacking ApoE (apoe-/-) to yield 
mice lacking ApoE (apoe-/-sgk1+/+) or both, ApoE and SGK1 (apoe-/-sgk1-/-). The mice were 
backcrossed into C57BL/6 background for 9 generations. Sgk1-/- mice under the apoe-/- 
background (apoe-/-sgk1-/-) have no apparent abnormality compared to apoe-/-sgk1+/+ mice. 
Animals were genotyped by polymerase chain reaction (PCR). All animal experiments were 
conducted according to German law for the welfare of animals and were approved by local 
authorities. 
 
Induction of neoinitma formation 
The carotid artery was injured by the guide wire injury technique, as described previously (2, 
3). The mice were anesthetized by intraperitoneal injection of medetomidine (0,5 mg/kg), 
midazolame (5mg/kg) and fentanyl (0,05 mg/kg). The right carotid artery was exposed 
through a midline incision on the ventral side of the neck and the bifurcation of the right 
carotid artery was located. Right common carotid artery (CCA), external carotid artery (ECA), 
and internal carotid artery (ICA) were isolated. Distal right ECA was then ligated with a 7-0 
silk suture. Following clamping of the right proximal CCA and ICA with a suture, an 
arteriotomy was made on the ECA proximal to the silk suture. An angioplasty guide wire 
(0,014 inch) was inserted into the common carotid artery via the incision hole, and under 
rotation the wire was passed along the vessel several times and was injured. The wire was 
then removed and proximal ECA was ligated with a 7-0 silk suture proximal to the 
arteriotomy. Next, the suture was released to re-establish the blood flow in CCA and ICA. 
Finally, the skin was closed with a 6-0 Prolene® suture. Animals were sacrificed at 4 weeks 
after surgery. The carotids (5-6 mm in length proximal to bifurcation) were used for 
histological analysis. 
 
Histological and immunohistological analyses 
For histological and immunohistological analyses, the carotids were embedded in paraffin 
and 5-μm cross sections were prepared. The sections were stained with H&E and van 
Gieson and used for immunostaining. Images were obtained and the neointima area as well 
as the media area were analyzed by counting the number of stained cells (nuclei) using NIS 
Elements (Nikon Imaging Software, version 2.10), a camera (Digital Sight DS-U1, Nikon) 
connected to a microscope (Optiphot-2, Nikon). Paraffin fixed sections were incubated with 
primary antibody for 1 hour. The primary antibodies used were α-SMA (1:500; abcam), Mac-
3 (clone M3/84; 1:500 dilution; BD). α-SMA immunohistochemistry was determined to identify 
the grade of neointima formation and smooth- muscle- cell (SMC) migraton, the Macrophage 



surface protein Mac-3 as an indicator of  the macrophage invasion. Species- and isotype-
matched IgG were used as a negative control in place of the primary antibody. Stained 
sections were photographed using a Nikon Optiphot-2 microscope with a Nikon Digital Sight 
DS-U1 digital camera. The percentage positive areas in the plaques were measured with NIS 
Elements (Nikon Imaging Software, version 2.10). 
 
Isolation of murine vascular smooth muscle cells (VSMC) 
Primary mouse aortic smooth muscle cells were isolated from sgk1-/- or corresponding wild-
type mice. VSMCs were obtained from pooled aortic tissue similarly as previously described 
(4). VSMC were grown to confluence in DMEM/F12 medium (Invitrogen) supplemented with 
10% FBS (Invitrogen), 100U/ml penicillin, 100µg/ml streptomycin and 0.025µg/ml fungizone 
(Invitrogen) and used from passages 3 to 6. 
 
Culture and transfection of primary cultured murine VSMC 
Murine VSMC were cultured as described before (4) in a humidified atmosphere at 37°C and 
5% CO2. Cells (0.5x106) were seeded in 6-well plates. The cells were transfected for 48 
hours with the constitutively active SGK1 mutant S422DSGK1 (SGK1SD in pCDNA3.1), which 
does not require activation by phosphoinositide-dependent kinase PDK1, or the inactive 
mutant K127NSGK1 (SGK1KN in pCDNA3.1), which lacks catalytic activity (5). Transfections 
were performed with Lipofectamine 3000 (Invitrogen) to the manufacturer’s instructions. 
Successful transfection was confirmed by RT-PCR. 
 
Murine VSMC transwell migration assay 
Murine VSMC were serum starved for 72h before starting the migration assay. VSMC (5x104) 
were suspended in 200µl DMEM/F12 medium without serum and added to porous tissue 
culture inserts (8 μm transwells; Costar). The inserts were placed in a 24-well plate 
containing 750 μl DMEM/F12 with 20% FBS, supplemented with or without mouse 
recombinant Platelet-derived-growth-factor-BB (PDGF-BB; 50 ng/ml; Gibco). After 4 hours, 
cells on the reverse side of the membrane were fixed in 4% paraformaldehyde (PFA; Sigma 
Aldrich) and stained with the primary antibody α-SMA (1:1000 in 5% BSA in PBS; Abcam) for 
2 hours. After 3 times of washing, the membranes were stained with the Alexa Flour 568-
conjugated secondary antibody (1:1500 in 5% BSA in PBS; Invitrogen) and DRAQ 5 dye 
(1:5000 in 5% BSA in PBS; Biostatus) for 1 hour. The membranes were mounted with 
ProLong Gold antifade reagent (Invitrogen) after 3 times of washing. The cells were counted 
by confocal microscopy using a Zeiss LSM5 EXCITER Confocal Laser Scanning Microscope 
(Carl Zeiss Micro Imaging) with an A-Plan 40x ocular. 
 
