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Abstract

Human exposure to airborne PM,s has been linked “to increased risk of
respiratory and cardiovascular diseases, possibly< via_ activation of systemic
inflammation. However, associations between . airborne” PM,s and systemic
inflammation in humans remained inconclusive. The traffic related air pollutants
(TRAPs) are the major source of PM, s in urban areas; the adverse health effect of
PM, s from TRAPs is currently a critical issue of public concern. The present
cross-sectional study aimed to examine the relationship between PM; s exposure and
systemic inflammation for considering health” impacts of TRAP PM,s on urban
traffic conductors. All study participants, i.e., office policemen (the reference) and
traffic conductors (the exposure); were requested to carry a personal sampler to
determine individual PM; s exposure. An adenovirus-based NF-«kB luciferase reporter
assay was used to determine proinflammatory activity in serum samples collected
from_the study participants, The ‘blood proinflammatory activity was presented as
tumor necrosis factor-o (TNFa) equivalence (TNFa-EQ)., which was extrapolated
from_the sigmoidal semi-logarithmic dose-response curve of NF-kB reporter
assay by TNEa. Levels of both personal PM, 5 exposure and blood proinflammatory
activity (TNFa-EQ) in the exposure group (traffic conductors) were significantly
higher than thatin the reference group_(office policemen) (p < 0.05). The present
study  revealed” a positive and _significant association between personal PM,s
exposure_levels and blood TNFa-EQ levels, in a linear regression model of y =
0.511x =3.062 (v = log TNFo-EQ and x = log PM,5) (R = 0.231 and p = 0.047);
the result suggests that exposure to TRAP PM,s significantly contributes to the
inereased systemic inflammation in humans. The study provides clear evidence that
long-term occupational exposure to TRAPs causes adverse health impacts, i.e.,
inflammation, on traffic conductors.

Keywords: Air Pollution; Health Effects/Risks; Human Exposure; Personal Exposure;
Toxicology.
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INTRODUCTION

For over decades, particulate matter (PM), particularly fine PM, has been
identified to have marked contribution to air pollution. Upon inhalation, PM tends to
accumulate in human respiratory tract and thus is classified as a severe health hazard
(Bilal et al., 2017; Cai et al., 2017; Morales Betancourt et al., 2017). According to.US
Environmental Protection Agency (EPA) (2016), PM, s is the fine particle with a
diameter of 2.5 micrometers or less, such as the emissions from construction.sites,
unpaved roads, smokestacks, fire, and vehicles. Both toxicological and clinical studies
revealed that acute exposure to high levels of PM led to“immediate physiological
changes (Osornio-Vargas et al., 2003; Chow et al., 2015; McGrath et al., 2017). The
peak concentration of air pollutants in the transportation environment could be up to
three times higher than that in the background (Morales Betancourt et al., 2017).
Therefore, traffic related air pollutants (TRAPS) may cause significant health impacts
especially on those with routine.exposure, e.g., drivers, commuters, and traffic
conductors.

Atmospheric PM, 5 has been recognized as one of the major air pollutants in
urban areas because of’its influence on public health, visibility deterioration, and
global climate change (Liang ef al., 2015; Chew et al., 2016; Li et al., 2016). PM; s
emission from internal combustion engines represents a major source of TRAPs in
urban areas with heavy traffic (Matawle, 2015; Lu et al., 2016; Tseng, 2016; Fan et
al., 2017; Fujitani et al., 2017). It was found that the PM; s-bound pollutants included
polycyclic aromatic hydrocarbons (PAHs), carbonaceous species, heavy metals,
carbon black, and halogen persistent organic chemicals (e.g., polybrominated
diphenyl ethers (PBDEs)) in heavy-traffic areas (Chen et al., 2016; Chao et al., 2016;
Wang et al., 2018). Importantly, there is evidence that airborne PM of TRAPs is
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linked to increased levels of inflammatory response (Kannan et al., 2006; Ritz and
Wilhelm, 2008; Liu et al., 2017).

Epidemiological studies have demonstrated an increased risk of pulmonary
disease, lung cancer, cardiovascular disease, or DNA damage in humans with
long-term exposure to airborne PM, 5 (Pope et al., 2002; Vinzents et al., 2005; Miller
et al., 2007; Cao et al., 2012; Chu et al., 2015; Wang et al., 2015). During cold
weather, high levels of outdoor PM, s were associated with increased emergency visits
for cardiovascular and respiratory diseases, particularly hypertension, heart failure,
and asthma (Rodopoulou et al., 2015). Results from animal model studies revealed
the activation of lung inflammation in response to atmospheric PM (Mantecca et al.,
2010) or PM; s collected in a residential area (Park ef a/., 2011). Upon inhalation,
PM, 5 is more capable than PM,, of reaching distaliregions of the lung, where PM; s
may trigger the inflammatory response (Osornio-Vargas et al., 2003; Ferguson et al.,
2013).

Epidemiological studies have also revealed the association between TRAPs and
systemic inflammation. Occupational exposure of taxi drivers with air pollutants
resulted in elevated levels of proinflammatory cytokines, e.g., TNFa, in blood
(Brucker“et al., 2013). Effects of PM,s/PM;s-bound chemicals on activation of
systemic inflammation were observed in urban residents (Liu et al., 2017; Wang et al.,
2018).;.However, it was also noted that some epidiological results did not support the
idea that TRAPs could cause inflammation. A study in healthy adults in commuting
indicated that TRAPs exposure was not consistently associated with acute changes in
serum inflammation markers, i.e., IL6, IL8, TNFo, and C-reactive protein (CRP)
(Zuurbier et al., 2011). Another study in highway maintenance workers suggested that

PM, 5 exposure was positivly associated with CRP, but was negatively associated with
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TNFa (Meier et al., 2014). Moreover, short-term diesel exhaust exposure caused no
significat effects on proinflammatory cytokines (i.e., IL6 and TNFa) in healthy adults
(CIliff et al., 2016). Indeed, exposure scenarios of TRAPs, such as dosage, exposure
duration, pollutant types, etc., may partly explain the difference of these studies.
Importantly, plasma samples collected from human volunteers with diesel exhaust
exposure were demonstrated to enhance inflammatory gene expreesion in vitro,
suggesting the elevated proinflammatory factors in circulating (Channell‘ez al., 2012).
Therefore, improving measurement of the fotal proinflammatory activity, instead of a
selected proinflammtory marker or a panel of inflammatory cytokines, in blood
samples is a promising alternative to further justify the finding.

