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Extended Methods 

Particulate matter and noise exposure system 

The image of the PM and noise exposure system is shown in suppl. Figure S1. The system 
was acquired from TSE Systems GmbH (Hochtaunuskreis, Germany), and consists of a PM 
source (collision nebulizer), a large drying column, an exposure chamber, a PM monitoring 
device and a lot of filters and mass flow controllers. The exposure chamber is equipped with 
two loudspeakers for noise exposure. The system is operated through two separate proprietary 
software programs installed on a Windows PC, where one operates the PM monitoring device 
and the other operates the airflow through the system. The most important parts of the system 
are described in more detail: 

1. Collision nebulizer with the drying column – the collision nebulizer is a device used to 
produce air suspended PM from a water suspended PM. It consists of two main parts, 
a metal rod through which pressurised air and water suspended PM flow, and a glass 
jar. High-pressure air flows through the metal rod and sucks in the water suspended 
PM. The water suspended PM is then carried through the rod and expelled at a right 
angle towards the wall of the glass jar. The impact of the water suspended PM with the 
glass jar wall creates a fine mist. The mist droplets are then carried through the drying 
column where the water phase is absorbed by the silica gel and the PM phase passes 
through the exposure chamber. The collision nebulizer will handle any PM that can 
form a stable suspension in water (some stabilizing agents could be added to improve 
stability). When set up correctly, the collision nebulizer with the drying column is a 
reliable source of PM.  

2. Exposure chamber – the exposure chamber has a volume of 50 L and is constructed 
from stainless steel. The chamber can hold two standard size mouse cages for a total 
of 10 mice. The cages have to be made from metal wire and not solid plastic, in order 
to not interfere with the airflow. The chamber has an inlet port on the top, and an 
outlet port on the bottom, with many more ports for specific needs. The chamber is 
equipped with an air humidity and temperature probe, a sampling outlet (sample air 
can be drawn from the chamber and PM can be caught on a filter for further analysis), 
a PM monitoring outlet (sample air is drawn continually into the PM monitoring 
device), a pressure sensor, and many pressure release valves. The chamber is also 
equipped with a stereo speaker system. Two loudspeakers are located on the top of the 
chamber and can be used for simultaneous exposure to PM and noise. The inside walls 
of the chamber are padded with noise insulating material. The chamber can be 
completely disassembled for cleaning.  

3. The PM monitoring device – the NanoSpectroPan is a combination of two 
spectrometers that can detect PM in size range of 10 nm to 35 µm with 41 increments. 
The spectrometer used to detect smaller particles in the size range of 10 to 200 nm is 
based on the electric field mobility principle. The particles entering the detector are 
charged. The charge, z, roughly corresponds to the surface of the particle. After being 
charged, the particles migrate through an electric field. The voltage of the electric field 
is increased in increments from -2 to -320 V. Particles with small m/z (mass divided 
by charge) will be influenced by the lower voltage electric fields and will not pass 
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through it. Particles with large m/z will pass through and be recorded as current in a 
Faraday Cup electrometer. With each incremental increase of the voltage, less and less 
particles will pass to the electrometer. The resulting currents can then be subtracted to 
reveal the number of particles in each voltage range. Since the particle mass is 
proportional to the volume of the particle (radius cubed), and the particle charge is 
proportional to the surface area (radius squared), the detected m/z is proportional to 
the radius of the particle. The spectrometer used to detect larger particles in the range 
from 250 nm to 35 µm is based on the light scattering principle. The particles flow 
through a tube and pass through a laser light beam. The scattered light is detected at a 
right angle in relation to the incident light beam. The dilution of particles in air is large 
enough that almost all particles are detected individually. The intensity of scattered 
light at the right angle is proportional to the diameter of the particle. The number of 
scattering events is proportional to the particle concentration. The NanoSpectroPan 
detector also reports on the total mass concertation of the PM in the exposure chamber 
based on the mass density of the used PM.  

4. Rest of the system – the other notable parts of the system are the mass flow controllers 
that allow fine tuning of the airflow inside the exposure chamber, filters that collect all 
of the PM, so it does not escape the system, and the vacuum pump that maintains the 
negative pressure needed for airflow through the system.  

 

General animal handling and tissue preparation 

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 Medical Center Mainz and the Landesuntersuchungsamt 
Rheinland-Pfalz (Koblenz, Germany; permit number: 23 177-07/G 16-1-055 and 20-1-055). 
During the rest periods mice were housed under a 12-hour light/dark cycle in the ventilated 
animal cabinet with unlimited access to standard diet and water. After the exposure mice were 
sacrificed under deep ketamine/xylazine anaesthesia. While under anaesthesia, mice were cut 
open longitudinally from the pubis to the chin. Ribs and sternum were cut, and the 
pericardium was opened. Approximately 600 μL of blood were withdrawn from the 
circulation using a syringe, causing death by exsanguination. Blood was transferred to EDTA 
containing polypropylene tubes and centrifuged for 10 minutes at 2000 x g. Plasma was 
collected and stored at -80°C. Next, organs were excised in order: heart, lung, adrenal glands, 
kidneys, liver, aorta and brain. Organs were transferred to ice-cold Krebs-Hepes buffer. 
Aortas were cleaned from perivascular adipose tissue under a stereo microscope and cut into 
pieces for further processing. Other organs were either snap frozen in liquid nitrogen for use 
in further experiments, fixed in paraformaldehyde for immunohistochemical analysis, 
embedded in TissueTek for cryo-sectioning or processed immediately. 

