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Abstract
Objectives: Traffic-related particulate matter (PM) is one of the major sources of air pollution in metropolitan areas. This
study is to observe the interactive effects of gene and fine particles (particles smaller than 2.5 μm – PM2.5) on the respiratory system and explore the mechanisms linking PM2.5 and pulmonary injury. Material and Methods: The participants
include 110 traffic policemen and 101 common populations in Shanghai, China. Continuous 24 h individual-level PM2.5
is detected and the pulmonary function, high-sensitivity C-reactive protein (hs-CRP), Clara cell protein 16 (CC16) and
the polymorphism in CXCL3, NME7 and C5 genes are determined. The multiple linear regression method is used to analyze the association between PM2.5 and health effects. Meanwhile, the interactive effects of gene and PM2.5 on lung function
are analyzed. Results: The individual PM2.5 exposure for traffic policemen was higher than that in the common population
whereas the forced expiratory volume in 1 s (FEV1), the ratio of FEV1 to forced vital capacity (FEV1/FVC) and lymphocytes
are lower. In contrast, the hs-CRP level is higher. In the adjusted analysis, PM2.5 exposure was associated with the decrease
in lymphocytes and the increase in hs-CRP. The allele frequencies for NME7 and C5 have significant differences between
FEV1/FVC ≤ 70% and FEV1/FVC > 70% participants. The results didn’t find the interaction effects of gene and PM2.5
on FEV1/FVC in all the 3 genes. Conclusions: The results indicated that traffic exposure to high levels of PM2.5 was associated with systemic inflammatory response and respiratory injury. Traffic policemen represent a high risk group suffering
from the respiratory injury.
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INTRODUCTION
Traffic is one of the major sources of environmental particulate matter (PM) in metropolitan areas. Exposure to
ambient PM, especially fine particles (particles smaller
than 2.5 μm – PM2.5), increases daily deaths [1] and hospitalization for cardiopulmonary diseases [2,3]. However,
the mechanisms linking PM2.5 and cardiopulmonary diseases remain unclear. Potential mechanisms between PM
and cardiopulmonary disease have been suggested to
include the increase in oxidative stress [4], inflammation [5], autonomic modulation impairment [6,7] and
blood coagulation disorder [8,9]. In our previous study,
individual PM2.5 exposure was associated with the systemic
immune and inflammatory response in the case of traffic
policemen [10]. Another study also showed that PM can
act directly on many effector cells such as lymphocytes,
monocytes and macrophages which are closely associated
with immune and inflammatory response [11].
High-sensitivity C-reactive protein (hs-CRP), the important systemic inflammatory marker, has been found to correlate with the extent of the disease and poor lung function [12]. The increase in PM2.5 is significantly associated
with the increase in hs-CRP in serum [10]. In contrast to
hs-CRP systemic biomarker, Clara cell protein 16 (CC16)
is known to be synthesized within respiratory tissues, including endothelial cells, Clara cells, and type II pneumocytes. The Clara cell protein 16 prevents and ameliorates
lung injury in adult mice and humans [13]. Moreover, serum CC16 concentrations reflect alveolo-capillary membrane permeability [14]. Lower serous CC16 concentration has been detected in the case of adults with chronic
obstructive pulmonary disease [15].
Currently, epidemiologic evidence regarding the relationship between pulmonary risk and traffic-related PM2.5 at
the individual level is more limited. Most epidemiological
studies assessed the PM2.5 exposure using the data of monitoring sites other than the individual-level PM2.5 [16–18]. One
study reported the association between PM2.5 exposure and
972
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immediate impairment of cardiac autonomic modulation
by estimating the 24 h individual-level PM2.5 exposure [19].
It is generally known that gene-environment interaction
leads to the development of diseases. The previous study
found that the gene SLC38A8 may significantly modify
the effects of occupational exposure on forced expiratory
volume in 1 s (FEV1) [20]. Another study measured the individual levels of environmental tobacco smoke (ETS)
using personal monitor, suggesting that subjects with different induction of CYP1A1 expression in CYP1A1×2A
and CYP1A1×2A/×2B carriers may have increased susceptibility to the genotoxic effects of ETS [21].
CXCL3 gene, belonging to chemokine family, is related
to inflammatory response. Meanwhile, the previous study
found that CXCL3 was higher in the lung tumor tissue when
compared to the matched normal tissue [22]. The function
of C5 complement factor has been explored in asthma [23]
and lung injures [24]. In this study, we examine the individual PM2.5 for traffic policemen and the common population and assess the association between individual PM2.5
and inflammatory response and pulmonary function.
Meanwhile, the single nucleotide polymorphisms (SNPs)
in CXCL3, NME7 and C5 genes are confirmed and genePM2.5 interaction is analyzed to assess its effects on pulmonary function.
MATERIAL AND METHODS
Study population and design
The research started in 2009 and included 110 male traffic policemen and 101 common populations who are 25–
55 years of age from Shanghai, China. The traffic policemen mainly worked at crossroads to guide the traffic or
deal with traffic accidents. The common populations work
at offices for writing reports or managing documents.
The 2 groups of participants work and live in 1 district of
Shanghai. The participants are non-smokers and have no
cardiopulmonary diseases and do not currently take medications either. The study was approved by the Human
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Studies Review Committee of the Foundation of school
of public health, Fudan University. We explained the purpose of the project to all the participants and they signed
an informed consent form in accordance with the relevant provisions of the Helsinki declaration. All participants declared that they had not smoked tobacco for at
least 6 months prior to their participation.
All participants completed a personal history questionnaire
