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Supplementary Methods 

Conceptual framework for mediation analysis 

The aim of causal mediation analysis is to find out how much of the total effect following 

a well-defined exposure is partly due to an intermediate variable involved in the causal 

pathway (indirect effect). In our mediation framework, the exposure of interest is traffic 

density (TD), which has been shown to be associated with several health outcomes, and 

the intermediate variables we are specifically interested in investigating are the oxidative 

stress (OS) biomarkers GSSG/GSH and MDA.  

In other words, the question is whether the effect of an intervention to change traffic 

exposure on metabolite levels can be explained (i. e. mediated) by oxidative stress, after 

adjusting for confounders. Our conceptual model can easily be presented in the attached 

DAG. 

 

In this DAG, exposure to traffic can cause a situation of oxidative stress through the 

alteration of the redox signal (arrow 1). The alteration of metabolite levels due to 

oxidative stress is well supported based on the epidemiological literature supporting 

oxidative stress biomarkers as being responsible for the alteration of various metabolic 

pathways (arrow 2). In addition, exposure to traffic and other environmental pollutants 

has also been directly associated with changes in metabolomic profile (arrow 3).  However 
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we do not have experimental, but, observational, data. Thus, caution must be made by the readers 

when interpreting our mediation results, which are a secondary analysis in our study.   
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Supplementary Tables 
 
Supplementary Table S1. Median (IQR) NMR-metabolites and oxidative stress markers levels by traffic density categories in Hortega 
Study participants (n = 1181) 
 

      Traffic density in home address 

Group Metabolite Overall  Low Traffic density Moderate Traffic 
density 

High Traffic density 

n (%)   1181 (100) 405 (34) 376 (32) 400 (34) 

Lipoprotein 
profile 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Cholesterol, mg/dL 196 (173 - 223) 192 (173 - 223) 196 (173 - 227) 200 (177 - 223) 

VLDL cholesterol 17.90 (8.58 - 28.81) 16.60 (7.85 - 26.10) 18.43 (9.19 - 30.02) 17.57 (8.95 - 30.52) 

LDL cholesterol 
139.34 (116.18 - 167.31) 

139.61 (116.60 - 
164.01) 

139.10 (114.10 - 166.52) 
139.64 (117.60 - 

168.67) 
HDL cholesterol 68.60 (55.85 - 81.71) 68.11 (55.38 - 80.04) 69.28 (56.17 - 83.15) 68.83 (55.59 - 82.62) 

IDL cholesterol 10.65 (6.72 - 15.412) 9.74 (6.321 - 13.72) 10.88 (7.03 - 15.64) 11.23 (7.09 - 16.089) 

Triglycerides, mg/dL 
150 (106 - 212) 141 (97 - 203) 159 (106 - 221) 150 (106 - 212) 

VLDL triglycerides 81.75 (45.01 - 140.24) 75.80 (43.65 - 131.06) 90.53 (46.30 - 154.38) 79.30 (45.57 - 136.70) 

LDL triglycerides 23.37 (18.80 - 29.16) 22.68 (18.24 - 28.01) 23.54 (18.85 - 29.73) 23.91 (19.49 - 29.77) 

HDL triglycerides 14.25 (10.83 - 18.63) 13.70 (10.54 - 17.37) 15.01 (10.92 - 19.17) 14.55 (11.27 - 18.66) 

IDL triglycerides 12.98 (10.02 - 16.73) 12.18 (9.86 - 16.00) 13.18 (10.17 - 16.98) 13.47 (10.08 - 17.22) 

Lipoprotein particle concentration 

Large VLDL. nmol/L 1.25 (0.72 - 2.28) 1.17 (0.71 - 2.11) 1.43 (0.76 - 2.51) 1.23 (0.68 - 2.24) 

Medium VLDL. nmol/L 6.82 (3.97 - 11.62) 6.50 (3.72 - 11.25) 7.52 (4.21 - 12.51) 6.76 (4.09 - 11.20) 

Small VLDL. nmol/L 52.12 (27.65 - 89.71) 47.61 (26.90 - 82.43) 58.56 (28.85 - 98.67) 50.96 (27.04 - 90.30) 
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  Large LDL. nmol/L 
217.25 (182.62 - 252.95) 

215.66 (184.22 - 
250.62) 

218.16 (180.56 - 251.61) 
219.10 (183.85 - 

255.45) 
Medium LDL. nmol/L 

499.08 (404.95 - 623.47) 
496.12 (409.79 - 

620.42) 
493.85 (393.35 - 634.64) 