In the present cross-sectional study in traffic conductors (the exposure) and
office policemen (the reference), personal’ airborne PM;s sampling and an
adenovirus-based NF-kB luciferase.reporter.-assay were used to determine the
individual PM,s exposure and. the tofal proinflammatory activity in blood,
respectively. Results of the study clearly demonstrated the association between
personal PM,s exposure and’ systemic proinflammatory activity in humans with

occupational exposure to TRAPs.

METHODS

Study participants

The cross-sectional study was designed in this research. Study participants were
invited to have a health examination survey of the Taipei polices (HESTP) from April
2009 to June 2011. The HESTP cohort information was previously described in detail
(Huang et al., 2012; Huang et al., 2013). Briefly, there was a total of 144 participants
in the HESTP cohort, including 91 traffic conductors as the exposure group (case) and
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53 indoor office policemen as the reference group (control), at ages between 20 and
63 years old. The HESTP cohort were healthy and had been in their current job for
more than 3 months. With their agreement, the HESTP cohort were required to
complete self-administered questionnaires (including demographic parameters,
lifestyle, smoking/drinking habit, and disease history), to undergo health examination,
and to collect urine and serum samples.

The present study participants were selected using convenience sampling. As

summarized in Table 1, Population 1 (N = 115), i.e., 69 traffic conductors (the

exposure group) and 46 office policemen (the reference group), was sampled

from the HESTP cohort. Population 2 (N = 75), i.e., 35 traffic conductors (the

exposure group) and 40 office policemen (the reference group), was sampled

from the Population 1. The study protocol'was:reviewed and approved by the

Institutional Review Board of the Human Ethical Committees in National Health
Research Institutes, Taiwan in 2009. Ethical standards formulated in Declarations of
Helsinki in 1964 and revised in. 2008 (sixth revision) were followed. The informed
consent was written by the. participants after receiving detailed explanation of the
study and potential consequences prior to enrollment (Huang et al., 2012; Huang et
al., 2013):

Airborne PM; s sampling and personal PM s exposure determination

Following the standard method by United States Environmental Protection

Agency (US EPA) (EPA Method IP-10A), personal airborne PM;s sampling was
conducted to determine individual PM,s exposure in the daily work shift as
previously described (Huang et al., 2012). Briefly, the Personal Environmental
Monitor (PEM) (761-203) (SKC Inc., PA, USA), with a 2.5-pm single-stage impactor
for PM;, s air sampling, was connected to a Gilian GilAir 5 pump (Sensidyne Inc.,
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Clearwater, FL, USA); before each test, the pump was calibrated at a flow rate of 2
liter min™. For airborne PM, 5 sampling, the study participants were equipped with a
PEM for 9-10 working hours per day. Airborne fine particulate (PM;s) was collected
on a 2.5-um 50%-cutting-size Teflon filter (37 mm diameter) (Biotech Line, Lynge,
Denmark). To reduce sampling bias, the Teflon filters were conditioned in “a
temperature/humidity-controlled space (before and after each sampling)< before
weighing on a Micro Balance MT5 (Mettler-Toledo, Glostrup, Denmatk). Personal
PM,; 5 exposure (ug m> ) was defined as the collected PM, s mass_on the filter divided
by the sampled air volume.
Reagents and cell culture

RPMI medium 1640, fetal bovine serum (FBS) (10091-148), and
penicillin/streptomycin  (15140-122) were ' purchased from Gibco/Invitrogen
(Carlsbad, CA, USA). Sodium bicarbonate (S5761) was from Sigma Aldrich and
tumor necrosis factor-o (TNFa).(1371843) was from Roche. Human promonocytic
leukemia HL-CZ cells (BERC-60043) was purchased from Bioresource Collection
and Research Center(BCRC) (Hsinchu, Taiwan). HL-CZ cells were cultured in RPMI
supplemented with 10% FBS, 1% penicillin/streptomycin, and 1.5 mg ml" sodium
bicarbonate.
Adenovirus-based NF-kB luciferase reporter assay

Blood samples were collected from the study participants within half an hour
after the end of a work-shift on two consecutive days. Following centrifugation,
serum was collected and kept at -20°C until use. NF-kB luciferase reporter assay was
performed by using the recombinant adenovirus AdV-NFxB-Luc as previously
described in detail (Tsou ef al., 2011). Briefly, HL-CZ cells (1 x 10* cells per well in

96-well plates) were infected with AdV-NFkB-Luc at multiplicity of infection (MOI)
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of 0.2 pfu cell”! for 16 hours. Then, the infected cells were treated with serum samples
or different levels of TNFa for 6 hours. Luciferase activity was determined with the
Luciferase Assay System (Promega, Madison, WI, USA) according to the
manufacturer’s instructions.
Data and statistical analysis

Experimental data were presented as means =+ standard error (SE). Both personal
PM; 5 exposure and blood proinflammatory activity levels were compared between
reference and exposure groups by the non-parametric Mann-Whitney U'test due to the
non-normal distribution of data. P-values less than 0.05 were considered statistically
significant. After logarithmic transformation, levels of personal PM,; s exposure and
blood proinflammatory activity were fitted into a normal (Gaussian) distribution for
correlation analysis. All statistical analyses were earried out with the IBM SPSS

Statistics 21.0 (IBM Corp., Armonk, NY, USA).