including sociodemographic characteristics, lifestyle factors
and medical history. We classified education according to
the International Standard Classification of Education as
total years of formal education. Four categories were defined with the highest category of ≥ 18 years of education
(equivalent to a university degree) and the lowest category
of ≤ 12 years (equivalent to a basic school degree and no
vocational training). Regular alcohol intake was defined
as any alcohol consumption at least 4–6 days per week.
Individual PM2.5 exposure monitoring
and sample collection
A portable Air Sampler (Gilian, GilAir-3, USA) was
used in combination with a PM2.5 size-selective inlet
driven by a 1.5 l/min pump to obtain the individual 24 h
mean PM2.5 exposure estimates. A sampling tube was connected with the inlet port and placed at the height which
was similar with the height of breath so that it could represent the individual actual exposure. After each sampling ended, the filters were removed from the cassettes
and the samples were analyzed. At the end of the study,
the participants answered a recall questionnaire. Blood
samples were collected to obtain serum for cell counts,
hs-CRP, CC16 and SNPs detection. Serum was stored
at –80°C. Three traffic policemen’s samples or questionnaires were incomplete, thus leaving 107 participants.
Pulmonary function determination
At the end of the 24 h individual PM2.5 detection, the lung
function was determined for all the participants at
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the physical examination center. The lung functions parameters of forced expiratory volume in 1 s (FEV1) and
Tiffeneau index (ratio of FEV1 to forced vital capaci
ty, FEV1/FVC×100%) were determined.
Marker of inflammation
As a marker of inflammation, hs-CRP was measured using a 2-site chemiluminescent enzyme immunometric assay (IMMULITE hs-CRP; Diagnostic Stago Corp., CA).
All analyses were performed in the Zhongshan Hospital,
Fudan University. Lymphocyte, neutrophils and white
blood cells were analyzed using an autoanalyzer.
CC16 detection
The CC16 was analyzed using a sandwich enzyme immunoassay (CC16 enzyme-linked immunosorbent assay (ELISA) kit; prod. DiaMed EuroGen, Turnhout, Belgium) as described by the manufacturer.
Genotyping
Genomic DNA was isolated from whole blood by
means of using the Wizard Genomic DNA Purification kit (Promega) according to the manufacturer’s protocol. A specific primer for CXCL3, NME7
and C5 is as follows: CXCL3: FW: GGCTTTCCAGTCTCAACCAT, REV: GGCGGGACTTACATGACTTC; NME7: FW: GTCCTGACCAACCTCTTGGA, REV: GCAGTACCCCATAGACTGGTG; C5: FW:
TTTCAGGACTGCTTGTAGGTGA, REV: AACTGGAGGAATGGAGTTTCC.
The SNPs investigated in the CXCL3 gene were rs170
and rs195 whereas NME7 and C5 genes were rs1457
and rs3156, respectively. The gene sequencing was facilitated by ABI 3730XL DNA analyzer. Tagging SNPs were
chosen by means of using the pair-wise r2 method with
an r2 ≥ 0.9 and minor allele frequency (MAF) ≥ 0.05 –
by means of using the SNP browser. Reproducibility
was assessed by re-genotyping a random sample (5%) of
IJOMEH 2015;28(6)
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our population, and all genotypes matched their initially
called genotype.
Statistical analysis
The entire study population consists of 101 controls
and 107 traffic policemen excluding 3 participants whose
samples or questionnaire surveys were incomplete. For
statistical testing, a 2-sided p ≤ 0.05 were considered
statistically significant. The variables were expressed as
mean ± standard deviation (M±SD). For statistical ana
lysis, the differences of individual-level PM2.5 and biomarker levels between exposure and the control group
were analyzed using the paired t-test.
To assess the short-term association between individual-level PM2.5 and inflammatory markers and pulmonary function, we performed multiple linear regression
analyses with white blood cells, neutrophils 9 (%), nymphocytes (%), FEV1, FEV1/FVC, hs-CRP and CC16
as the dependent variables, respectively. We entered
the individual-level PM2.5 as independent variables, after adjustment for all confounding factors such as age,
body mass index (BMI), categorized educational level
and categorized alcohol intake, the exposure-response
relationship was investigated. The total model included all the traffic policemen and common population.
The exposure group model just included the traffic policemen group and the control group model just inclu
ded the common population group.
All the participants including traffic policemen and
the common population were divided into 2 groups
according to the value of FEV1/FVC (%). One group was
defined as FEV1/FVC (%) ≤ 70% group and the other was
defined as FEV1/FVC (%) > 70% group. Chi square (Chi2)
analysis was also performed to compare the allele and
genotype distributions in FEV1/FVC (%) ≤ 70% group
and FEV1/FVC (%) > 70% group. The multi-linear regression model was used to analyze the gene-PM2.5 interaction on FEV1/FVC (%).
974
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RESULTS
Distribution of individual PM2.5 exposure
for participants
The concentration and distribution of individual PM2.5
for the exposure and control group were analyzed (Figure 1). The individual PM2.5 concentration was 115.4 μg/m3
(range: 32.69–217.95 μg/m3) and 74.96 μg/m3 (range:
10.23–174.36 μg/m3) in the exposure and control group,
respectively (Table 1). The individual PM2.5 concentration
was divided into 7 groups. The lower bound of the PM2.5
is 35 μg/m3 which is set according to the American Air
Quality standards (24 h averaging time, PM2.5 = 35 μg/m3).
The Figure 1 shows that the majority of participants in
the exposure group are exposed to high concentration
of PM2.5 whereas the majority of participants in the con
trol group are exposed to low concentration of PM2.5.
Descriptive statistics of the study population
The Table 2 described the statistics of the study population. The study population included 107 traffic policemen and 101 common populations. The differences of
Participants [n]
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PM2.5 – particulate matter smaller than 2.5 μm.
The distribution was divided into 7 categories according to a progressive increase in terms of 35 μg/m3 of PM2.5 for every category.