505.35 (408.15 - 
627.87) 

Small LDL. nmol/L 
687.92 (563.78 - 857.27) 

686.14 (564.87 - 
837.73) 

707.82 (565.76 - 873.34) 
675.15 (560.68 - 

853.05) 
Large HDL. µmol/L 0.33 (0.28 - 0.38) 0.32 (0.28 - 0.37) 0.33 (0.28 - 0.39) 0.34 (0.29 - 0.39) 

Medium HDL. µmol/L 10.77 (8.80 - 13.03) 10.43 (8.78 - 12.61) 10.88 (8.65 - 13.24) 10.95 (8.88 - 13.07) 

Small HDL. µmol/L 23.50 (19.78 - 27.62) 22.92 (19.70 - 27.28) 24.23 (20.58 - 27.84) 23.62 (9.31 - 27.54) 

Amino acids 
  
  
  
  
  
  
  
  
  
  

Alanine 16.48 (15.75 - 17.03) 16.53 (15.80 - 17.01) 16.44 (15.65 - 17.10) 16.45 (15.79 - 16.98) 

Creatine phosphate 1.65 (1.54 - 1.73) 1.66 (1.57 - 1.733) 1.64 (1.53 - 1.73) 1.65 (1.53 - 1.73) 

Creatine 1.86 (1.74 - 1.96) 1.87 (1.77 - 1.97) 1.85 (1.72 - 1.96) 1.85 (1.73 - 1.94) 

Cysteine 1.40 (1.31 - 1.48) 1.42 (1.33 - 1.50) 1.39 (1.30 - 1.47) 1.38 (1.30 - 1.47) 

Glutamine 7.57 (7.10 - 8.00) 7.59 (7.18 - 8.01) 7.56 (7.06 - 8.04) 7.56 (7.04 - 7.94) 

Proline 9.44 (8.90- 9.90) 9.44 (8.96 - 9.87) 9.44 (8.90 - 9.98) 9.40 (8.87 - 9.861) 

Tryptophan 2.13 (1.94 - 2.34) 2.14 (1.93 - 2.33) 2.15 (1.942 - 2.37) 2.11 (1.95 - 2.31) 

Tyrosine 2.66 (2.48 - 2.80) 2.67 (2.52 - 2.82) 2.65 (2.47 - 2.80) 2.66 (2.48 - 2.79) 

Isoleucine 11.57 (11.16 - 11.86) 11.61 (11.20 - 11.90) 11.55 (11.13 - 11.83) 11.55 (11.15 - 11.83) 

Leucine 10.09 (9.71 - 10.41) 10.12 (9.75 - 10.43) 10.06 (9.67 - 10.39) 10.10 (9.68 - 10.38) 

Valine 10.95 (10.49 - 11.27) 11.03 (10.57 - 11.32) 10.93 (10.47 - 11.26) 10.91 (10.44 - 11.27) 

Inflamation 
marker 

N-acetylglutamine 
9.17 (8.77 - 9.46) 9.20 (8.87 - 9.48) 9.12 (8.7 - 9.47) 9.18 (8.72 - 9.45) 

Fatty acids CH₂CH₂CO 18.53 (17.65 - 19.99) 18.33 (17.53 - 19.67) 18.80 (17.72 - 20.27) 18.69 (17.68 - 19.98) 

CH₂CH₃ 37.90 (36.91 - 39.142) 37.73 (36.69 - 38.83) 38.06 (37.01 - 39.36) 37.92 (36.98 - 39.31) 

CH₂N 
142.45 (129.61 - 159.98) 

138.48 (128.93 - 
155.55) 

144.64 (130.16 - 162.95) 
144.43 (130.86 - 

162.06) 
CH₃ 80.78 (78.46 - 83.04) 81.01 (78.65 - 82.93) 80.73 (78.17 - 83.12) 80.66 (78.53 - 83.10) 
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CHCH₂CH 12.45 (11.92 - 13.09) 12.52 (11.91 - 13.09) 12.35 (11.86 - 13.05) 12.54 (11.96 - 13.15) 

Ethanol 9.11 (8.50 - 9.73) 9.06 (8.51 - 9.79) 9.15 (8.50 - 9.72) 9.10 (8.53 - 9.72) 

Isobutyrate 7.04 (6.68 - 7.30) 7.09 (6.76 - 7.33) 7.00 (6.65 - 7.27) 7.00 (6.62 - 7.29) 

