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Supplemental Material and Methods 

Animals 

All animals were treated in accordance with the Guide for the Care and Use of 

Laboratory Animals as adopted by the U.S. National Institutes of Health and approval 

was granted by the Ethics Committee of the University Hospital Mainz and the 

Landesuntersuchungsamt Rheinland-Pfalz (Koblenz, Germany; permit number: 23 

177-07/G 12-1-021 E3 and 23 177-07/G 15-1-094). After the indicated duration of 

noise exposure (see below), animals were killed under isoflurane anesthesia by 

transection of the diaphragm and removal of the heart and thoracic aorta. Glucose 

levels were assessed in whole blood using the ACCU-CHEK Sensor system from 

Roche Diagnostics GmbH (Mannheim, Germany). 

 

Isometric tension studies 

Perivascular fat was removed from every aorta, which were then cut into 4-mm 

segments. Rings were mounted on force transducers in organ bad chambers, pre-

constricted with prostaglandin F2α (yielding approximately 80 % of the maximal tone 

induced by KCl bolus) and concentration-relaxation curves in response to increasing 

concentrations of acetylcholine (ACh) and nitroglycerin (GTN) were performed as 

described 1, 2. Sensitivity to vasoconstrictors norepinephrine and endothelin-1 was 

tested by exposure of aortic ring segments to cumulative concentrations of the 

vasoconstrictors as described 19, 20. 

 

Detection of serum cholesterol, triglyceride, HDL and glucose 

Serum cholesterol, triglyceride, high-density lipoprotein (HDL) and glucose 

levels were analyzed in the Department of Clinical Chemistry, University Hospital 

Mainz, Germany, using the daily routine facilities for in-patient care.  

 

ELISA for catecholamines and angiotensin-II 

Circulating catecholamines (dopamine, adrenalin, noradrenalin) were 

determined in mouse serum using a commercial enzyme-linked immunosorbent 

assay (ELISA) kit (TriCat, IBL, Hamburg, Germany) following the instructions of the 

vendor 3. Serum angiotensin-II levels were measured using a commercial enzyme-

linked immunosorbent assay (ELISA) kit (RAB0010, SIGMA Aldrich) following the 

instructions of the vendor. Cortisol urine and kidney levels were determined by 
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commercial ELISA (in urine: # RE52241; in kidney: # RE52061, IBL International 

GmbH, Hamburg, Germany). 

 

Histological and immunohistochemical staining of aortic rings 

Paraffin-embedded aortic samples were stained with primary antibodies 

against 3-nitrotyrosine (3NT) (1:200, Merck-Millipore, Darmstadt, Germany) 4. ET-1 

staining was performed using specific antibodies (Pierce #MA3-005: 1:200; Abcam 

#117757: 1:450). 4-hydroxynonenal (4HNE) staining was conducted using a specific 

antibody (mouse monoclonal, 1:100 dilution, Percipio Biosciences #24325). 

Depending upon the species of primary antibodies, appropriate biotinylated (anti-

mouse: Vector Lab., Burlingame, CA; anti-rabbit: Thermo Fisher Scientific, Waltham, 

MA) secondary antibodies were used at dilutions according to the manufacturer’s 

instructions. For immunochemical detection ABC reagent (Vector) and then DAB 

reagent (peroxidase substrate Kit, Vector) were used as substrates. Quantification 

was performed using Image ProPlus 7.0 software (Media Cybernetics, Rockville, 

MD). 

 

Detection of oxidative stress and inflammation in plasma, cardiac tissue and 

aorta  

Vascular ROS formation was determined using dihydroethidium (DHE, 1 µM)-

dependent fluorescence microtopography in aortic cryo-sections as described 5, 6. To 

investigate the involvement of eNOS uncoupling in ROS production and endothelial 

dysfunction, aortic rings were preincubated with the NOS inhibitor L-NAME (0.5 mM) 
5-7. ROS-derived red fluorescence was detected using a Zeiss Axiovert 40 CFL 

microscope, Zeiss lenses and Axiocam MRm camera. Superoxide formation in heart 

membrane fractions was measured by lucigenin (5 µM) ECL in the presence of 

NADPH (200 µM) as previously described 6. Protein tyrosine nitration was detected 

using a specific antibody for 3-nitrotyrosine (3NT, 1:1,000, Upstate Biotechnology, 

MA, USA) and lipid peroxidation using a specific antibody for malondialdehyde 

(MDA)-positive proteins (1:1,000, Calbiochem, Darmstadt, Germany) in EDTA 

plasma. Inflammation was detected using a specific antibody for interleukin-6 (anti IL-

6 rabbit antibody, abcam, ab6672) in EDTA plasma. Briefly, 100 µl (0.5 µg/µl protein 

based on Bradford analysis) of the EDTA plasma were transferred to a Protran BA85 

(0.45 µm) nitrocellulose membrane (Schleicher&Schuell, Dassel, Germany) by a 
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Minifold I vacuum Dot-Blot system (Schleicher&Schuell, Dassel, Germany). Each slot 

was washed twice with 200 µl PBS before and after protein transfer. The membrane 

was dried for 60 min at 60 °C. With a similar procedure 3-nitrotyrosine-positive 

proteins were measured in cardiac tissue homogenates (30 µg cardiac protein based 

on Bradford assay per well). Positive bands were detected by enhanced 

chemiluminescence after incubation with a peroxidase-coupled secondary antibody 

(GAM-POX and GAR-POX, 1:10,000) (Vector Laboratories, CA, USA). All incubation 

and washing steps were performed according to the manufacturer’s instructions. 