 

Particulate matter 

In a pilot study, three types of commercially available PM were used for the exposure of 
mice. All three types of PM were acquired from the National Institute of Standards and 
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Technology (NIST - US). All of the PM belong to standard reference materials (SRM) and are 
characterized in detail and supplied with a certificate of analysis. The benefit of having a 
SRM PM is that they can be purchased many times with a guarantee that the composition is 
always the same.  

NIST 1 (SRM1650b) represents diesel PM and was collected from a heat exchangers of a 
dilution tube facility following 200 hours of diesel engine run time. The engines were direct 
injection four-cycle diesel engines, operating at varying conditions, and thus the collected PM 
is representative of PM produced by heavy-duty diesel engines. The SRM1650b PM was 
characterised for the presence of PAHs and nitro-substituted PAHs. In addition to PAHs, 
particle size distribution was analysed and presented as a dependence of total particle volume 
to the particle size (mass distribution). No metals or other inorganic compounds were certified 
for the SRM1650b PM. The detailed certificate of analysis can be found on the NIST website: 
https://www-s.nist.gov/srmors/view_cert.cfm?srm=1650B. 

NIST 2 (SRM1648a) represents urban PM that was collected in St. Louis, Missouri during a 
period of 12 months in 1976 and 1977. The SRM1648a PM was then homogenised and 
subjected to chemical analysis or inorganic and organic constituents. The PM was 
characterized for the presence of 37 different elements, selected polycyclic aromatic 
hydrocarbons (PAHs), nitro-substituted PAHs, polychlorinated biphenyls (PCBs) and 
chlorinated pesticides. Mass fraction of organic and inorganic carbon are also supplied. The 
certificate of analysis also comes with the size distribution measurement that is presented as a 
dependence of total particle volume to the particle size (mass distribution). The detailed 
certificate of analysis can be found on the NIST website: https://www-
s.nist.gov/srmors/view_cert.cfm?srm=1648A. 

NIST 3 (SRM2786) represents fine atmospheric PM and was collected in 2005 from an air 
intake filtration system of a major exhibition centre in Prague, Czech Republic. After the 
collection, the SRM2786 PM was re-suspended in air and fractionated by size, to be 
homogenised again later. The SRM2786 PM was characterised for the presence of PAHs, 
nitro-substituted PAHs, polybrominated diphenyl ethers (PBDEs), hexabromocyclododecane 
(HBCD) isomers, select sugars (markers of pyrolysis from combustion of organic matter), 
polychlorinated dibenzi-p-dioxin (PCCD) and dibenzofuran (PCDF) congeners and select 
inorganic constituents. In addition to composition, particle size distribution was analysed and 
presented as a dependence of total particle volume to the particle size (mass distribution). The 
detailed certificate of analysis can be found on the NIST website: https://www-
s.nist.gov/srmors/view_cert.cfm?srm=2786. 

It is unclear to us at this time why only one of the PM preparations used showed a stable 
increase in the various measured parameters, although also for NIST3 trends of adverse 
effects are obvious in most parameters, although not reaching significance. This could be due 
to composition, as the PM preparations can differ greatly (see very detailed information in the 
datasheets provided in the online supplement). Particle size could be the reason, but less 
likely, because all of the PM preparations possess a wide size distribution. An important 
factor is the time scale of the experiment, as not all components of PM may induce effects 
during acute exposure. What is important to keep in mind is that we were looking for PM 
preparation that would show some effect during the acute exposure, so that we could discern 



Kuntic et al. – Combined noise & PM exposure – online supplement  5 

the effects of individual exposures and the combined exposure. The NIST2 preparation 
notably has the highest load of heavy metals and especially redox-active transition metals 
(compare the detailed datasheets that were also uploaded as supplemental files), which have 
often been linked to adverse health effects [1-3]. NIST1 had the weakest effects, which would 
fit to the fact that these were a kind of “synthetic” particles from industrial diesel engines and 
the presence of heavy metals or transition metals was not reported for the NIST1 preparation. 
Because NIST1 were not collected from the environment, as opposed to the urban NIST2 
particles and atmospheric NIST3 particles, the lack of atmospheric aging of these soot 
particles might explain their comparatively low toxicity [4] and the loading with bacterial 
endotoxins or fungal pyrogens must have been low in these particles as well. 