Products of 
bacterial co-
metabolism 

Isopropanol 6.44 (6.07 - 6.78) 6.47 (6.16 - 6.75) 6.4 (6.0 - 6.81) 6.42 (6.03 - 6.78) 

Methanol 0.73 (0.67 - 0.80) 0.74 (0.69 - 0.81) 0.73 (0.67 - 0.80) 0.73 (0.67 - 0.79) 

Trimethylamines 6.47 (6.02 - 6.86) 6.57 (6.17 - 6.95) 6.43 (5.94 - 6.86) 6.43 (6.00 - 6.80) 

Phenylpropionate 13.34 (12.84 - 13.84) 13.34 (12.83 - 13.80) 13.39 (12.79 - 13.89) 13.29 (12.88 - 13.82) 

O-phosphoethanolamine 6.06 (5.69 - 6.38) 6.11 (5.80 - 6.38) 6.02 (5.63 - 6.35) 6.02 (5.67 - 6.38) 

Energy 
metabolism 
  
  
  
  
  
  
  

Glycolisis 

Citrate 4.49 (4.17 - 4.75) 4.54 (4.24 - 4.76) 4.44 (4.13 - 4.76) 4.47 (4.12 - 4.74) 

Lactate 20.13 (17.99 - 23.23) 19.56 (17.72 - 22.50) 20.43 (18.25 - 23.65) 20.48 (18.10 - 23.46) 

Pyruvate 1.78 (1.68 - 1.88) 1.78 (1.70 - 1.88) 1.78 (1.67 - 1.89) 1.78 (1.67 - 1.88) 

Ketone bodies 

Acetate 5.57 (5.30 - 5.78) 5.59 (5.38 - 5.78) 5.56 (5.23 - 5.81) 5.55 (5.24 - 5.75) 

Acetone 6.44 (5.88 - 7.29) 6.33 (5.81 - 7.24) 6.55 (5.95 - 7.34) 6.44 (5.89 - 7.28) 

3-Hydroxybutyrate 7.92 (7.41 - 8.35) 7.93 (7.47 - 8.32) 7.89 (7.38 - 8.37) 7.89 (7.34 - 8.35) 

Fluid balance Albumin 9.55 (8.97 - 10.09) 9.67 (9.13 - 10.15) 9.48 (8.83 - 10.10) 9.51 (8.89 - 9.99) 

Creatinine 3.12 (2.98 - 3.22) 3.12 (2.99 - 3.23) 3.11 (2.97 - 3.22) 3.11 (2.97 - 3.21) 

Oxidative stress 
markers 

Glutathione ratio 
(GSSG/GSH), % 

4.22 (2.62 - 6.27) 4.14 (2.50 - 6.43) 4.22 (2.56 - 6.40) 4.32 (2.86 - 5.98) 

Malondialdehyde (MDA), 
nmol/mmol creatinine 

0.58 (0.34 - 0.82) 0.62 (0.35 - 0.84) 0.53 (0.31 - 0.82) 0.59 (0.35 - 0.81) 

8-oxo-7.8-dihydroguanine (8-
oxo-dG), nmol/mmol 
creatinine 

2.66 (1.96 - 3.66) 2.55 (1.93 - 3.56) 2.66 (1.98 - 3.66) 2.66 (1.97 - 3.66) 

Metabolites previously corrected by fasting time (hours). Except for the lipoprotein subclasses, metabolites were unitless because normalized the spectral vector to the total spectral vector to the total spectral area 
excluding residual water signals to minimize the effects of variable dilution of the sample. The metabolic content is therefore expressed as relative metabolic content.
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Supplementary Table S2. Mean difference (95% CI) of NMR-metabolites comparing the 20th to the 80th percentiles of traffic density-
associated oxidative stress biomarkers. 
 

    Glutathione ratio (GSSG/GSH) Malondialdehyde (MDA) 

Group Metabolite MD (95% CI) p-value MD (95% CI) p-value 

Amino acids Cysteine  0.001 (0.000, 0.001) 0.017 0.005 (0.000, 0.011) 0.070 

Fatty acids CH₂CH₂CO -0.009 (-0.016, -0.002) 0.013 -0.102 (-0.157, -0.047) 0.000 

CH₂N -0.099 (-0.176, -0.023) 0.011 0.070 (-0.556, 0.697) 0.826 

Isobutyrate 0.001 (-0.002, 0.003) 0.675 0.044 (0.019, 0.069) 0.001 

Products of bacterial co-
metabolism 

Trimethylamines 0.006 (0.004, 0.009) 0.000 0.003(-0.003, 0.048) 0.089 

Energy metabolism Acetate -0.002 (-0.003, 0.000) 0.035 0.005 (-0.005, 0.016) 0.301 