Densitometric quantification of the dots was performed using the Super Signal ECL 

kit from Thermo Scientific. 

 

S-glutathionylation of endothelial nitric oxide synthase by immunoprecipitation 

Immunoprecipitation of eNOS and subsequent immunoblotting of the 

precipitate for S-glutathionylation was performed according to a standard protocol as 

recently published 8. M-280 sheep anti-mouse IgG coated beads from Invitrogen 

(Darmstadt, Germany) were used along with a monoclonal mouse eNOS 

(Biosciences, USA) antibody. The beads were loaded with the eNOS antibody and 

cross-linked according to the manufacturer’s instructions. Next, cardiac and aortic 

homogenates were incubated with the eNOS antibody beads, precipitated with a 

magnet, washed and transferred to the gel and subjected to SDS-PAGE followed by 

a standard Western blot procedure using a monoclonal mouse antibody against S-

glutathionylated proteins from Virogen (Watertown, MA, USA) at a dilution of 1:1,000 

under non-reducing conditions. After stripping of the membrane, the bands were 

immunoblotted for eNOS (mouse monoclonal, 1:1,000, BD Biosciences, USA) to 

allow normalization of the signals. Detection and quantification were performed by 

enhanced chemiluminescence (ECL) with peroxidase conjugated anti–mouse 

(1:10,000, Vector Lab., Burlingame, CA) secondary antibodies. Densitometric 

quantification of antibody-specific bands was performed with a ChemiLux Imager 

(CsX-1400M, Intas, Göttingen, Germany) and Gel-Pro Analyzer software (Media 

Cybernetics, Bethesda, MD). 

 

Western Blotting Analysis of Other Proteins 

The procedures were similar to those described above but aortic or heart 

tissue and lung endothelial cells (MLEC) were used in all Western blot experiments. 
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Protein samples were analyzed by Western blot analysis for endothelial NO-synthase 

(eNOS, mouse monoclonal, 1:1000, BD Biosciences, USA), phospho-Ser1177-eNOS 

(rabbit polyclonal, 1:1000, Cell Signaling, Danvers, MA, USA), dihydrofolate 

reductase (DHFR, mouse monoclonal, 1 µg/ml, Abnova Corp., Germany), GTP-

cyclohydrolase-1 (GCH-1, mouse monoclonal, 1 µg/ml, Abnova Corp., Germany), 

sGCα1 and sGCβ1 (rabbit polyclonal, 1:10000 and 1:500, Abcam, Cambridge, UK), 

phospho-Ser239-VASP (mouse monoclonal, 1.5μg/ml, Millipore, Billierica, MA, USA), 

cGMP-dependent protein kinase (cGK-1, goat polyclonal, 1:200, SantaCruz, Dallas, 

USA) NADPH oxidase isoform 1 and 2 (Nox1, rabbit polyclonal, 1:500, Abcam, 

Cambridge, MA, USA and Nox2 (gp91phox), mouse monoclonal, 1:1,000, BD 

Biosciences, USA), endothelin-1 (ET-1, rabbit polyclonal, 1:5000, Abcam, 

Cambridge, MA, USA) and monoclonal mouse α-actinin or polyclonal rabbit -actin 

(both 1:2500, Sigma-Aldrich) for normalization of loading and transfer. Secondary 

antibodies (GAM-POX, GAR-POX, donkey anti goat-peroxidase labeled, 1:5000, 

Santa Cruz, USA) and ECL development as described above for dot blot. 

 

Quantitative reverse transcription real-time PCR (qRT-PCR) 

Total mRNA from MLECs and aortic tissue was isolated using the RNeasy 

Fibrous Tissue Mini Kit, Qiagen, Hilden, Germany according to the manufacturers 

protocol. 50 ng of total RNA was used for quantitative reverse transcription real-time 

PCR (qRT-PCR) analysis using QuantiTect Probe RT-PCR kit (Qiagen) as described 

previously. 21, 29 Primer-Probe-Mixes purchased from Applied Biosystems, Foster 

City, CA were used to analyse the mRNA expression patterns of endothelial NO 

Synthase (eNOS, Mm_00435204_m1), heme oxygenase-1 (HO-1, 

Mm_00516004_m1), NADPH oxidase -1 (NOX-1, Mm_00549170_m1) and PPARγ 

transcription co-factor-1α (PGC-1α, Mm_01208835_m1) normalized on the TATA box 

binding protein (TBP, Mm_00446973_m1) as an internal control. For quantification of 

the relative mRNA expression the comparative ΔΔCt method was used. Gene 

expression of target gene in each sample was expressed as the percentage of 

wildtype. 