 

Particulate matter and noise exposure protocol 

A total of 172 male C57BL/6J mice were exposed to either PM only, noise only, combination 
of PM and noise or to fresh air and no noise. In the pilot study comparing the different NIST 
particle mixtures, a total of 34 mice was used. While the mice were in the exposure chamber, 
being exposed to PM only or PM and noise, they had access to water, but not to food, as 
ingestion of PM was not desired. For the exposure with NIST particles only, the mice were 
exposed for 6 hours per day for 3 days. The actual concentration of NIST2 particles in the 
chamber was 220 ± 10 µg/m3. The PM concentration was chosen because 220 ± 10 µg/m3 is a 
peak concentration reached in the most polluted cities [5, 6], therefore it is a good 
concentration to produce reliable acute effects. In addition, since the mice are exposed for 
only 6 hours per day, the daily concentration is only ¼ of the exposure concentration, which 
matches the exposures previously used in animal models [7, 8].  Consideration of the different 
respiratory rats in humans and mice was as follows. Based on the respiratory rate of mice (80-
230 min-1 reported in https://web.jhu.edu/animalcare/procedures/mouse.html) and tidal 
volume (0.2 mL reported in [9]), the total mass of PM that passes through the lung of a mouse 
during a 6 hour exposure session at 200 µg/m3 is 1.15-3.31 µg. If we assume 100 % retention, 
that is the total mass of PM that the mouse accumulates. If the average mass of the mouse is 
25 g, the total exposure will be 46-132 µg/kg during one 6 hours session. Since the mice are 
inhaling clean air during the other ¾ of the day, the total daily exposure is still 46-132 
µg/kg/day. For humans, the respiratory rate is 10-20 min-1 and the tidal volume is 0.5 L. 
Taking the same 200 µg/m3 exposure and assuming a body mass of 60 kg, a human would 
inhale 6-12 µg/kg of PM during a 6 hour interval. Since humans are generally exposed to PM 
during the whole 24 hour period, this would be extrapolated to 24-48 µg/kg/day. Since mice 
are exposed during their sleeping phase, we can assume lower range of the respiratory rate, 
and this would then roughly correspond to the exposure in humans inhaling 200 µg/m3 during 
the whole day. These PM concentrations in the air are common in large polluted cities during 
peak pollution [6]. 

During the noise only exposure, mice were given the same conditions as the mice exposed to 
PM only. The aircraft noise was a 2 h long noise pattern of 69 aircraft noise events with a 
duration of 43 s each and a maximum sound pressure level of 85 dB(A) and an average sound 
pressure level of 72 dB(A), that was recorded at the Düsseldorf airport and previously used in 
human [10-12] and animal studies [13-17]. Mice were exposed to this noise recording on a 



Kuntic et al. – Combined noise & PM exposure – online supplement  6 

loop for 9 ± 3 hours per day for 3 days. For a simultaneous exposure of mice to PM and noise, 
a combined protocol was used for 6 hours per day, for 3 days. All of the exposures were done 
during the day – mouse sleeping phase. 

 

Blood pressure measurement  

Blood pressure was measured by a non-invasive method, using tail-cuff plethysmography. 
The used blood pressure measurement instrument was CODA (Kent Scientific, Torrington, 
CT). Before the measurement mice were restrained inside of a plastic tube and placed on a 
preheated plate (32 °C). After a 15 minute rest two cuffs (occlusion cuff and volume pressure 
recording cuff) were placed on the tail of each the mouse. The instrument performs 5 
iterations of blood pressure measurements for animals to get acclimated to the stress, after 
which 10 more measurement iterations are performed and recorded. The mean value of the 10 
measurements was used. The accuracy of the tail-cuff method was previously confirmed in 
relation to the radiotelemetry [18]. Before the baseline blood pressure measurement was 
recorded, mice were trained without recording the results for at least two separate occasions. 
The final, experimental value of blood pressure (T1) was recorded after the last exposure to 
PM, noise or PM and noise.  

 

Isometric tension studies  

Aortic ring segments from the thoracic part of the aorta, 4 mm in length, were cleaned from 
the perivascular adipose tissue and suspended from the force transducers in an organ bath. 
The force exerted by the aortic rings was measured in the presence of varying concentrations 
of vasoconstrictors and vasodilators. Endothelial function was determined by the addition of 
endothelium-dependent vasodilator, acetylcholine (Ach). Ach was titrated in the range of 10-9 
to 10-5.5 M, to the aortic rings pre-constricted with prostaglandin F2α (yielding approximately 
80 % of the maximal tone induced by KCl bolus). Endothelium-independent vasodilation was 
assessed by titrating the pre-constricted aortic rings with nitro-glycerine (GTN) in the range of 
10-9 to 10-4.5 M. A constant temperature of 37 °C and flow of carbogen gas (95% oxygen, 5% 
CO2 v/v) was maintained in the organ chamber throughout the experiment. The 
cyclooxygenase inhibitor indomethacin (10 μM) was added to the buffer to prevent the 
production of prostaglandins and other vasoactive eicosanoids that might interfere with the 
measurement [19].  