Fluid balance Albumin 0.006 (0.003, 0.009) 0.000 0.023 (-0.003, 0.048) 0.089 

The dependent variable were the traffic density-related metabolites. The mean difference is the linear regression coefficient for traffic density related oxidative 
stress biomarkers from Table 2. Model was adjusted for age, sex, education, BMI, smoking status, cigarette packages per year, alcohol intake, urine cotinine 
levels, physical activity per week, triglycerides and lipid-lowering medication.
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Supplementary Table S3. Differences in traffic density-related NMR-metabolites attributable to differences in oxidative stress biomarkers ('mediated 
effects') in the Hortega Study (N=1181). 
 

    GSSG/GSH MDA 

Plasma Metabolite Total Effect Mediated effect Percent explained, % Mediated effect Percent explained, % 

Cysteine -0.010 (-0.019, -0.001) 0.000 (-0.000, 0.001) -3,76 (-28.60, 3.98) -0.001 (-0.020, 0.000) 10.90 (-2.14, 60.22) 

CH2CH2CO 0.139 (0.018, 0.256) -0.007 (-0.019, 0.001) -2.40 (-23.41, 0.88) 0.014 (0.003, 0.032) 21.88 (0.19, 59.24) 

CH2N 1.736 (0.412, 3.123) -0.060 (-0.182, 0.026) -4.43 (-19.96, 1.99) -0.019 (-0.154, 0.104) -1.50 (-15.05, 8.52) 

Isobutyrate -0.038 (-0.0727, -0.005) 0.001 (-0.001, 0.003) -3.14 (-17.34, 6.06) -0.006 (-0.012, -0.002) 20.48 (2.26, 83.97) 

Trimethylamines -0.060 (-0.107, -0.017) 0.004 (-0.000, 0.010) -8.68 (-31.74, 0.42) -0.003 (-0.008, 0.001) 5.92 (-1.78, 19.89) 

Acetate -0.020 (-0.050, 0.010) -0.001 (-0.004, 0.000) 9.75 (-40.90, 74.21) 0.001 (-0.004, 0.002) 1.45 (-74.40, 49.34) 

Albumin -0.066 (-0.127, -0.010) 0.0032 (-0.001, 0.010) 5.56 (-26.65, 2.98) -0.002 (-0.008, 0.004) 4.06 (-8.35, 27.54) 

Mediated effects are calculated based on the counterfactual framework, i.e. leaving the exposure constant and substracting the NMR-metabolites units with 
oxidative stress biomarkers fixed to the value they would take when exposed to the 80th percentile of traffic density to the NMR-metabolites units with oxidative 
stress biomarkers fixed to the value they would take when exposed to the 20th percentile of traffic density  [Y (E, M(e)) – Y [E, M(e*)), being e the 80th 
percentile of traffic density and e* the 20th percentile]. Mediated percentages are calculated as the rate between the mediated effect and the total effect. Model 
adapted from Jerolon et al. 2021. Selected metabolites were adjusted for age, sex, education, BMI, smoking status, cigarette packages per year, alcohol intake, 
urine cotinine levels, physical activity per week, triglycerides and lipid-lowering medication. We normalized the spectral vector to the total spectral area 
excluding residual water signals to minimize the effects of variable dilution of the sample. The metabolic content is therefore expressed in relative metabolic 
content (unitless). 
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Supplementary Figures 
 
Supplementary Figure S1. Network view for the Enriched Metabolite Sets adapted from MetaboAnalyst 5.0. Each node represents a 
metabolite set with its colour based on its Raw p-value, and its size is based on fold enrichment (hits/expected metabolites). Two metabolite sets 
are connected by an edge if the number of their shared metabolites is over 25% of the total number of their combined metabolite.  
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Supplementary Discussion 

 
Supplementary Findings 1: Bioinformatic exploration of traffic and redox-related metabolic 
pathways. 
 

Several pathways related to amino acids, carbohydrates and co-factors metabolism were identified 

in enrichment analysis (Table 3). The most enriched pathway was Pantothenate and CoA biosynthesis. 