 

Aortic nitric oxide formation by electron spin resonance (EPR) spectroscopy 

 Aortic nitric oxide formation was measured using EPR-based spin trapping 

with iron-diethyldithiocarbamate (Fe(DETC)2) colloid which was freshly prepared 
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under argon as described 9. One murine aorta was cut into ring segments of 3 mm 

length (6-7 pieces) and placed in 1 ml Krebs-Hepes buffer on a 24-well plate on ice. 

The samples were stimulated with 10 µM calcium ionophore (A23187) for 2 min on 

ice, then 1 ml of the Fe(DETC)2 colloid solution (400 µM in PBS with Ca2+/Mg2+) was 

added and the plate was placed in the incubator at 37 °C. After 60 min of incubation, 

the aortic rings were placed at a fixed position in a 1 ml syringe with removed top in 

PBS buffer and frozen in liquid nitrogen (in the way that the entire aortic sample was 

placed within a 100 µl volume of the syringe). For measurement, the frozen cylinder 

with the aortic sample was pressed out of the syringe and placed in a special Dewar 

vessel (Magnettech, Berlin, Germany) filled with liquid nitrogen. The localization of 

the aortic sample was adjusted to the middle of the resonator. EPR conditions: B0= 

3276 G, sweep=115 G, sweep time=60 s, modulation=7000 mG, MW power=10 mW, 

gain=9x102 using a Miniscope MS400 from Magnettech (Berlin, Germany). As 

previously reported, the A23187-stimulated NO signal was absent when the aortas 

were denuded, L-NAME (200 µM) was added or when aorta from eNOS-/- mice were 

used (not shown). The general conditions for this assay were previously described by 

Kleschyov et al. 10. 

 

Isolation of mouse lung endothelial cells (MLEC) 

Mouse lung endothelial cells were isolated using collagenase I for digestion of 

freshly isolated mouse lungs. Two separation steps were performed to separate 

endothelial cells from the others using CD31 MACS beads (Miltenyi Biotech, 

Bergisch Gladbach, Germany) and ICAM dynabeads (Thermo fisher, Dreieich, 

Germany) according to the manufacturer’s protocols.  

 

Non-invasive blood pressure measurements (NIBP) 

NIBP measurements were performed on a daily basis throughout the noise 

exposure regimen (CODA 2, Kent Scientific, Torrington, USA). Animals were placed 

in restraining tubes on a preheated plate (32°C). The CODA System relies on two 

tail-cuffs to measure blood pressure. An occlusion cuff and a volume-pressure 

recording cuff are positioned on the tail. Data have been acquired by CODA data 

Acquisition Software. Five measurements were performed in advance to get the 

animal used to it. The mean values of ten NIBP readings were used for each animal. 
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Feng et al. proofed accuracy of this method compared to radiotelemetric 

measurement 11. 

 

FACS analysis of the aorta 

 Flow cytometry of aortas was performed like described previously 12, 13. Briefly, 

aortic vessels were cleaned of fatty tissue, minced and digested with liberaseTM (1 

mg/ml, Roche, Basel, Switzerland) for 30 min at 37°C. By passing the lysed aortic 

fragments through a cell strainer (70 μm), a single-cell suspension was obtained. 

Single-cell suspensions were treated with Fc-block (anti-CD16/CD32), washed and 

surface-stained with CD45 APC-efluor 780 (30-F11), TCR-β V450 (H57-597, BD 

Biosciences, San Jose, CA, NK1.1 PE-Cy7 (Pk136), CD11b PE (M1/70, BD 

Biosciences, San Jose, CA), Ly6G FITC (1A8, BD Biosciences, San Jose, CA), 

F4/80 APC (BM8), Ly6C PerCP-Cy.5.5 (AL-21) (all antibodies from eBioscience (San 

Diego, CA) unless stated otherwise). Dead cells were excluded by staining with 

Fixable Viability Dye eFluor506 (eBioscience, San Diego, CA). Based on a live gate, 

events were acquired and analyzed using a BD FACS CANTO II flow cytometer 

(Becton Dickinson, Franklin Lakes, NJ) and FACSDiva software (Becton Dickinson, 

Franklin Lakes, NJ), respectively. 

 

Next generation sequencing 

RNA extraction 

The tissue samples (aorta) used for RNA extraction were carefully excised and 

immediately frozen in liquid nitrogen. For the initial Illumina RNA-Seq, tissue samples 

from four animals were pooled und subjected to total RNA isolation. For replicate 

datasets, four tissues samples of control and noise treated mice were extracted in 

parallel. Total RNA was isolated using the RNA extraction kit (PEQLab precellysTM, 

VWR, Darmstadt, Germany) following the manufacturer’s instructions. RNA 

concentration and integrity were assessed with a Bioanalyzer 2100 (Agilent RNA 

Nano or Pico chips Agilent Technologies, Santa Clara, USA).  