RESULTS AND DISCUSSION

Descriptive analysis of demographic characteristics of study participants
Descriptive analysis of demographic characteristics of study participants was
summarized in Table 1. In Population 1 (N = 115), the mean ages of the exposed and
reference groups were 48.9 and 42.8 years old, respectively; in Population 2 (N = 75),
the mean ages of the exposed and reference groups were 47.5 and 42.6 years old,
respectively. In Population 1, body mass index (BMI) of the exposure group (25.1 kg
m'z) was significantly lower than that of the reference group (29.1 kg m'z); in
Population 2, BMI of the exposure group (25.0 kg m™) was significantly lower than
that of the reference group (29.1 kg m™). Gender was significantly different between
the exposed and reference groups, with 74.3% to 75.4% of male in the exposure group
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and 77.5% to 78.3% of female in the reference group. In both Population 1 and
Population 2, the reference group had higher education levels than the exposure group
(»<0.001); no significant difference was observed in smoking habit, cooking habit,
drinking alcohol, and vitamin supplement consumption between the two groups.
Regarding the variables listed in Table 1, no significant difference was detected
between Population 1 and Population 2 and both Populations showedsimilar
characteristics with the previous HESTP cohort studies (Huang et al., 2012; Huang et
al., 2013).

Establishment of a dose-response curve of NF-kB luciferase activation by TNFa

NF-kB, a pivotal transcription factor of inflammatory responses, regulates

multiple aspects of innate and adaptive immune functions. Recent in-vitro

evidence revealed the cause-effect relationship between PM, s and inflammatory

responses, where PM, 5 treatments induce gene expression of NF-kB family and

activate NF-kB signaling (Dou et al., 2018: Marano et al., 2002: Zhang et al.,

2018). In this study., an adenovirus-based NF-kB luciferase reporter assay (Tsou

et _al, 2011) was adopted to determine the fotal proinflammatory activity in

serum _samples collected from the study participants. Because NF-kB

transcription factors responds to most proinflammatory stimuli, the NF-kB

luciferase reporter assay provides a superior alternative to the conventional

ELISA, which allows detection of only one or a panel of selected cytokines.

First of all, the responsiveness of the NF-kB luciferase reporter assay to

proinflammatory stimuli was validated by using TNFo, a multifunctional

proinflammatory cvtokine, i.e., a positive mediator of inflammation. The

AdV-NF«B-Luc-infected HL-CZ cells were treated with TNFa (0, 0.003, 0.01, 0.03,

0.1, 0.3, 1.0, and 3.0 pg ml™) for 6 hours and then luciferase activity was determined.
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Results in Fig. 1 summarized the dose-dependent activation of NF-xB luciferase
reporter gene by TNFoa; the sigmoidal semi-logarithmic dose-response curve
(R*>0.95, p<0.001) was fitted by using a non-linear equation, y = ag+ (co- ao)/(1 +
10110gECS0 -2y (gee figure legend for details). The relative standard deviations (RSD)
from triplicate measurements in each test was below 20%. The limit of detection

(LOD) for TNFa was 0.00087 pg ml™”, as defined by 3 times SD above the average

RLU value of the zero standard. It was noted that the LOD of our NF-kB reporter

assay was lower than those of the enzyme-linked immunosorbance assay

(ELISA) (Dieme et al., 2012; Brucker et al., 2013; Hiils et al, 2017; Zhou et al.,

2017). Taken together, the results suggest that the NF-kB luciferase reporter

assay is very sensitive to proinflammatory stimuli. Moreover, with TNFa as a

reference proinflammatory cvtokine, the reporter assay was used thereafter to

determine the total proinflammatory activity in serum samples collected from

the study participants.

Personal PM 5 exposure and blood proinflammatory activity

Taxi drivers are constantly exposed to TRAPs, a heterogenecous mixture of
hazardous chemicals, and have been demonstrated to have significantly higher levels
of proinflammatory biomarkers, such as TNFa, in blood (Brucker et al., 2013). For
the present HESTP cohort, we used personal airborne PM; s sampling to determine
individual PM; 5 exposure and NF-kB luciferase reporter assay to determine the blood
proinflammatory activity. It was of importance that the personal sampling and the
reporter assay in the present study provided high-quality data of the PM; s exposure
and the total proinflammatory activity, respectively, of each study participant for
further analysis.

Results in Fig. 2 (A) indicated that the personal PM,; s exposure of the exposure
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group (150 = 15.4 g m™) (mean + SE) was significantly higher than that of the
reference group (82.0 + 4.53 pug m™) (p < 0.001). A previous study in the same
HESTP cohort revealed that the median values of PM,s (82.9 pg m'3) and
PM, s-bound PAHs (13.1 ng m™) of the exposure group were significantly higher than
that of the reference group (PM,s= 70.8 ug m™ and PAHs = 8.24 ng m™); in the
exposure group, a statistically significant positive correlation between the personal
PM; s exposure and the PM,s-bound PAHs was observed (R = 0.42; p < 0.001)

(Huang et al, 2012). The NF-kB luciferase reporter assay was used here to

determine fotal proinflammatory activity in blood samples. The resulted

induction of NF-kB activity (RLU) by blood samples was converted into TNFa

equivalence (TNFo-EQ) (pg ml'l) with the equation shown in Fig. 1. The blood

proinflammatory activity in the exposure group, (010302 = 0.0048 pg ml” TNFa-EQ)
(mean + SE) was significantly higher than that of the reference group (0.00440 +

0.000800 pg ml" TNFa-EQ) (p.<.0.001)(Fig. 2 (B)). For example, blood samples

with proinflammatory activity of 0.1 pg ml! TNFa-EQ could induce the same

levels of NF-kB luciferase activity as 0.1 pg mlI"" TNFa. Results in Fig. 2 together

showed that the exposure group exhibited higher levels of PM; s exposure and blood
proinflammatory, activity than the reference group, suggesting the potential positive
association between TRAPs (i.e., PM,s) and systemic inflammation (i.e., NF-xB
luciferase activity or TNFa-EQ).
Associations between blood proinflammatory activity and personal PM; s exposure
However, it was noted that both personal PM,s exposure and blood
proinflammatory activity levels exhibited a non-normal distribution (Figs. 3(A) and
3(B)). Following logarithmic transformation, both results were shown in Figs. 3(C)

and 3(D). The normality of data in Fig. 3 was assessed with skewness and kurtosis as
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previously described (Kim, 2013), where data were considered as a normal
distribution when both Zgewness and Ziurosis Scores were between -3.29 and 3.29. The
skewness, kurtosis, and Z scores of both PM; s and blood proinflammatory activity
(TNFa-EQ) before and after logarithmic transformation were summarized in Table 2.
Clearly, the log-transformed data of both PM, 5 exposure (Zskewness = 2.29 and Zyysosis
= 1.61) and blood TNFa-EQ (Zskewness = -0.390 and Zyytosis = -1.903) were considered
as a normal distribution.