 

Cerebral and retinal arteriole function measurement 

Isolation of cerebral arterioles was recently described by us in detail [20]. Briefly, following 
isolation of the brain, a vascular tree of the middle cerebral artery (MCA) was isolated using 
fine-point-tweezers and microscissors. Next, the MCA including its branches was transferred 
to a pressure myograph. The MCA was then cannulated with a micropipette, and the pipette 
tip was guided into a branching arteriole by gently pulling the cannulated end of the MCA 
further on the pipette and by pushing the free end of the MCA against the pipette tip. Once the 
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arteriole was cannulated, the free end of the MCA was tied to the micropipette. Subsequently, 
the non-cannulated end of the arteriole was tied to an opposite micropipette, and the pipette 
tips were gently moved apart to stretch the arteriole. After, the pressure myograph was placed 
on an inverted microscope, the arteriole was pressurized to 40 mmHg via the indwelling 
micropipette and visualized by a digital camera. After an equilibration time of 30 minutes, the 
arteriole was ready for measurement. Preparation of retinal arterioles for measurement has 
also been previously described in detail by our group [21, 22]. First, the eye was enucleated 
together with the retrobulbar tissue. Next, the ophthalmic artery and its orbital branches were 
cleaned from surrounding tissue by using fine-point-tweezers and microscissors and were 
ligated at their proximal ends with 10-0 nylon monofilament suture. Subsequently, the 
retrobulbar vasculature was deactivated by immersing the intact eye globe with the attached 
vasculature for 10 seconds into 70% ethanol. Next, the eye globe was punctured at the limbus 
with a needle and the cornea, uvea, sclera, and lens were excised apart from a piece of sclera 
around the optic nerve, which was remained to prevent injury and torsion of the ophthalmic 
artery. Then, the preparation was placed into an organ chamber, and the ophthalmic artery 
was cannulated with a micropipette and secured with 10-0 nylon suture. After this procedure, 
the retina was placed onto a transparent plastic platform, and four radial incisions were made, 
enabling spreading out the retina and fixing it to the bottom by placing a steel ring on it. Next, 
retinal vessels were pressurized via the micropipette located in the ophthalmic artery to a level 
corresponding to 50 mm Hg, equilibrated for 30 minutes before measurement, and imaged 
under brightfield conditions. 

After equilibration, the thromboxane mimetic, U46619 (10-11 to 10-6 M; Cayman 
Chemical, Ann Arbor, MI), was cumulatively applied to both cerebral and retinal vascular 
preparations. After completion of the concentration-response curve, U46619 was washed out 
and the respective arteriole was preconstricted to 50 –70% of the initial diameter by titration 
of U46619. Next, responses to the endothelium-dependent vasodilator, acetylcholine, and to 
the nitric oxide (NO) donor, sodium nitroprusside, (both 10-9 to 10-4 M; Sigma-Aldrich, 
Munich, Germany) were tested by cumulative application of the respective substances into the 
organ chamber. A constant temperature of 37 °C and flow of carbogen gas (95% oxygen, 5% 
CO2 v/v) was maintained in the organ chamber throughout the experiment. 

 

Dihydroethidium fluorescence microtopography  

Aortic segments from the thoracic part of the aorta, 4 mm in length, lung and cortex pieces 
were embedded in polymeric resin (TissueTek). The embedded tissue pieces were flesh frozen 
in liquid nitrogen and stored at -80 °C. The frozen blocks containing tissue pieces were cut on 
a cryo-microtome at -25 °C in order to produce 8 µm thick sections. The sections were 
transferred onto SuperFrost® microscopy slides and stored at -80 °C for further use. 
Oxidative stress in the aorta, lung and brain was assessed using dihydroethidium (DHE) - 
dependent fluorescence microtopography [23]. The tissue-containing slides were incubated 
with 1 µM DHE for 30 minutes at 37 °C, washed twice with PBS, protected with a cover 
slide, and imaged under a fluorescence microscope (Axiovert 40CFL with Axiocam MRm, 
Zeiss, Germany). Selected samples were co-incubated with the NOX inhibitor GSK2795039 
(50 µM) or the mitochondrial ROS scavenger mitoTEMPO (2.5 µM). The excitation 
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wavelength was set to 510 – 520 nm, and red fluorescence was recorded (emission: 580 – 610 
nm). The fluorescence images were quantified as the mean pixel intensity obtained from the 
area of interest (endothelium and media for the aorta, whole vascular wall for cerebral and 
retinal arterioles, and whole image for lung and cortex), using ImageJ software.  

 