Illumina sequencing 

For RNA-Seq library construction 0.5 – 1.0 µg of total RNA of each tissue 

sample were used. The RNA quality as assessed by the RNA Integrity Number (RIN) 

values were between 6 and 8. Sequencing libraries were constructed using the 

library preparation kit TruSeq Stranded mRNATM according to the instructions by the 
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manufacturer (Illumina, San Diego, USA). The sequencing of the cDNA sequencing 

libraries was carried out as 150 bp paired-end runs on an Illumina 

NexSeq500TM (Illumina, San Diego, USA) by StarSEQ GmbH Mainz, Germany. The 

raw RNA-seq data was processed with house internal perl scripts to do quality 

trimming to a Phred score of > 30, remove sequencing adapters and primers. The 

summary of sequencing statistic is given in suppl. Table 1S.  

Analysis of Illumina RNA-Seq data 

Paired end reads were mapped against UCSC mouse genome build 

GRCm38/mm10 (Dec. 2011) using STAR 14 combined with the RSEM 15 data 

analyzing pipeline with the default settings. Results were processed in R 16 (Version 

3.3.1) using DESeq2 17 package for calling differential gene expression. Principal 

component analysis and calculation of Cook’s distances were performed using 

DESeq2. In general, a gene was considered as differentially expressed if the 

adjusted p-value was < 0.05. For the analysis and visualization of gene expression 

changes in pathway systems gene symbols were converted to Entrez/KEGG gene 

ids and log2 fold changes of gene subsets were extracted. Gene sets were mapped 

to selected KEGG 18, 19 pathways using Pathview 20 package. Mappings and 

generation of pathway figures were done with default settings. 

Differential expression of single genes and small subsets of genes were 

analyzed based on FPKM values of the RSEM results. Expression values were 

extracted without consideration of DESeq2 generated p-values. Significance of 

expression changes compared to the untreated controls was checked by one-way 

ANOVA with Bonferroni’s correction (Prism for Windows, version 7.01, GraphPad 

Software Inc.). The promoters of the eight most regulated genes were analysed for 

HMR conserved transcription factor binding sites on the basis of the Transfac 

database. 

 

Materials 

For isometric tension studies, nitroglycerin (GTN) was used from a Nitrolingual 

infusion solution (1 mg/ml) from G.Pohl-Boskamp (Hohenlockstedt, Germany). L-012 

(8-amino-5-chloro-7-phenylpyrido[3,4-d]pyridazine-1,4-(2H,3H)dione sodium salt) 

was purchased from Wako Pure Chemical Industries (Osaka, Japan). Endothelin-1 

was obtained from Bachem AG (Bubendorf, Switzerland). The QuantiTect probe RT-

PCR Kit was purchased from Qiagen (Hilden, Germany) and TaqMan probes from 
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Applied Biosystems (Darmstadt, Germany). The Bradford reagent was obtained from 

BioRad, Munich, Germany. All other chemicals were of analytical grade and were 

obtained from Sigma-Aldrich, Fluka or Merck. 

 

Statistical analysis 

Results are expressed as the means ± SD. Two-way ANOVA (with 

Bonferroni’s correction for comparison of multiple means) was used for comparisons 

of concentration-relaxation curves (Prism for Windows, version 6.05, GraphPad 

Software Inc.). One-way ANOVA (with Bonferroni’s correction for comparison of 

multiple means) or, where appropriate, equivalent non-parametric test (Dunn / 

Kruskal-Wallis multiple comparison) was used for comparisons of weight gain, blood 

glucose, other serum/plasma parameters, such as triglycerides, 3-nitrotyrosine, MDA, 

histological data, aortic ROS formation, protein and mRNA expression, cardiac and 

whole blood oxidative stress, aortic NO formation, blood pressure (SigmaStat for 

Windows, version 3.5, Systat Software Inc.). p-values < 0.05 were considered as 

statistically significant and are either provided in the figures or by symbol legends of 

tables. The number of replicates in the different assays may vary since not all 

animals were used in all assays. 

 

Statistical sample size calculation 

An a priori power analysis was performed to estimate the numbers of mice 

needed for significant results.  Differences in flow mediated dilation measured in an 

human aircraft noise study were used as calculation basis 21.  Following input 

parameters were used for the computation of sample size effect size = 0.8, alpha = 

0.05, Power (1-beta) = 0.95. The analysis was performed for an one tailed parametric 

test between two groups with independent means with the freely available G*Power 

Software 22. An overall sample size of n = 70 (with Df = 68) with equal group 

allocation was calculated. All animal experiments planning were guided by this initial 

sample size estimation, which helped preventing unnecessary test animal breeding 

and loss. 

 

[40] -- Thursday, December 08, 2016 -- 18:02:01 

t tests - Means: Difference between two independent means (two groups) 

Analysis: A priori: Compute required sample size  
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Input: Tail(s) = One 

 Effect size d = 0.8 

 α err prob = 0.05 

 Power (1-β err prob) = 0.95 

 Allocation ratio N2/N1 = 1 

Output: Noncentrality parameter δ = 3.3466401 

 Critical t = 1.6675723 

 Df = 68 

 Sample size group 1 = 35 

 Sample size group 2 = 35 

 Total sample size = 70 

 Actual power = 0.9523628 

 

  



 
 

 11

Supplemental Discussion 

Next generation sequencing 

Zbtb44 codes for a highly conserved zinc finger domain DNA binding protein. 

It is involved in stem cell growth and responds to steroid and adrenergic stimulation 
23, 24. The specific function in the cardiovascular vessels has not been determined. 