Results in Fig. 4 revealed a statistically significant positive association between
blood proinflammatory activity and personal PM,; exposure after logarithmic
transformation. The relationship between log TNFa-EQ and log PM, 5 was fitted into
the linear equation y = 0.511x - 3.062 (y = log TNFa-EQ and x =log PM;s), with R =
0.231 and p = 0.047. As the scatterplot, summarized in Fig. 4, most data in the
exposure group were above the regression line, whereas most data in the reference
group were below the line. The present finding supports the idea that TRAPs is able to
cause systemic inflammation in urban traffic conductors.

TNFo has been‘used as a biomarker to evaluate proinflammatory response by
PM, 5 exposure both in vitro and in vivo. PM;s exposure markedly induced the
expression .and release of TNFa in culture cells (Dieme ef al., 2012; Liu et al., 2014;
Pardo et al, 2015; Pope et al., 2016;Yan et al., 2016; Niu et al., 2017). In rodents
with PM, s exposure, increased TNFa levels were detected in blood circulation,
hippocampus, and prefrontal cortex (Li et al., 2015; Hu et al., 2017; Li et al., 2018).
Therefore, the NF-xB luciferase activity in this study was converted to TNFa-EQ for
evaluation of proinflammatory activation in response to TRAPs. In the process, the
PM,; s-bound metals (Dieme et al., 2012; Liu et al., 2014; Pardo et al., 2015; Yan et

al., 2016) and PAHs (Dieme et al., 2012; Niu et al, 2017) could be the active

12
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components for TNFa induction.

TRAP PM; s-bound chemicals contributed to the formation of reactive oxygen
species (ROS)-related biomarkers (i.e., 8-oxo-7,8-dihydroguanine (8-oxodG) and
1-hydroxypyrene glucuronide (1-OHPG)) and activation of inflammatory mediators
(i.e. interleukin 6 and TNFa) (Zuurbier et al., 2011; Brucker et al., 2013; Meier et al.,
2014; CIiff et al., 2016; Dai et al., 2018; Hiils et al., 2017). Our previous studies in
HESTP cohort revealed that PM,s-bound PAHs were significantly cotrelated with
both 1-OHPG (a PAH metabolite) and 8-oxodG (an oxidative"DNA’ damage
biomarker) in urine (Huang et al, 2012), and urinary 8-0xodG was significantly
associated with urinary levels of cadmium and 1-OHPG. (Huang et al., 2013). The
present study in healthy adults with occupational TRAPs exposure indicated that the
personal PM; 5 exposure was significantly associated-with the blood proinflammatory
activity (TNFa-EQ). Moreover, it.is noted that NF-xkB is a redox-sensitive
transcription factor involved in regulating metabolism gene expression in response to

heavy metal exposure (Korashy.and El-Kadi, 2008). These studies together suggest

that cellular metabolism of PM, s-bound pollutants, e.g., heavy metals and PAHs,

from TRAPs mav contribute to the induction of proinflammatory cytokine genes

via ROSproduction and/or NF-kB activation. Results of previous (Huang et al.,

2012; Huang et al., 2013) and present studies in the HESTP cohort highlight the

finding that long-term occupational exposure to TRAPs is able to cause adverse

health impacts, e.g., inflammation and oxidative stress, on traffic conductors.

The limitations of this study are mentioned here for further consideration of

research. Firstly, the PM, 5 levels collected by personal samplers of both exposure

and reference groups in the present study were pretty hish. When the airborne

PM, s levels meet the indoor air quality standards (IAQs), the present NF-kB
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luciferase reporter system may not be sensitive enough to differentiate the

difference of blood proinflammatory activity between exposure and reference

groups. Secondly, PM-bound chemicals of different characteristics may activate

different biological responses: therefore, chemicals of PM,s emitted from the

other sources may not be able to activate NF-kB as well as those of TRAP PM, ;.

Thirdly, convenience sampling, instead of random sampling, was used for

recruiting the study participants in the present study.

CONCLUSIONS

The study in traffic conductors (the exposure).and office policemen (the
reference) revealed that the exposure group exhibited elevated levels of both PM; s
exposure and proinflammatory activity than the reference group. A significant positive
association between personal PM, s exposure and-blood proinflammatory activity was
observed. These results suggest the potential involvement of TRAPs in activation of

systemic inflammation in urban traffic conductors.

ACKNOWLEDGMENTS

This work was supported by the grants from the Ministry of Science and
Technology (MOST) (MOST 106-2320-B-400-006) as well as the National Health

Research Institutes (NHRI) (EM-106-PP-03) in Taiwan.

DISCLAIMER

The authors declare no conflicts of interest.

REFERENCES

14



359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

Bilal, M., Nichol, J.E. and Spak, S.N. (2017). A New Approach for Estimation of Fine
Particulate Concentrations Using Satellite Aerosol Optical Depth and Binning of
Meteorological Variables. Aerosol Air Qual. Res. 17: 356-367.

Brucker, N., Moro, A.M., Chardo, M.F., Durgante, J., Freitas, F., Baierle, M.,
Nascimento, S., Gauer, B., Bulcdo, R.P.,, Bubols, G.B., Ferrari, P.D., Thiesen,
F.V., Gioda, A., Duarte, M.M.M.F., de Castro, 1., Saldiva, P.H. and Gareia, S.C.
(2013). Biomarkers of Occupational Exposure to Air Pollution, Inflammation’and
Oxidative Damage in Taxi Drivers. Sci. Total Environ. 463-464: 884-893.

Cai, R.R., Zhang, L.Z. and Yan, Y. (2017). Performance Prediction of PM 2.5
Removal of Real Fibrous Filters with a Novel-Model Considering Rebound
Effect. Appl. Therm. Eng. 111: 1536-1547.