Western blot analysis 

Protein expression in tissues of interest was determined by a standard western blot analysis 
[13]. In brief, the tissue was homogenized in liquid nitrogen using a mortar and a pistil, after 
which proteins were extracted with the Hg buffer (20 mM Tris-HCl, 250 mM sucrose, 3 mM 
EGTA, 20 mM EDTA, 0.5 mM PMSF, 1 % (v/v) protease inhibitor cocktail, 1 % (v/v) 
phosphatase inhibitor cocktail, 1 % (v/v) TritonX-100). Tissue debris was separated from the 
extracted proteins by centrifugation at 10 000 x g for 10 minutes and 4 °C. Total protein 
concentration was determined using a Bradford assay. Depending on the tissue, 15 to 35 µg of 
protein (in reducing conditions: Laemmli buffer with 2-mercaptoehanol and heating to 95 °C 
for 5 minutes) were loaded on a 10 % polyacrylamide gel and subjected to a SDS-PAGE 
electrophoresis for 2 hours at 120 V. The proteins were then blotted to a nitrocellulose 
membrane (Amersham™ Protran® 0.45μm, GE Healthcare) at 120 mA for 2 hours. Position 
and kDa weight of the proteins was determined using the benchmark unstained protein ladder 
(10-kDa ladder). Proteins were visualized on the membrane using Ponceau-S staining before 
the membrane was cut in desired sections. The membrane stripes were blocked with either 3 
or 5 % bovine serum albumin or 5 % milk powder for one hour at room temperature and 
subsequently incubated with the respective primary antibodies overnight at 4 °C. After the 
incubation with the primary antibody the membranes were washed with either PBS-T or TBS-
T. Detection and quantification were performed with peroxidase conjugated anti-
mouse/rabbit/goat secondary antibodies (incubated at room temperature for 1-2 hours) and 
enhanced chemiluminescence kit (Pierce™ ECL Western Blotting Substrate, Thermo 
Scientific). Densitometric quantification of antibody-specific bands was performed with a 
ChemiLux Imager and Gel-Pro Analyzer software. Primary antibodies used for detection of 
proteins of interest were: NOX-2 (BD Bioscience, 611415, 1:500 in 3% BSA/TBS, anti-
mouse), HO-1 (Abcam, ab68477, 1:2000 in 5% BSA/TBS, anti-rabbit), ACE-2 (Abcam, 
ab108252, 1:1000 in 5% Milk/TBS, anti-rabbit), P-MARCKS (Sigma, SAB4300233, 1:500 in 
3% BSA/TBS, anti-rabbit), NOX-1 (Abcam, ab131088, 1:2000 in 5 % BSA/PBS, anti-rabbit), 
Cu/Zn-SOD (Millipore, 07-403, 1:1000 in 3% BSA/TBS, anti-rabbit), and Mn-SOD (Upstate, 
06-984, 1:1000 in 3% BSA/TBS, anti-rabbit). Secondary antibodies used for detection were: 
anti-mouse (Vector, PI-2000, 1:10000 in the same buffer as the primary antibody) and anti-
rabbit (Vector, PI-1000, 1:10000 in the same buffer as the primary antibody). 

 

 

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

Total mRNA was isolated from the mouse lung and cortex using the standard phenol 
extraction method. In brief, the tissues were homogenized in a Tissue Lyser (QIAGEN, 
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Hilden, Germany) using guanidine thiocyanate (GIT) buffer and total mRNA was extracted 
using phenol/chloroform/isoamyl alcohol. After centrifugation for 20 min at 14,000 x g and 
4°C and separation of the aqueous phase, total mRNA was precipitated in 2-propanol at -20 
°C overnight. The mRNA was centrifuged for 20 min at 14,000 g and 4°C and washed with 
ice-cold 80% ethanol. After washing, RNA was dissolved in RNase free water and total 
concentration was determined by a photometer and purity was checked by measuring the ratio 
of absorbance are 260 and 280 nm. Total mRNA was diluted to 0,0625 µg/µL, and 2 µL were 
used per reaction well. The quantitative reverse transcription real-time PCR (qRT-PCR) 
analysis was done using QuantiTect Probe RT-PCR kit (QIAGEN) [14]. The primer-probe-
mixes were purchased from Applied Biosystems (Foster City, CA, USA). The primer-probe-
mix is a TaqMan® dual-labeled fluorescence resonance energy transfer (FRET) probe. The 
specific primers used in this study were: Cybb (Nox2, Mm00432775_m1), Nmox1 (HO-1, 
Mm00516004_m1), Ace2 (Mm01159003_m1), Ccl2 (MCP-1, Mm00441243_g1) and CD68 
(Mm00839636_m1) 

 

ELISA for hormones  

Plasma concentrations of hormones adrenaline and noradrenaline was determined using a 
commercially available enzyme-linked immunosorbent assay (ELISA) kit. The TriCat kit 
(catalogue # RE59395) was purchased from IBL (Gunma, Japan). The ELISA was performed 
following the instructions of the vendor that were included with the kit. 

 

Immunohistochemistry 

Aortic segments were fixed in 4% paraformaldehyde and embedded in paraffin. Paraffin-
embedded aortic samples were cut on a microtome into 10 µm sections and stained with 
primary antibodies as described [14]. ET-1 staining was performed using a specific antibody 
(abcam #117757, 1:800). 3-NT staining was performed using a specific antibody (Millipore, 
Berlington, MA #06-284, 1:200). NOX-2 staining was performed using specific antibody 
(LSBio, Seattle, WA, #B12365, 1:200). All primary antibodies were used per manufacturers’ 
instructions. A biotinylated secondary antibody (Thermo Fisher Scientific, Waltham, MA) 
was used at a dilution specified by the manufacturer. For immunochemical detection ABC 
reagent (Vector, Burlingame, CA, US) and then DAB reagent (peroxidase substrate Kit, 
Vector) were used as substrates. Images were taken with an inverted bright-field microscope 
(Olympus, Tokyo, Japan). Quantification was performed using Image ProPlus 7.0 software 
(Media Cybernetics, Rockville, MD, US), calculating the percentage of the aortic area that 
was stained. A threshold was selected for the specific staining colour and all area that had 
greater intensity in that specific brown colour than the defined threshold was included in the 
calculation process with the software. The calculated stained area was normalized to the total 
area of the aortic tissue in a respective image yielding a percentage of stained area.  