MMP-2 ELISA 
MMP-2 levels were determined in the supernatant of unstimulated as well as stimulated 
sgk1+/+ and sgk1-/- VSMC  by using mouse enzyme-linked immunosorbent assay (ELISA) kit 
(R&D) according to the manufacturer’s instructions. For stimulation VSMC were treated with 
PDGF (50ng/ml) overnight in the incubator. 
 
Zymography 
Murine VSMC (2.0x105 in 200 μl medium) were cultured with or without stimulation (PDGF 
50ng/ml) in 96-well tissue culture plates overnight. After incubation, cells were centrifuged 
and the supernatants were collected for determination of matrix metalloproteinase 9 (92 kDa) 
activity by gelatin zymography. A volume of 20 μl of cell supernatant was mixed with 5x 
loading buffer. The samples were loaded onto a Novex 10% Zymogram gel (Invitrogen) and 



run at 75V for 4 hours. After the separation by electrophoresis, the gel was incubated in 100 
ml of Novex Zymogram Renaturing Buffer for 30 minutes with slow movements at room 
temperature. The same procedure was done with 100 ml of Novex Zymogram Developing 
Buffer. Following a washing step with Novex Zymogram Developing Buffer, the gel was 
incubated with the Novex Zymogram Developing Buffer at 37°C overnight. Finally the gel 
was stained with Coomassie blue and dried. 
 
Immunofluorescence staining and confocal microscopy 
5-μm cross sections of carotids were stained with the primary antibody for 2 h. The primary 
antibodies used were p50 (1:100 dilution, Santa Cruz Biotechnology), α-SMA (1:200 dilution; 
abcam) and Orai 1 (1:200 dilution, abcam). After three times of washing, the sections were 
stained with the matching secondary antibodies, AlexaFluor 568 conjugated secondary 
antibody (1:1500 in 5% BSA in PBS; Invitrogen), AlexaFluor 488 conjugated secondary 
antibody (1:1500 in 5% BSA in PBS; Invitrogen) and TOPRO3 (1:5000 in 5% BSA in PBS; 
Invitrogen) for 1 hour. The sections were mounted with ProLong Gold antifade reagent 
(Invitrogen) after 3 times of washing and were analyzed by confocal microscopy using a 
Zeiss LSM5 EXCITER Confocal Laser Scanning Microscope (Carl Zeiss Micro Imaging) with 
a A-Plan 40x ocular. 
 
RT-PCR 
Total RNA was isolated from VSMC by using Trifast Reagent (Peqlab) according to the 
manufacturer’s instructions. Reverse transcription of 2µg RNA was performed using oligo(dT) 
primers (Thermo Fisher Scientific) and SuperScriptIII Reverse Transcriptase (Thermo Fisher 
Scientific). Quantitative RT-PCR was performed with the iCycler iQTM Real-Time PCR 
Detection System (Bio-Rad Laboratories) and iQTM Sybr Green Supermix (Bio-Rad 
Laboratories) according to the manufacturer’s instructions. The following mouse primers 
were used (5’→3’ orientation): Gapdh fw: AGGTCGGTGTGAACGGATTTG; Gapdh rev: 
TGTAGACCATGTAGTTGAGGTCA; Orai1 fw: CTCAACTCGGTCAAAGAGTCAC; Orai1 rev: 
CACGACCTCTGCTAGGAAAAG; SGK1 fw: GGCTATCTGCACTCCCTAAACA; SGK1 rev: 
CCAAAGTCAGTGAGGACGATGT. The specificity of the PCR products was confirmed by 
analysis of the melting curves. All PCRs were performed in duplicate and relative mRNA fold 
changes were calculated by the 2-ΔΔCt method using Gapdh as internal reference. 
 
Statistical analysis 
Media area in injured carotids of apoe-/-sgk1+/+ and apoe-/-sgk1-/- mice are provided as means 
± SEM, n represents the number of experiments. All data were tested for significance using 
Student t-test or parametric ANOVA Tukey test. Results with *p<0.05 or **p<0.01 were 
considered statistically significant. 



Suppl. Figures and Results 
 
Supplemental Figure 1 
 

Supplemental figure 1: Arithmetic means ± SEM (n=40) of the media 
area [x103/µm] in carotids 28 days after injury of common carotid 
arteries in apoe-/-sgk1+/+ (black bar) or apoe-/-sgk1-/- (grey bar) mice.  
 
 
 
 
 
 
 
 
 

 
 
Supplemental Figure 2 

 
 
Supplemental figure 2: Arithmetic means ± SEM (n=6) and representative immunofluorescence 
stainings of migrated sgk1+/+and sgk1-/- aortic VSMC or sgk1-/-  VSMC transfected with 
constructs encoding constitutively active S422DSGK1 or inactive K127NSGK1 after transmigration 
through porous membranes (8 µm) of a transwell chamber towards PDGF (50 ng/ml). Migrated 
murine VSMC at the bottom of removed transwell membranes were stained with the VSMC 
marker α-SMA (red) and Topro-3 for detecting the nuclei (blue). 



Supplemental Figure 3 
 

 
Supplemental figure 3: Representative immuno-
fluorescence staining (n=4) of Orai1 expression in 
VSMC of uninjured arteries of sgk1+/+ or sgk1-/- mice 
(red - α-SMA; green – Orai1; blue – nuclei). 
 
 
 
 
 
 
 
 

 
 
 
Supplemental Figure 4 
 

 

 
 
 
 
 

 
Supplemental figure 4: Left: Arithmetic means ± SEM (n=6) of total MMP-2 content of sgk1+/+ 
and sgk1-/- aortic VSMC with or without stimulation (PDGF 50ng/ml) measured by ELISA (R&D). 
Right: Representative gelatin zymography (n=6) illustrating MMP-9 production in aortic VSMC of 
sgk1+/+ and sgk1-/- mice. 
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