Cao, J., Xu, H., Xu, Q., Chen, B. and Kan, H.:(2012). Fine Particulate Matter
Constituents and Cardiopulmonary Mortality in a Heavily Polluted Chinese City.
Environ. Health Perspect. 120: 373-378.

Channell, M.M., Paffett,M.L.; Devlin, R.B., Madden, M.C. and Campen, M.J.
(2012). Circulating Factors induce Coronary Endothelial Cell Activation
Following Exposure to Inhaled Diesel Exhaust and Nitrogen Dioxide in Humans:
Evidence from a Novel Translational in vitro Model. Toxicol. Sci. 127:179-186.

Chao, H.R.,' Que, D.E., Gou, Y.Y., Chuang, C.Y., Chang, T.Y. and Hsu, Y.C. (2016).
Indoor and Outdoor Concentrations of Polybrominated Diphenyl Ethers on
Respirable Particulate in Central and Southern Taiwan. Aerosol Air Qual. Res. 16:
3187-3197.

Chen, Y., Schleicher, N., Cen, K., Liu, X., Yu, Y., Zibat, V., Dietze, V., Fricker, M.,
Kaminski, U., Chen, Y., Chai, F. and Norra, S. (2016). Evaluation of Impact

Factors on Pm2.5 Based on Long-Term Chemical Components Analyses in the

15



384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

Megacity Beijing, China. Chemosphere 155: 234-242.

Chew, B.N., Campbell, J.R., Hyer, E.J., Salinas, S.V., Reid, J.S., Welton, E.J., Holben,
B.N. and Liew, S.C. (2016). Relationship between Aerosol Optical Depth and
Particulate Matter over Singapore: Effects of Aerosol Vertical Distributions.
Aerosol Air Qual. Res. 16: 2818-2830.

Chow, J.C., Lowenthal, D.H., Chen, L.-W.A., Wang, X. and Watson, J.G./(2015).
Mass Reconstruction Methods for PM2.5: A Review. Air Qual Atmos Health 8:
243-263.

Chu, M., Sun, C., Chen, W., Jin, G., Gong, J., Zhu, M., Yuan, J., Dai, J., Wang, M.,
Pan, Y., Song, Y., Ding, X., Guo, X., Du, M., Xia, Y., Kan, H., Zhang, Z., Hu, Z.,
Wu, T. and Shen, H. (2015). Personal Exposure to PM2.5, Genetic Variants and
DNA Damage: A Multi-Center Population-Based Study in Chinese. 7oxicol. Lett.
235:172-178.

Cliff, R., Curran, J., Hirota, J.As, Brauer, M., Feldman, H. and Carlsten, C. (2016).
Effect of Diesel Exhaust Inhalation on Blood Markers of Inflammation and
Neurotoxicity: A Controlled, Blinded Crossover Study. Inhal. Toxicol. 28:
145-153.

Dai, Y., Ren,'D., Bassig, B.A., Vermeulen, R., Hu, W., Niu, Y., Duan, H., Ye, M.,
Meng, T., Xu, J., Bin, P., Shen, M., Yang, J., Fu, W., Meliefste, K., Silverman, D.,
Rothman, N., Lan, Q. and Zheng, Y. (2018). Occupational Exposure to Diesel
Engine Exhaust and Serum Cytokine Levels. FEnviron. Mol Mutagen.
59(2):144-150.

Dieme, D., Cabral-Ndior, M., Gargon, G., Verdin, A., Billet, S., Cazier, F., Courcot,
D., Diouf, A. and Shirali, P. (2012). Relationship between Physicochemical

Characterization and Toxicity of Fine Particulate Matter (Pm2.5) Collected in

16



409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

Dakar City (Senegal). Environ. Res. 113: 1-13.

Dou, C., Zhang, J. and Qi, C. (2018) Cooking oil fume-derived PM2.5 induces
apoptosis in A549 cells and MAPK/NF-«B/STAT1 pathway activation. Environ.
Sci. Pollut. Res. Int. 25(10):9940-9948.

EPA (2016) Particulate matter (PM) pollution. United States Environmental
Protection Agency Retrieved: June 2, 2017 from
https://www.epa.gov/pm-pollution/particulate-matter-pm-basics.

Fan, Z.L., Chen, X.C., Lui, K.H., Ho, S.S.H., Cao, J.J., Lee, S.C.,.-Huang, H. and Ho,
K.F. (2017). Relationships between Outdoor and.Personal’ Exposure of
Carbonaceous Species and Polycyclic Aromatic Hydrocarbons (PAHs) in Fine
Particulate Matter (Pm2.5) at Hong Kong. Aerosol Air Qual. Res. 17: 666-679.

Ferguson, M.D., Migliaccio, C. and Ward, T. (2013). Comparison of How Ambient
Pmc and Pm2.5 Influence the Inflammatory Potential. Inhal Toxicol 25: 766-773.

Fujitani, Y., Furuyama, A., Tanabe, K.” and Hirano, S. (2017). Comparison of
Oxidative Abilities of Pm2.5 Collected at Traffic and Residential Sites in Japan.
Contribution of Transition”Metals and Primary and Secondary Aerosols. Aerosol
Air Qual. Res. 17: 574-587.

Hu, Y., Wang, L.S., Li, Y., Li, Q.H., Li, C.L., Chen, J.M., Weng, D. and Li, H.P.
(2017). \Effects of Particulate Matter from Straw Burning on Lung Fibrosis in
Mice. Environ. Toxicol. Pharmacol. 56: 249-258.

Huang, H.B., Chen, G.W., Wang, C.J., Lin, Y.Y., Liou, S.H., Lai, C.H. and Wang, S.L.
(2013). Exposure to Heavy Metals and Polycyclic Aromatic Hydrocarbons and
DNA Damage in Taiwanese Traffic Conductors. Cancer Epidemiol. Biomarkers
Prev. 22: 102-108.

Huang, H.B., Lai, C.H., Chen, G.W.,, Lin, Y.Y., Jaakkola, J.J., Liou, S.H. and Wang,

17



434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

S.L. (2012). Traffic-Related Air Pollution and DNA Damage: A Longitudinal
Study in Taiwanese Traffic Conductors. PLoS One 7: €37412.