SERTAD4 is highly expressed in adult murine fibrous tissues. SERTAD4 resides 

predominantly in the nucleus throughout cell cycle progression and shows interaction 

with PP2A and PI3K 25, 26, which are crucial regulators in the here displayed 

pathways. Yipee-like 2 (YPEL2) is localized in the nucleus and contains several 

metal binding sites, it is known to interact with phosphatases and influences calcium 

signalling in cellular repolarisation 27. Indian Hedgehog (IHH) is involved in signalling 

and has been found among other pathways to participate in cartilage degeneration 

as well as in TGFbeta-driven chondrogenesis and ossification 28, 29. Sacsin is highly 

expressed in the central nervous tissue but shows also abundant expression in 

fibrous tissue. It has chaperone like function and is regulated by TGFbeta in epithelial 

mesenchymal transition 30. Nbeal1 is known to be strongly expressed in mouse aorta, 

its lysosomal import sequence may implicate a role in autophagy and hypoxia 31. 

PTPN4 belongs to a superfamily of protein phosphatases, which is associated with 

cytoskeletal proteins. It has a role in cell growth and motility in various tissues and 

cell lines 32. Downregulation of the nuclear orphan receptor NR4A3/NOR1 is known 

to contribute to the regulation of matrix metallo-protease in vascular tissue and to the 

activation of VSMC 33, 34. Conservative promoter database analysis of transcription 

factor binding sites of the corresponding gene products showed many binding sites 

with redox-active and cysteine rich transcription factors (NFkB, Foxo and zinc-finger 

proteins) in the promoter regions of the 8 most regulated genes (not shown). This 

might insinuate that noise generated nitro-oxidative stress may directly influence 

transcription levels. Although these genes and their gene products are not well 

known in the cardiovascular context, through their interaction partners they strongly 

contribute to the here depicted pathways. 

In the setting of stress-induced vasoconstriction the TGFbeta pathway and the 

smooth muscle pathway are highly relevant (suppl. Figure 12S). The patterns in the 

smooth muscle pathway indicate a change in contractility and reduced actin 

expression. Changed actin expression may be indicative for myofibroblast formation 

which is an early step in vascular remodelling 35. Similarly by decreased endogenous 
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TGFbeta expression the differentiation to myofibroblasts and osteoblasts by Smad 

signalling is enforced and may lead to extracellular matrix remodelling and increased 

arterial stiffness. Those assumptions are supported by the evaluation of apoptosis, 

cell cycle, NFκB pathways and integrin levels in focal adhesion, as they demonstrate 

by their significant regulation that the aortic tissue has left the quiescent status and is 

undergoing proliferative and morphologic changes. Kinase activity and Foxo 

transcription factor regulation further corroborates this conclusion (suppl. Figures 13S 

and 14S).  

The results of changes in the adrenergic signaling pathway support the ELISA 

results and the non-invasive blood pressure measurements (suppl. Figure 13S). 

Quality measures of NGS sampling like total number of reads and reads after 

trimming (suppl. Table S1) and overall expression variance (suppl. Figures 15S A) 

did not show any major discrepancies between samples. However PCA analysis 

revealed that two Day 2 samples strongly deviated from all other samples (suppl. 

Figure 15S B). Therefore we decided to generate an alternative analysis of the 

VSMC pathway without those samples, giving only slightly divergent results (suppl. 

Figure 16S). 
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For gene expression profiling of mouse aorta tissue after noise exposure a total of 16 sample 

pools of four conditions were sequenced on Illumina NextSeq 500. For each pool between 

33,361,426 and 108,203,920 high quality 150 nt „paired end“ reads were generated. 

 

  

Supplemental	Table	1S.	Sequencing	Statistics	

    Total Number 

of Reads 

Reads after 

Trimming 

% of trimmed 

Reads 

         

Sample_B6_Pool1 

WT  

untreated 

53,197,578  50,025,387  ‐5.96% 

Sample_B6_Pool2  44,177,732  41,420,817  ‐6.24% 

Sample_B6_Pool3  63,680,912  59,647,937  ‐6.33% 

Sample_B6_Pool4  95,096,196  89,464,809  ‐5.92% 

Sample_5 

+noise 

(1 day) 

37,674,372  35,632,459  ‐5.42% 

Sample_6  75,294,996  70,702,144  ‐6.10% 

Sample_7  46,201,474  43,604,821  ‐5.62% 

Sample_8  35,506,696  33,188,259  ‐6.53% 

Sample_9 

+noise 

(2 days) 

46,348,626  43,476,457  ‐6.20% 

Sample_10  67,370,490  63,227,108  ‐6.15% 

Sample_11  72,033,100  67,470,353  ‐6.33% 

Sample_12  63,030,112  59,139,369  ‐6.17% 

Sample_13 

+noise 

(4 days) 

33,610,426  31,440,416  ‐6.46% 

Sample_14  90,003,020  84,704,210  ‐5.89% 

Sample_15  72,226,828  67,936,404  ‐5.94% 

Sample_16  108,203,920  101,792,381  ‐5.93% 
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Data are mean ± SD from 13-26 mice/group. P<0.05: *vs. Ctr (no noise) ,  #vs. +noise (1 day) ; §vs. +noise (2 days) 
 