 

Cytokine array  
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The cytokine assay was carried out in microarray format using validated capture/detection 
antibody pairs (R&D Systems). For each sample, a selected panel of 64 capture antibodies 
was printed as four-replicate sub-array sets on a single nitrocellulose-coated glass slide 
(Supernova Grace Biolabs) using a Quanterix-2470-microarrayer and 185uM printing pins. 
Each sample was incubated overnight with a 64 sub-array slide. After washing and blocking 
steps each slide was clamped onto a multi-chamber gasket and each sub-array was incubated 
with the appropriate biotin-labelled detection antibody. A final incubation with fluorescently 
labelled streptavidin followed by slide scanning using an InnoScan710IR scanner (Innopsys) 
generated array images. Images were analyzed and signals quantified using Mapix software 
(Innopsys). 

 

Transcriptomics  

RNA sequencing was carried out at Novogene Bioinformatics Technology Co., Ltd., in 
Cambridge (UK). According to the manufacturer's protocol, aortic mRNA was isolated using 
the RNeasy Mini kit (Qiagen, Hilden, Germany). RNA sample quality control, mRNA library 
preparation (poly A enrichment), NovaSeq PE150 sequencing (9 G raw data per sample), data 
quality control and basic data analysis were performed by Novogene Bioinformatics 
Technology Co., Ltd., in Cambridge (UK). All analyses of RNA-Seq data were performed 
with CLC genomic workbench 21.0.5 from Qiagen (Hilden, Germany; using the parameters 
provided by the manufacturer. The data (fastq.gz) were imported in the CLC data format 
(.clc). Then the reads were trimmed using the parameter provided by the manufacturer 
(quality score: 0.05; maximum number of ambiguities: 2). These trimmed RNA-Seq data 
were mapped to the murine genome (Mus-musculus; GRCm39) using the parameters 
provided by the manufacturer (Mismatch cost: 2; Insertion cost: 3; Deletion cost: 3; Length 
fraction: 0.8; Similarity fraction: 0.8; Maximum number of hits for a read: 10). Also, the 
parameters used for the calculation of gene expression were used as provided by the program 
(Strand setting: Both; Library type setting: Bulk) and rpkm data [24] were calculated. The 
rpkm data were used for calculation of the fold enhancement of the mRNA expression. The 
differentially expressed genes between groups from single or combined exposures were 
visually represented as volcano plots and the online tool VolcaNoseR [25] was used to 
generate the plots (suppl. Figure S6, S7 and S8). 

 

Bioinformatical analysis of transcriptomic data 

To generate a visual heatmap representation of the clustered matrix the hierarchical clustering 
function in perseus [26] was used. The clusters of highly correlated genes contributing to the 
distinct and combined effects were identified for further analysis. The protein-protein 
interaction (PPI) network was built using an online tool STRING (http://string-db.org/) and 
visualized via Cytoscape software (version 3.9.1; http://cytoscape.org/). KEGG (Kyoto 
Encyclopedia of Genes and Genomes) pathway enrichment analysis was performed using the 
Cytoscape Bingo plugin and MCODE plugin was used for clustering the network. P < 0.05 
was considered statistically significant for KEGG analysis.  
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Statistical analysis 

Where possible, the results are presented as either bar graphs with individual values or bar 
graphs showing mean ± SEM. Two-way ANOVA (with Tukey’s correction for comparison of 
multiple means) was used for comparisons of concentration-relaxation curves. One-way 
ANOVA (with Tukey’s post-hock analysis for comparison of multiple means) or, where 
appropriate, equivalent non-parametric Kruskal-Wallis test (Dunn multiple comparison) was 
used for comparisons of all other data where more than 2 groups were present. T-test was 
used for comparison if only 2 groups were used. All statistical analysis was performed in 
Prism for Windows, version 9. The numerical value of the p-value is either used directly or a 
star signifies a p-value < 0.05, that was considered as statistically significant. The number of 
replicates in the different assays may vary since not all animals were used in all assays. 
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Figure S11. The PM and Noise exposure system. Photograph of the PM and noise exposure 
system with the different parts labelled. Zoom photograph of the exposure chamber. 
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Figure S2. The size distribution of different NIST PM preparations used within this work. For 
each PM preparation, two distributions are shown. The first one is the number distribution, 
where the number of particles are shown on the y-axes and the particle diameter is shown on 
the x-axes. The second one is the mass distribution, where the mass of particles is shown on 
the y-axes and the particle diameter is shown on the x-axes. NIST 1 (SRM 1650b) number 
distribution (A), and mass distribution (B). NIST 2 (SRM 1648a) number distribution (C), and 
mass distribution (D). NIST 3 (SRM 2786) number distribution (E), and mass distribution (F). 
The certificates of analysis found on the NIST website, describe the volume distribution 
(mass distribution of particles) for each preparation. Only the certificate for NIST1 PM 
preparation states that it has a bimodal distribution, while the other two PM preparations do 
not. The clearly multimodal distributions seen in B, D and F are an artefact of low sampling 
rate and of the different sensitivities of the two spectrometers (described below) at their 
respective upper and lower diameter limits. All three preparations could be considered PM2.5. 