Hils, A., Krdmer, U., Herder, C., Fehsel, K., Luckhaus, C., Stolz, S., Vierkotter, A.
and Schikowski, T. (2017). Genetic Susceptibility for Air Pollution-Induced
Airway Inflammation in the Salia Study. Environ. Res. 152: 43-50.

Kannan, S., Misra, D.P., Dvonch, J.T. and Krishnakumar, A. (2006). Exposures to
Airborne Particulate Matter and Adverse Perinatal Outcomes: A‘Biologically
Plausible Mechanistic Framework for Exploring Potential Effect Modification by
Nutrition. Environ. Health Perspect. 114: 1636-1642.

Kim, H.Y. (2013). Statistical Notes for Clinical Researchers: Assessing Normal
Distribution (2) wusing Skewness and Kurtosis. | Restorative dentistry &
endodontics 38: 52-54.

Korashy, H.M. and El-Kadi A.O. (2008). The Role of Redox-sensitive Transcription
Factors NF-kB and AP-1 in.the Modulation of the Cyplal Gene by Mercury,
Lead, and Copper. Free-Radic. Biol. Med. 44:795-806.

Li, K., Li, L., Cui, Bs Gai, Z.,Li, Q., Wang, S., Yan, J., Lin, B., Tian, L., Liu, H., Liu,
X. and Xis Z. (2018). Early Postnatal Exposure to Airborne Fine Particulate
Matter. Induces Autism-Like Phenotypes in Male Rats. Toxicol. Sci.
162(1):189-199.

Li, S.,)Ma, Z., Xiong, X., Christiani, D.C., Wang, Z. and Liu, Y. (2016). Satellite and
Ground Observations of Severe Air Pollution Episodes in the Winter of 2013 in
Beijing, China. Aerosol Air Qual. Res. 16: 977-989.

Li, R., Kou, X., Xie, L., Cheng, F. and Geng, H. (2015). Effects of Ambient Pm2.5 on
Pathological Injury, Inflammation, Oxidative Stress, Metabolic Enzyme Activity,

and Expression of C-Fos and C-Jun in Lungs of Rats. Environ. Sci. Pollut. Res.

18



459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

Int. 22:20167-20176.

Liang, C.S., Yu, T.Y. and Lin, W.Y. (2015). Source Apportionment of Submicron
Particle Size Distribution and Pm2.5 Composition During an Asian Dust Storm
Period in Two Urban Atmospheres. Aerosol Air Qual. Res. 15: 2609-2624.

Liu, C., Cai, J., Qiao, L., Wang, H., Xu, W., Li, H., Zhao, Z., Chen, R. and Kan, H.
(2017). The Acute Effects of Fine Particulate Matter Constituents on Blood
Inflammation and Coagulation. Environ. Sci. Technol. 51: 8128-8137.

Liu, Q., Baumgartner, J., Zhang, Y., Liu, Y., Sun, Y. and Zhang, M. (2014). Oxidative
Potential and Inflammatory Impacts of Source Apportioned Ambient Air Pollution
in Beijing. Environ. Sci. Technol. 48: 12920-12929:

Lu, H.Y,, Lin, S.L., Mwangi, J.K., Wang, L.C. and.Lin, H.Y. (2016). Characteristics
and Source Apportionment of Atmospheric Pm2:5 at a Coastal City in Southern
Taiwan. Aerosol Air Qual. Res. 16:.1022-1034.

Mantecca, P., Farina, F., Moschini, E., Gallinotti, D., Gualtieri, M., Rohr, A., Sancini,
G., Palestini, P. and Camatini, M. (2010). Comparative Acute Lung Inflammation
Induced by Atmospheric PM and Size-fractionated Tire Particles. Toxicol Lett.
198: 244-254.

Marano, -F., Boland, S., Bonvallot, V., Baulig, A. and Baeza-Squiban, A. (2002)
Human ‘airway epithelial cells in culture for studying the molecular mechanisms
of! the inflammatory response triggered by diesel exhaust particles. Cell Biol.
Toxicol. 18(5): 315-320.

Matawle, J.L. (2015). Characterization of Pm2.5 Source Profiles for Traffic and Dust
Sources in Raipur, India. Aerosol Air Qual. Res. 15: 2537-2548.

McGrath, J.A., Sheahan, J.N., Dimitroulopoulou, C., Ashmore, M.R., Terry, A.C. and

Byrne, M.A. (2017). PM Exposure Variations Due to Different Time Activity

19



484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

Profile Simulations within a Single Dwelling. Build. Environ. 116: 55-63.

Meier, R., Cascio, W.E., Ghio, A.J., Wild, P., Danuser, B. and Riediker, M. (2014).
Associations of Short-Term Particle and Noise Exposures with Markers of
Cardiovascular and Respiratory Health among Highway Maintenance Workers.
Environ. Health Perspect. 122: 726-732.

Miller, K.A., Siscovick, D.S., Sheppard , L., Shepherd , K., Sullivan , J.H., Anderson ,
G.L. and Kaufman , J.D. (2007). Long-Term Exposure to Air .Pollution ‘and
Incidence of Cardiovascular Events in Women. N. Engl. J. Med. 356: 447-458.

Morales Betancourt, R., Galvis, B., Balachandran, S., Ramos-Bonilla, J.P., Sarmiento,
O.L., Gallo-Murcia, S.M. and Contreras, Y. (2017). Exposure to Fine Particulate,
Black Carbon, and Particle Number ‘Concentration in Transportation
Microenvironments. Atmos. Environ. 157: 135-145.

Niu, X., Ho, S.S.H., Ho, K.F., Huang, Y., Sun,-J., Wang, Q., Zhou, Y., Zhao, Z. and
Cao, J. (2017). Atmospheric. Levels and Cytotoxicity of Polycyclic Aromatic
Hydrocarbons and Oxygenated-PAHs in PM,s in the Beijing-Tianjin-Hebei
Region. Environ< Pollut.231: 1075-1084.

Osornio-Vargas, A.R., Bonner, J.C., Alfaro-Moreno, E., Martinez, L., Garcia-Cuellar,
C., Ponce-de-Ledn Rosales, S., Miranda, J. and Rosas, 1. (2003). Proinflammatory
and Cytotoxic Effects of Mexico City Air Pollution Particulate Matter in Vitro
Are Dependent on Particle Size and Composition. Environ. Health Perspect. 111:
1289-1293.