 

 

 
 
 

Data are mean ± SD from 8-22 mice/group. P<0.05: *vs. Ctr (no noise) 
 

 

  

Table	2S.	Effects	of	noise	exposure	on	Potency	(pD2)	and	Maximal	Relaxation	
(Max.	Relax.)	to	ACh	and	GTN	
	 ________ACh________	 ________GTN________	
	 pD2	(‐log[ED	50])	 Max.	Rel.	 pD2	(‐log[ED	50])	 Max.	Rel.	
	 	 %	 	 %	
Ctr	 ‐7.15	±0.24	 81.4	±7.8	 ‐6.95	±0.28	 87.3	±8.1	
+noise	(1	day)	 		‐7.04	±0.31*	 				67.8	±14.6*	 	‐6.82	±0.19*	 	75.2	±9.8*	
+noise	(2	days)	 		‐7.03	±0.31*	 	69.0	±9.8*	 	‐6.64	±0.50*	 			83.0	±6.4*#	
+noise	(4	days)	 ‐7.07	±0.25	 			63.4	±10.6*	 	‐6.91	±0.31§	 				85.0	±11.1#	

Table	3S.	Effects	of	noise	exposure	on	 	Potency	(pD2)	 	and	Maximal	Constriction	
(Max.	Constr.)	to	Norepinephrine	(NE)	and	ET‐1	

	 ________NE_________	 ________ET‐1________	
	 pD2	(‐log[ED	

50])	
Max.	Constr.	 pD2	(‐log[ED	50])	 Max.	Constr.	

	 	 %	 	 %	
Ctr	 ‐7.48	±0.21	 46.5	±17.5	 ‐7.17	±0.72	 24.0	±21.5	
+noise	(1	day)	 ‐7.51	±0.18	 55.4	±26.6	 ‐7.03	±0.74	 		41.1	±29.4*	
+noise	(2	days)	 ‐7.44	±0.13	 		58.5	±20.2*	 ‐7.16	±0.64	 		38.5	±20.3*	
+noise	(4	days)	 ‐7.48	±0.15	 		68.9	±25.5*	 		‐7.39	±0.62#	 31.0	±25.9	
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Supplemental	Table	4S.	30	most	highly	upregulated	genes	over	all	three	treated	conditions	

    Log2FoldChange  Description 

Gene ID  Gene Symbol  + noise 
(1 day) 

+ noise 
(2 days) 

+ noise 
(4 days) 

 

           

29884  Zbtb44  0.75  0.72  0.97  zinc finger and BTB domain containing 44 

1655  Sertad4  0.67  0.74  0.86  SERTA domain containing 4 

515  Ihh  0.71  0.66  0.85  Indian hedgehog homolog 

4699  Ypel2  0.59  0.72  0.88  yippee‐like 2 

30225  AK011526  0.73  0.56  0.74  chr9:50745720‐50746509 (GRCm38/mm10) 

30572  Smad6  0.72  0.65  0.58  SMAD family member 6 

28098  Prr33  0.72  0.60  0.61  proline rich 33 

18272  Larp1b   0.68  0.52  0.64  La ribonucleoprotein domain family, member 
1B 

24429  Grip2  0.65  0.53  0.65  glutamate receptor interacting protein 2 

21072  Tmem82  0.71  0.46  0.65  transmembrane protein 82 

21279  AK083203  0.63  0.48  0.61  chr4:154637576‐154644716 (GRCm38/mm10) 

18333  Smad9  0.58  0.56  0.57  SMAD family member 9 

19025  AK039581  0.57  0.49  0.60  chr3:107440341‐107442976 (GRCm38/mm10) 

18673  S100a7a  0.70  0.43  0.53  S100 calcium binding protein A7A 

6670  Xrcc3  0.56  0.43  0.62  X‐ray repair complementing defective repair in 
Chinese hamster cells 3 

5065  Aoc2  0.57  0.55  0.48  similar to Membrane copper amine oxidase 
(Vascular adhesion protein‐1) (VAP‐1) (HPAO) 

29793  Pde4a  0.62  0.48  0.48  phosphodiesterase 4A, cAMP specific 

16324  Lrp4  0.48  0.60  0.48  low density lipoprotein receptor‐related protein 
4 

4040  2810021J22Rik  0.50  0.49  0.57  similar to KRAB‐zinc finger protein 68 

14878  AI606181   0.48  0.45  0.59  chr19:41593363‐41594110 (GRCm38/mm10) 

16882  Pla2g4b  0.61  0.49  0.42  Phospholipase A2 Group IVB 

21073  AI507597  0.48  0.42  0.61  long non‐coding RNA 

27927  AK084972  0.55  0.41  0.55   

14591  Dtx4  0.45  0.45  0.60  deltex 4 homolog (Drosophila) 

13036  Gm20219  0.56  0.41  0.53  predicted gene 

2482  Arid3a  0.38  0.50  0.62  AT rich interactive domain 3A (Bright like) 

3800  Adam19  0.52  0.49  0.48  ADAM metallopeptidase domain 19 (meltrin 
beta) 

21278  5930403L14Rik  0.50  0.45  0.52  RIKEN cDNA 5930403L14 gene 

21876  Fam184b  0.41  0.49  0.57  family with sequence similarity 184,   member B 

1016  Pik3c2b  0.49  0.48  0.51  phosphoinositide‐3‐kinase, class 2, beta 
polypeptide 

 