 



Kuntic et al. – Combined noise & PM exposure – online supplement  14 

Figure S3. Effects of the combined PM and noise exposure on the vascular oxidative stress. 
Vascular ROS was assessed by dihydroethidium (DHE, 1 µM) fluorescence microtopography 
in aortic cryo-sections. (A) Effect of the NOX inhibitor GSK2795039. (B) Effect of the 
mitochondrial ROS scavenger mitoTEMPO. Representative images show the red fluorescence 
originating from oxidized DHE products. “E” indicates the endothelium. 
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Figure S4. Effects of the combined PM and noise exposure on the vascular function of 
cerebral and retinal microvessels. Vascular function was assessed in cerebral arterioles (A) 
and in retinal arterioles (B). The arteriole vasoconstriction was assessed in the presence of 
U46619 (a synthetic analogue of prostaglandin H2 and activator of the thromboxane A2 
receptor). The endothelium-independent vasoreactivity to U46619 was not affected in any 
exposure group. The statistics was performed from n = 8 (A) and 6 (B). 
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Figure S5. Detailed effects of noise, NIST2 and combined noise+NIST2 on the expression 
levels of various cytokines and chemokines. Discrimination between additive effects of both 
stressors and pure noise or NIST2 effects. Data are mean ± SEM, n = 3. 
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Figure S6. Volcano plots of transcriptomic data in the lung. Effects of PM (NIST2)+noise, 
PM and noise alone are shown. The log2(FoldChange) indicates the mean expression level for 
each gene. Each dot represents one gene; The green dots denote down-regulated gene 
expression, the red dots denote up-regulated gene expression, and the grey dots denote gene 
expression that are not significant. [log2(FoldChange) threshold = ±1, significance p-value 
threshold = 0.5]. 
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Figure S7. Volcano plots of transcriptomic data in the brain. Effects of PM (NIST2)+noise, 
PM and noise alone are shown. The log2(FoldChange) indicates the mean expression level for 
each gene. Each dot represents one gene; The green dots denote down-regulated gene 
expression, the red dots denote up-regulated gene expression, and the grey dots denote gene 
expression that are not significant. [log2(FoldChange) threshold = ±1, significance p-value 
threshold = 0.5]. 
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Figure S8. Volcano plots of transcriptomic data in the aorta. Effects of PM (NIST2)+noise, 
PM and noise alone are shown. The log2(FoldChange) indicates the mean expression level for 
each gene. Each dot represents one gene; The green dots denote down-regulated gene 
expression, the red dots denote up-regulated gene expression, and the grey dots denote gene 
expression that are not significant. [log2(FoldChange) threshold = ±1, significance p-value 
threshold = 0.5]. 
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Figure S9. Heat map of cluster analysis in the lung with detailed KEGG pathways and 
biological processes of selected clusters. Effects of PM (NIST2) alone are shown. Heatmap 
colours indicate scaled data for the defined conditions (branching of the cluster dendrogram). 
The intensities were z-scored and are displayed as colours ranging from green to red as shown 
in the key (n=3). The most enriched KEGG (Kyoto Encyclopedia of Genes and Genomes) 
pathways identified by functional enrichment analysis from an increased cluster with the 
effect of NIST in lung tissue (B), n=3. The protein-protein interaction (PPI) network was 
constructed by the STRING Protein−Protein Interaction Network and visualized via 
Cytoscape software. KEGG pathway enrichment analysis was performed using the Cytoscape 
Bingo plugin and the protein-protein interaction network (PPI) network was grouped into 
relevant protein clusters using the Cytoscape MCODE plugin. P < 0.05 was considered 
statistically significant for KEGG analysis. Each node (coloured dots) represents one gene, 
the edge (lines) indicates the interaction relationship. Significantly enriched biological 
processes were identified for the cluster using Biological Networks Gene Ontology with 
Benjamini and Hochberg multiple testing correction (P<0.05). 
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Figure S10. Heat map of cluster analysis in the lung with detailed KEGG pathways and 
biological processes of selected clusters. Effects of noise+PM (NIST2) are shown. Heatmap 
colours indicate scaled data for the defined conditions (branching of the cluster dendrogram). 
The intensities were z-scored and are displayed as colours ranging from green to red as shown 
in the key (n=3). The most enriched KEGG (Kyoto Encyclopedia of Genes and Genomes) 
pathways identified by functional enrichment analysis from an increased cluster with the 
combined effect of NIST+Noise in lung tissue (B), n=3. The protein-protein interaction (PPI) 
network was constructed by the STRING Protein−Protein Interaction Network and visualized 
via Cytoscape software. KEGG pathway enrichment analysis was performed using the 
Cytoscape Bingo plugin and the protein-protein interaction network (PPI) network was 
grouped into relevant protein clusters using the Cytoscape MCODE plugin. P < 0.05 was 
considered statistically significant for KEGG analysis. Each node (coloured dots) represents 
one gene, the edge (lines) indicates the interaction relationship. Significantly enriched 
biological processes were identified for the cluster using Biological Networks Gene Ontology 