Pardo, M., Shafer, M.M., Rudich, A., Schauer, J.J. and Rudich, Y. (2015). Single
Exposure to near Roadway Particulate Matter Leads to Confined Inflammatory
and Defense Responses: Possible Role of Metals. Environ. Sci. Technol. 49:

8777-8785.

20



509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

Park, E.J., Roh, J., Kim, Y., Park, K., Kim, D.S. and Yu, S.D. (2011). Pm 2.5
Collected in a Residential Area Induced Thl-Type Inflammatory Responses with
Oxidative Stress in Mice. Environ.l Res. 111: 348-355.

Pope, 1.C., Burnett, R.T., Thun, M.J. and et al. (2002). Lung Cancer, Cardiopulmonary
Mortality, and Long-Term Exposure to Fine Particulate Air Pollution. JAMA 287:
1132-1141.

Pope, C.A., 3rd, Bhatnagar, A., McCracken, J.P., Abplanalp, W., Conklin, D.J. and
O'Toole, T. (2016). Exposure to Fine Particulate Air Pollution.Is Associated with
Endothelial Injury and Systemic Inflammation. Circ. Res: 119: 1204-1214.

Ritz, B. and Wilhelm, M. (2008). Ambient Air Pollution and Adverse Birth Outcomes:
Methodologic Issues in an Emerging Field. Basic Clin. Pharmacol. Toxicol. 102:
182-190.

Rodopoulou, S., Samoli, E., Chalbet, M.-C.G. and Kavouras, 1.G. (2015). Air
Pollution and Cardiovascular and Respiratory Emergency Visits in Central
Arkansas: A Time-Series Analysis. Sci. Total Environ. 536: 872-879.

Tseng, C.Y. (2016),Characteristics of Atmospheric Pm2.5 in a Densely Populated
City with Multi-Emission Sources. Aerosol Air Qual. Res. 16: 2145-2158.

Tsou, T.C., Chao, H.R., Yeh, S.C., Tsai, F.Y. and Lin, H.J. (2011). Zinc Induces
Chemokine and Inflammatory Cytokine Release from Human Promonocytes. J.
Hazard. Mat. 196: 335-341.

Vinzents, P.S., Moller, P., Sarensen, M., Knudsen, L.E., Hertel, O., Jensen, F.P.,
Schibye, B. and Loft, S. (2005). Personal Exposure to Ultrafine Particles and
Oxidative DNA Damage. Environ. Health Perspect. 113: 1485-1490.

Wang, F., Lin, T., Li, Y., Guo, Z. and Rose, N.L. (2017). Comparison of Pm2.5

Carbonaceous Pollutants between an Urban Site in Shanghai and a Background

21



534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

Site in a Coastal East China Sea Island in Summer: Concentration, Composition
and Sources. Environ. Sci. Process Impacts 19: 833-842.

Wang, C., Chen, R., Shi, M., Cai, J., Shi, J., Yang, C., Li, H., Lin, Z., Meng, X., Liu,
C., Niu, Y., Xia, Y., Zhao, Z., Kan, H. and Weinberg, C.R. (2018). Acute
Inflammation Following Personal Exposure to Fine-Particulate Air Pollution May
Be Mediated by Methylation. Am. J. Epidemiol. 187(3): 484—493.

Wang, M., Gehring, U., Hoek, G., Keuken, M., Jonkers, S., Beelen, R.; Eeftens, M.,
Postma, D.S. and Brunekreef, B. (2015). Air Pollution and.l'ung Function in
Dutch Children: A Comparison of Exposure Estimates and Associations Based on
Land Use Regression and Dispersion Exposure Modeling Approaches. Environ.
Health Perspect. 123: 847-851.

Yan, Z., Wang, J., Li, J., Jiang, N., Zhang, R., Yang; W., Yao, W. and Wu, W. (2016).
Oxidative Stress and Endocytosis.Are Involved in Upregulation of Interleukin-8
Expression in Airway Cells Exposed to Pm2.5. Environ. Toxicol. 31: 1869-1878.

Zhang, Y., Wang, S., Zhu,J., i, C.; Zhang, T., Liu, H., Xu, Q., Ye, X., Zhou, L. and
Ye, L. (2018) Effect of Atmospheric PM2.5 on Expression Levels of NF-xB
Genes anddnflammatory Cytokines Regulated by NF-xB in Human Macrophage.
Inflammation 41(3):784-794.

Zhou, S., Behrooz, L., Weitzman, M., Pan, G., Vilcassim, R., Mirowsky, J.E.,
Breysee, P., Rule, A. and Gordon, T. (2017). Secondhand Hookah Smoke: An
Occupational Hazard for Hookah Bar Employees. Tob Control 26: 40-45.

Zuurbier, M., Hoek, G., Oldenwening, M., Meliefste, K., Krop, E., van den Hazel, P.
and Brunekreef, B. (2011). In-Traffic Air Pollution Exposure and Cc16, Blood
Coagulation, and Inflammation Markers in Healthy Adults. Environ. Health

Perspect. 119: 1384-1389.

22






560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

Figure Captions
Fig. 1. Sigmoidal semi-logarithmic dose-response curve of NF-«kB luciferase
induction by TNFa. NF-«xB luciferase activity is expressed as relative light units
(RLU). Data from three independent experiments (n = 3) are presented in a bar chart
with means + SE. The dose-response curve (R*> 0.95, p < 0.001) was fitted by using
a non-linear equation: y = ag+ (co - ag)/(1 + 100°€ES0 -9 "4y \which y is the NF-«B
luciferase activity, cg is the maximal NF-kB luciferase activity, agis the‘basal NF-xB
luciferase activity, EC50 is the half-maximal effective TNFa concentration, x is the

TNFa concentration, and 0 is the hillslope.