Pantothenate and CoA levels have been linked to mitochondrial function and energy metabolism. In cell 

physiology, pantothenic acid (B5) is a precursor in the synthesis of coenzyme A and is also essential for 

alpha-ketoglutarate and pyruvate dehydrogenase complexes, as well as for mitochondrial energy 

metabolism [1]. Coenzyme A (CoA) is an essential cofactor that plays a central role in numerous metabolic 

pathways such as fatty acid oxidation, ketogenesis, fatty acid biosynthesis, amino acid metabolism, among 

others [2]. Studies have shown that alteration of this metabolic pathway is associated with the onset and 

development of degenerative disorders, as well as cellular necrosis and apoptosis processes induced by 

cholesterol oxidation [3,4].  

Interestingly, in our enrichment analysis, the most over-represented metabolites cysteine and valine 

were associated to the pathway of pantothenate and CoA biosynthesis, both of which appear decreased in 

the subjects most exposed to traffic density. experimental study conducted in 2018 with human epidermal 

keratinocytes studied the effects of a pantothenic acid derivative on an environmental pollutant that 

generates reactive oxygen species (ROS), responsible for oxidative stress. The study showed that the 

derivative reduced cell damage by stimulating the intracellular defence system against ROS [5]. 

The second most enriched pathway was the glycine, serine and threonine metabolism, which is 

involved in multiple biochemical processes, including protein synthesis or energy production [6,7]. In our 

enrichment analysis, cysteine and creatine were the most represented metabolites associated to this pathway 

and whose levels were decreased in the most traffic-exposed subjects. Literature links exposure to heavy 

metals or oxidative stress with an overexpression of Akt kinase, an important regulator of fuel metabolism 
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that requires glycine and serine for its proper function [8]. Therefore, it is to be expected that in a situation 

that generates oxidative stress the amino acid levels involved in this metabolic pathway and in the synthesis 

of Akt kinase are decreased, as is the case in our analysis of creatine and cysteine. 

Another enriched pathway was aminoacyl-tRNA biosynthesis, which binds amino acids to transfer 

RNA (tRNA) and thus contributes to protein synthesis and peptide chain elongation [9]. This pathway was 

associated to the levels of cysteine and valine, lower plasma levels of this metabolites were associated to 

higher traffic density exposure. There is evidence that links the disruption of this metabolic pathway to the 

onset and development of cardiac and metabolic diseases as well as the progression of certain tumours such 

as breast cancer [10,11]. Although there is scarce literature that has evaluated the relationship between the 

alteration of this pathway to the exposure to traffic density, a cross-sectional study carried out in 2008 

showed a strong epidemiological association between exposure to environmental pollutants and the 

development of insulin-resistant diabetes through the alteration of protein synthesis and the regulation of 

lipid metabolism [12]. An experimental study conducted in Japan with rat cells found that exposure to 

certain environmental pollutants disrupted tRNA biosynthesis [13].  

Other mitochondrial energy-related pathways, such as Pyruvate metabolism and 

Glycolysis/Gluconeogenesis, were identified in the enrichment analysis. Both pathways are closely related, 

as they are opposing processes that regulate glucose levels in the body. Pyruvate plays an essential role in 

central carbon metabolism. It is generated from various sources, such as lactate oxidation, alanine 

transamination or as a terminal product of glycolysis. Disruption of its metabolism has been shown to play 

a role in the development of diseases such as cancer, neurodegenerative disorders and cardiac pathologies 

[14].  

Another enriched pathway was Glyoxylate and dicarboxylate metabolism, involved in carbohydrate 

biosynthesis from fatty acids or CoA-containing precursors [15]. The metabolite acetate was the most 

represented metabolite linked to this pathway, being inversely associated with traffic density exposure. 

Studies have shown the effects of exposure to environmental pollutants on these metabolites levels, but no 
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clear association has been established. One study in mice looked at the effect of PM2.5 exposure on their 

metabolome and found that the most exposed mice had alterations in energy metabolism, including 

dysregulation of the glyoxylate and dicarboxylate pathway [16]. 

 
Supplementary Findings 2: Biological implications of most connected nodes. 
 
 
Among the nodes with most interactions and highest MI score, which represents the degree of confidence 

for the interactions, potentially interesting information can be retrieved.  

The FARS2 gene encodes for the enzyme aminoacyl-tRNA synthetase and its deficiency has been 

associated with numerous mitochondrial diseases [17]. Alterations in its expression have been associated 

with oxidative stress [1]. This protein was found to have the highest number of interactions in the network. 

Within this network, the interactions with the highest MI score were to APPL1 and CALCOCO2 proteins. 