with Benjamini and Hochberg multiple testing correction (P<0.05). 
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Figure S11. Heat map of cluster analysis in the brain with detailed KEGG pathways and 
biological processes of selected clusters. Effects of noise alone are shown. Heatmap colours 
indicate scaled data for the defined conditions (branching of the cluster dendrogram). The 
intensities were z-scored and are displayed as colours ranging from green to red as shown in 
the key (n=3). The most enriched KEGG (Kyoto Encyclopedia of Genes and Genomes) 
pathways identified by functional enrichment analysis from an increased cluster with the 
effect of Noise in brain tissue (B), n=3. The protein-protein interaction (PPI) network was 
constructed by the STRING Protein−Protein Interaction Network and visualized via 
Cytoscape software. KEGG pathway enrichment analysis was performed using the Cytoscape 
Bingo plugin and the protein-protein interaction network (PPI) network was grouped into 
relevant protein clusters using the Cytoscape MCODE plugin. P < 0.05 was considered 
statistically significant for KEGG analysis. Each node (coloured dots) represents one gene, 
the edge (lines) indicates the interaction relationship. Significantly enriched biological 
processes were identified for the cluster using Biological Networks Gene Ontology with 
Benjamini and Hochberg multiple testing correction (P<0.05). 
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Figure S12. Heat map of cluster analysis in the brain with detailed KEGG pathways and 
biological processes of selected clusters. Effects of noise+PM (NIST2) are shown. Heatmap 
colours indicate scaled data for the defined conditions (branching of the cluster dendrogram). 
The intensities were z-scored and are displayed as colours ranging from green to red as shown 
in the key (n=3). The most enriched KEGG (Kyoto Encyclopedia of Genes and Genomes) 
pathways identified by functional enrichment analysis from an increased cluster with the 
combined effect of Noise+NIST in brain tissue (B), n=3. The protein-protein interaction (PPI) 
network was constructed by the STRING Protein−Protein Interaction Network and visualized 
via Cytoscape software. KEGG pathway enrichment analysis was performed using the 
Cytoscape Bingo plugin and the protein-protein interaction network (PPI) network was 
grouped into relevant protein clusters using the Cytoscape MCODE plugin. P < 0.05 was 
considered statistically significant for KEGG analysis. Each node (coloured dots) represents 
one gene, the edge (lines) indicates the interaction relationship. Significantly enriched 
biological processes were identified for the cluster using Biological Networks Gene Ontology 
with Benjamini and Hochberg multiple testing correction (P<0.05). 
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Figure S13. Heat map of cluster analysis in the aorta with detailed KEGG pathways and 
biological processes of selected clusters. Effects of PM (NIST2) alone are shown. Heatmap 
colours indicate scaled data for the defined conditions (branching of the cluster dendrogram). 
The intensities were z-scored and are displayed as colours ranging from green to red as shown 
in the key (n=3). The most enriched KEGG (Kyoto Encyclopedia of Genes and Genomes) 
pathways identified by functional enrichment analysis from an increased cluster with the 
effect of NIST in aorta tissue (B), n=3. The protein-protein interaction (PPI) network was 
constructed by the STRING Protein−Protein Interaction Network and visualized via 
Cytoscape software. KEGG pathway enrichment analysis was performed using the Cytoscape 
Bingo plugin and the protein-protein interaction network (PPI) network was grouped into 
relevant protein clusters using the Cytoscape MCODE plugin. P < 0.05 was considered 
statistically significant for KEGG analysis. Each node (coloured dots) represents one gene, 
the edge (lines) indicates the interaction relationship. Significantly enriched biological 
processes were identified for the cluster using Biological Networks Gene Ontology with 
Benjamini and Hochberg multiple testing correction (P<0.05). 
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Figure S14. Heat map of cluster analysis in the aorta with detailed KEGG pathways and 
biological processes of selected clusters. Effects of noise alone are shown. Heatmap colours 
indicate scaled data for the defined conditions (branching of the cluster dendrogram). The 
intensities were z-scored and are displayed as colours ranging from green to red as shown in 
the key (n=3). The most enriched KEGG (Kyoto Encyclopedia of Genes and Genomes) 
pathways identified by functional enrichment analysis from an increased cluster with the 
effect of Noise in aorta tissue (B), n=3. The protein-protein interaction (PPI) network was 
constructed by the STRING Protein−Protein Interaction Network and visualized via 
Cytoscape software. KEGG pathway enrichment analysis was performed using the Cytoscape 
Bingo plugin and the protein-protein interaction network (PPI) network was grouped into 
relevant protein clusters using the Cytoscape MCODE plugin. P < 0.05 was considered 
statistically significant for KEGG analysis. Each node (coloured dots) represents one gene, 
the edge (lines) indicates the interaction relationship. Significantly enriched biological 
processes were identified for the cluster using Biological Networks Gene Ontology with 
Benjamini and Hochberg multiple testing correction (P<0.05). 
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