Fig. 2. Comparisons of personal PM, s exposure ‘and blood proinflammatory activity
between reference and exposure groups. (A) Personal PM; s exposure of Population 1
(N = 115) and (B) blood proinflammatory activity in Population 2 (N = 75) were
shown in scatterplots with means.and SE error bars. Number in parentheses means

sample size. ***p < 0.0001;-with the non-parametric Mann-Whitney U test.

Fig. 3. Distribution of PM,s exposure and proinflammatory activity of the study
participants. Histograms of (A) PM, s exposure of Population 1 (N = 115) and (B)
TNFa-EQ levels in Population 2 (N = 75) were summarized. Logarithmic (C) PM, s
exposure and (D) TNFa-EQ levels were respectively converted from the original data

in (A) and (B).

Fig. 4. Association between blood proinflammatory activity (in TNFa-EQ) and
personal PM; s exposure. Both TNFa-EQ and PM; s data of the 75 participants in

Population 2 (40 in reference group and 35 in exposure group) were summarized in
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the scatterplot of log TNFa-EQ versus log PM;s. The relationship between log
TNFa-EQ and log PM; 5 was fitted into the linear equation y = 0.511x - 3.062 (y = log
TNFa-EQ and x = log PM,5), with R =0.231, F(1,73) = 4.097, *p = 0.047, and the 95%

confidence interval for mean of slope between 0.008 and 1.015.
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Table 1. Descriptive analysis of demographic characteristics of study participants

Population 1 (N=115)*" Population2 (N=75)"
Variables Exposure group (N=69) Reference group (N=46) p Exposure group (N=35)  Reference group (N=40) p
Mean (SD) or N (%)®  Mean (SD) or N (%) " values Mean (SD) or N«(%)® Mean (SD) or N (%) ° values
Age in years © 48.9 (9.08) 42.8 (8.84) <0.001 47.5 (9:33) 42.6 (7.09) 0.036
BMI in kg m™* 25.1(3.54) 29.1 (6.49) <0.001 25.0 (3.59) 29.1 (6.49) <0.001
Gender* <0.001 <0.001
Male 52 (75.4) 10 (21.7) 26 (74.3) 9(22.5)
Female 17 (24.6) 36 (78.3) 925.7) 31 (77.5)
Education levels ¢ <0.001 <0.001
College 26 (37.7) 38 (82.6) 13 (37.1) 33 (82.5)
High school 43 (62.3) 8(17.4) 22 (62.9) 7 (17.5)
Smoking habit ¢ 0.196 0.223
Smokers 16 (23.2) 6 (13.0) 8(22.9) 6 (15.0)
Nonsmokers 53 (76.8) 40 (87.0) 27 (77.1) 34 (85.0)
Cooking habit ¢ 0.107 0.134
Yes 29 (42.0) 24 (52.2) 15 (42.9) 21 (52.5)
No 40 (58.0) 22 (47.8) 20 (57.1) 19 (47.5)
Drinking alcohol d 0.997 0.997
Yes 12 (17.4) 8 (17.4) 6 (17.1) 7 (17.5)
No 57 (82.6) 38(82:6) 29 (82.9) 33 (82.5)
Vitamin supplement ® 0.151 0.284
Yes 39 (56.5) 19 (41.3) 20 (57.1) 17 (42.5)
No 30 (43.5) 27 (58.7) 15 (42.9) 23 (57.5)

coON OO 1 W N

* Population 1 (N = 115), i.e., 69 traffic conductors (the exposure group) and 46 office policemen (the reference group), was sampled from the HESTP
cohort. Population 2 (N = 75), i.e., 35 traffic conductors (the exposure group) and 40 office policemen (the reference group), was sampled from the
Population 1.

® Mean (SD) or N (%): mean (standard deviation) or number (percentage)

¢ Mean (standard deviation)

4 Number (percentage)



1 Table 2. Skewness, kurtosis, and Z scores for personal PM, s exposure (in Population 1) and
2 blood proinflammatory activity (TNFa-EQ) (in Population 2) before and after logarithmic

3 transformation

a - a
N Skewness SE skewness Z skewness Kurtosis  SE kurtosis ~ Z Kurtosis

Population 1 115
PMy s 3.22 0.226 14.3 14.1 0.447 314
Log PM; 5 0.517 0.226 2.29 0.766 0.447 1.61
Population 2 75
TNFa-EQ 4.62 0.277 16.7 28.5 0.548 52.0
Log TNFa-EQ -0.108 0.277 -0.390 -1.043 0.548 -1.903

a _ R _ .
4°Z Skewness — Skewness/SE Skewness s V4 Kurtosis — Kurtosis/SE Kurtosis

5
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Fig. 1. Sigmoidal semi-logarithmic dose-response curve of NF-kB luciferase induction by TNFa. NF-«kB
luciferase activity is expressed as relative light units (RLU). Data from three independent experiments (n =
3) are presented in a bar chart with means + SE. The dose-response curve (R? > 0.95, p < 0.001) was
fitted by using a non-linear equation: y = a0 + (c0 - a0)/(1 + 10L09EC50-*6]y “iy which y is the NF-kB
luciferase activity, c0 is the maximal NF-kB luciferase activity, a0 is the basal NF-kB luciferase activity, EC50
is the half-maximal effective TNFa concentration, x is the TNFa concentration, and 0 is the hillslope.



600 1

&~ 500
£ 400
O

= 300-
~ 200 A

O 100

* k%

(N=46)

——

(N=69)

=

Reference Exposure

group

group

o

TNFa-EQ (pg ml)

(N=40)
0.20-

0.161
0.121
0.08 1

0.04 1

* k%

(N=35)

y———

O__

Reference Exposure

group

group
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Fig. 4. Association between blood proinflammatory activity (in TNFa-EQ) and personal PM2.5 exposure. Both
TNFa-EQ and PM2.5 data of the 75 participants in Population 2 (40 in reference group and 35 in exposure
group) were summarized in the scatterplot of log TNFa-EQ versus log PM2.5. The relationship between log

TNFa-EQ and log PM2.5 was fitted into the linear equation y = 0.511x - 3.062 (y = log TNFa-EQ and x = log
PM2.5), with R = 0.231, F(1,73) = 4.097, *p = 0.047, and the 95% confidence interval for mean of slope

between 0.008 and 1.015.