Expression profiling (DESeq2) investigating aorta tissue showed 983 at least 
significant differentially expressed genes (p < 0.05) in one treated group. 532 of 
these genes are higher expressed after noise treatment compared to untreated 
controls. The 30 most upregulated genes are shown with expression changes of all 
three conditions compared to untreated controls. 
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Supplemental	Table	5S.	30	most	highly	downregulated	genes	over	all	three	treated	
conditions	

  Log2FoldChange Description 

Gene ID Gene Symbol + noise 
(1 day) 

+ noise 
(2 days) 

+ noise 
(4 days) 

 

           

9043  Sacs  ‐1.66  ‐1.59  ‐1.83  Sacsin, spastic ataxia of Charlevoix‐Saguenay 

393  Nbeal1  ‐1.50  ‐1.37  ‐1.55  neurobeachin like 1 

906  Ptpn4  ‐1.25  ‐1.06  ‐1.19  protein tyrosine phosphatase, non‐receptor 
type 4 

19865  Nr4a3  ‐1.15  ‐0.99  ‐1.22  nuclear receptor subfamily 4, group A, member 
3 

5907  Klhl28  ‐1.08  ‐0.85  ‐1.07  kelch‐like 28 (Drosophila) 

6749  Itgb8  ‐1.06  ‐0.93  ‐1.04  integrin, beta 8 

32555  Tsc22d3  ‐1.03  ‐1.08  ‐1.33  TSC22 domain family, member 3 

19145  Myoz2  ‐0.99  ‐0.78  ‐0.72  myozenin 2 

3638  Peli1  ‐0.94  ‐0.80  ‐1.03  Pellino E3 Ubiquitin Protein Ligase 1 

26440  Ube3a  ‐0.91  ‐0.72  ‐0.95  similar to ubiquitin protein ligase E3A 

21142  Gm13212  ‐0.90  ‐0.77  ‐0.83  predicted gene 13212; Chr4:145585166‐
145625345 bp, + strand 

22300  BC005561  ‐0.90  ‐0.85  ‐1.10  THO complex 2; cDNA sequence BC005561 

9468  Lmbrd2  ‐0.88  ‐0.77  ‐0.91  LMBR1 domain containing 2 

23482  C1galt1  ‐0.87  ‐0.74  ‐1.06  core 1 synthase, glycoprotein‐N‐
acetylgalactosamine 3‐beta‐
galactosyltransferase, 1 

32389  Brwd3  ‐0.86  ‐0.68  ‐0.80  bromodomain and WD repeat domain 
containing 3 

17104  AK154258  ‐0.86  ‐1.05  ‐1.02  chr2:132559005‐132561681 (GRCm38/mm10) 

5848  Arhgap5  ‐0.86  ‐0.69  ‐0.82  Rho GTPase activating protein 5 

11434  Adamts1  ‐0.85  ‐0.47  ‐1.08  a disintegrin‐like and metallopeptidase 
(reprolysin type) with thrombospondin type 1 
motif, 1 

8104  Fam107a  ‐0.84  ‐1.06  ‐1.11  family with sequence similarity 107,    member 
A 

19433  Trp53inp1  ‐0.82  ‐0.79  ‐0.97  transformation related protein 53 inducible 
nuclear protein 1 

11760  AK137492  ‐0.81  ‐0.73  ‐0.93  hypothetical Annexin/TONB Box N terminus 
containing protein 

29111  Mt2  ‐0.78  ‐0.67  ‐0.83  metallothionein 2, methyltransferase 2 

6797  Actn2  ‐0.78  ‐0.76  ‐0.86  actinin, alpha 2 

7813  Homer1  ‐0.76  ‐0.70  ‐0.88  homer homolog 1 

20885  Fam46b  ‐0.75  ‐1.17  ‐1.13  family with sequence similarity 46,      member 
B 

14873  Lcor  ‐0.73  ‐0.67  ‐0.87  ligand dependent nuclear receptor corepressor 

9257  Dgkh  ‐0.72  ‐0.75  ‐0.97  diacylglycerol kinase, eta 

4229  Per1  ‐0.62  ‐0.75  ‐1.28  period homolog 1, 1‐Cys‐peroxiredoxine 

7661  BC057675  ‐0.60  ‐0.70  ‐0.97  chr13:68216278‐68236984 (GRCm38/mm10) 

24411  Klf15  ‐0.55  ‐0.91  ‐1.07  Krueppel‐like factor 15 

 

The Table shows the 30 most downregulated of 451 genes, which were lower 
expressed in aorta of noise treated mice then in the untreated controls. (p < 0.05). 
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Supplemental Fig. 1S: Effects of noise on blood glucose, triglycerides and 

Heart/body weight ratio.  

(A) Noise significantly increased blood glucose levels after 1, 2 and 4 d of exposure. 