APPL1 plays a central role as a contributor to adiponectin and insulin signaling, its expression is altered in 

response to numerous stimuli [18]. Although the effect of traffic density on its expression has not been 

studied, it is known that exposure to PM2.5 increases insulin resistance and promotes metabolic 

dysfunction, so that APPL1 expression might be expected to be altered in these situations [19]. In addition, 

our Metabolite Enrichment Analysis shows that the central pathway of carbohydrate metabolism is altered 

at high traffic density exposures. Whereas CALCOCO2 is an autophagy receptor that causes mitochondrial 

damage under oxidative stress by promoting mitophagy [20,21]. 

The second protein that shows the most interactions in the resulting network is GLYCTK, which 

codes for a kinase involved in numerous metabolic pathways such as Pentose phosphate pathway; Glycine, 

serine and threonine metabolism or Glyoxylate and dicarboxylate metabolism [22], the latter two associated 

with traffic. A study conducted in Arabidopsis thaliana Columbia ecotype seeds showed that herbicide 

exposure led to oxidative stress through, among others, alteration of the pentose phosphate pathway [23]. 

TRIP13, DTX2 and GOLGA2 shown the strongest interactions with this GLYCTK. The protein is involved 

in several cellular processes, including cell cycle regulation and DNA repair [24]. Environmental stressors 
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such as UV radiation or cellular stress have been shown to overexpress TRIP13 [25]. DTX2 plays an 

important role in post-transcriptional modifications of proteins, as well as in other pathways such as the 

Notch signalling pathway, overexpression of which leads to oxidative stress [26]. GOLGA2 is a golgin, a 

protein localized in the Golgi apparatus involved in its maintenance and vesicular transport. Although is 

not clearly linked to oxidative stress, its being associated with autophagosome formation with is usually 

linked to oxidative damage and stress conditions [27]. 

Another MSEA protein that has shown a large number of interactions is ALAS1, which is involved 

in heme group synthesis and normal mitochondrial function [28]). Consistent with our results, a study in 

rats showed that exposure to a toxic environmental pollutant (2,3,7,8-tetrachlorodibenzo-p-dioxin) resulted 

in suppression of ALAS1 [29]. The strongest interaction with this node was with the DUSP19 protein, a 

dual-specificity phosphatase involved in the regulation of numerous biological processes, such as cell 

differentiation or the response to oxidative stress through activation of the MAPK signalling cascade [30]. 

Research conducted in 2020 on male mice showed that exposure to microplastics generates oxidative stress 

through activation of this pathway [31]. A highly significant interaction was also observed between ALAS1 

and CDC73, a protein part of the transcriptional machinery and whose alteration has been associated with 

diseases of the parathyroid gland, such as primary hyperparathyroidism (PHPT) [32]. A study carried out 

in Poland looked at the presence or absence of oxidative stress in 52 patients with PHPT and concluded 

that there was an increase in reactive oxygen species [33]. These results are consistent with the obtained 

network and the interactions found between these three proteins ALAS, DUSP19 and CDC73. 

The ALPP protein also has a large number of interactions, which has an important role in 

phosphorus and calcium metabolism and its expression can be altered by certain environmental pollutants 

such as tobacco smoke [34,35]. The strongest interaction was with KRTAP5-9, which is involved in the 

formation and maintenance of hair structure [36]. However, there is no scientific evidence available that 

has studied its association with oxidative stress or exposure to environmental pollutants. Interaction is also 

observed between ALPP and another protein from the same family as the previous one, KRTAP1-1. In the 
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network we also found that KRTAP1-1 interacts with MT1B, a protein associated by Gelain to oxidative 

stress. It plays important roles in protection against heavy metal toxicity, DNA damage and oxidative stress. 

The protein is part of the metallothionein family, which has been associated with tumour formation and 

progression [37]. A study of 218 lung cancer patients associated environmental exposure to chromium with 

alterations in MT1B expression [38], among other genes. KRTAP1-1, in addition to ALPP, also interacts 

with AGXT, which plays an important role in the metabolism of glyoxylate [39], one of the pathways 

associated with traffic in our analysis. In the network, it showed a high confidence interaction with PEX5, 

which is to be expected as both are known to be involved in the function of the peroxisome, involved in the 

metabolism of reactive oxygen species [40]. 

Finally, the peroxidase GPX7 is the only common protein among the enriched pathways and the 

oxidative-stress related proteins that remains after the network curation. GPX7 has a known role in the 

maintenance of redox homeostasis and experimental animal studies have shown that alteration of its 

expression can lead to various pathological conditions such as neurodegeneration and carcinogenesis 

[41,42]. No studies have evaluated its role in traffic exposure. 
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