Serum triglyceride levels (B) and heart/body weight ratio (C) were not changed 

among the groups. Data are mean ± SD from n = 17-27 (A), 8-34 (B) and 4-21 (C) 

mice/group.  
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Supplemental Fig. 3S: Effects of noise on vascular NO signaling pathways. 

(A–C) Aortic protein expression of soluble guanylate cyclase (sGC) and cGMP-

dependent protein kinase-1 (cGK-I) was not changed. The activity of cGK-I analyzed 

by the phosphorylation of the vasodilator stimulated phosphoprotein (VASP, at serine 

239) (D) and the ratio of p-VASP/cGK-I (E) revealed a significant decrease after 1 

day of noise exposure. Data are mean ± SD from n=4-7 samples/group (pooled from 

2-3 mice per sample) (A-E). 
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Supplemental Fig. 4S: Endothelial cell specific mRNA expression in murine 

lung endothelial cells (MLEC) from noise exposed animals.  

Endothelial NO synthase was up-regulated significantly in MLEC in response to noise 

(A). Proteins regulating the oxidative stress response like the heme oxygenase-1 

(HO-1) (B) and PGC-1α (C) were up-regulated after 2 and 4 days of noise exposure 

(HO-1 also after 1 day). NOX-1 expression (isoform of NADPH oxidase) was 

increased by 2 and 4 days of noise exposure (D).  Data are mean ± SD from n = 23-

24 (A), 13-17 (B), 6 (C) and 15-18 (D) mice / group. 
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Supplemental Fig. 7S: Effects of white noise for 1, 2 and 4d on endothelial 

function, NO/cGMP signaling and oxidative stress parameters. 

(A) Relaxation by the endothelium-dependent vasodilator acetylcholine (ACh) was 

not changed by white noise exposure (n = 12 mice/group). (B-C) Nitrotyrosine-

positive proteins and IL-6 levels were not increased in mouse plasma upon white 

noise exposure. (D-F) Endothelial NO synthase phosphorylation at Ser1177, GTP-

cyclohydrolase I (GCH-I) and dihydrofolate reductase (DHFR) expression showed no 

major changes in response to white noise (only one day of noise exposure with 

significant decrease in eNOS phosphorylation). (G-H) Aortic NADPH oxidase 

subunits NOX-1 and NOX-2 showed no major changes as compared to the control 

group after white noise exposure. (I) Aortic endothelin-1 expression showed no major 

changes after white noise exposure (only one day of noise exposure with significant 

increase in ET-1 protein). Data are mean ± SD from n=12 (A), 9-12 (B-C) mice/group 

and n = 3 samples (pooled from 3-4 mice per sample) (D-I). 
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Supplemental Fig. 8S: Effects of white noise on vascular NO signaling 

pathways. 

(A-C) Aortic protein expression of soluble guanylate cyclase (sGC) and cGMP-

dependent protein kinase-1 (cGK-I) showed no major changes in response to white 

noise as compared to the control group (only one day of noise exposure with 

significant increase in sGCalpha). The activity of cGK-I analyzed by the 

phosphorylation of the vasodilator stimulated phosphoprotein (P-VASP, at serine 

239) was not changed in any group (D). The ratio of P-VASP/cGK-I (E) increased by 

trend after 1 day of white noise exposure. Cardiac S-glutathionylation of eNOS, the 

marker for eNOS uncoupling, was not changed in any group (F). Data are mean ± SD 

from n = 3 samples (pooled from 3-4 mice per sample) (A-E) and 5 samples (pooled 

from 2-3 mice per sample) (F). 
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protein involved in transcription and DNA repair; CytC, cytochrome c; ATM, Ataxia 

telangiectasia mutated is an important checkpoint kinase; ATR, Ataxia telangiectasia 

and Rad3 related is a protein kinase; Fas, CD95 (cluster of differentiation 95); B99, 

G2 And S-Phase Expressed 1, gene involved in cell cycle; CASP3/9, caspase-3/-9; 

Gadd45, growth arrest and DNA damage-inducible 45 proteins; SGK, serum- and 

glucocorticoid-induced protein kinase; p38, mitogen-activated protein (MAP) kinase; 

JNK, c-Jun N-terminal kinase; BIM, Bcl-2 interacting mediator of cell death; p130, 

RBL2, regulator of entry into cell division; IGF, insulin-like growth factor; VEGF, 

vascular endothelial growth factor; GLUT4, glucose transporter type 4; IRS, insulin 

receptor substrate; Homer, homer scaffolding proteins; IKKα/β, inhibitor of nuclear 

factor kappa-B kinase α/β; c-Myc, nuclear phosphoprotein that plays a role in cell 

cycle progression and apoptosis; FOXO, Forkhead box proteins O is a group of 

transcription factors involved in cell growth, proliferation and differentiation; SOD1, 

intracellular Cu,Zn-superoxide dismutase; GPX-1, glutathione peroxidase-1; Bcl-6, B-

cell lymphoma 6 protein; ATG8, autophagy-related protein 8; EDG1/6, endothelial 

differentiation gene 1/6 or sphingosine-1-phosphate receptor 1/6. 
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