Fig. 1. Distribution of individual particulate matter smaller
than 2.5 μm (PM2.5) exposure for 107 traffic policemen
and 101 common populations
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Table 1. Average concentration of individual 24 h PM2.5 exposure in study groups
Group

24 h PM2.5 concentration
[μg/m3]

Respondents
[n]

min.

max

M±SD

Exposed

107

32.69

217.95

115.40±46.25**

Control

101

10.23

174.36

74.96±41.13

Min. – minimum; max – maximum; M – mean; SD – standard deviation.
PM2.5 – particulate matter smaller than 2.5 μg.
** p < 0.01, compared with the control group.

Table 2. Descriptive statistics of the study groups

Variable

Study group
(N = 208)
exposed
(N = 107)

control
(N = 101)

Age [years] (M±SD)

39.33±9.23

38.56±10.16

BMI [kg/m ] (M±SD)

23.69±2.76

23.41±3.69

≤ 12 years

31 (29.0)

26 (25.7)

13–17 years

72 (67.3)

71 (70.3)

≥ 18 years

4 (3.7)

4 (4.0)

Regular alcohol intake [(n%)]

54 (44.8)

50 (44.60)

FEV1 [l] (M±SD)

3.53±0.63*

3.69±0.40

2

Educational time period [n (%)]

FEV1/FVC [%] (M±SD)

83.57±19.16*

89.07±12.14

FEV1/FVC (%) < 70% [n (%)]

34 (31.77)*

5 (4.95)

White blood cells [n×109] (M±SD)

6.03±1.28

5.90±1.25

Neutrophils [%] (M±SD)

55.54±7.17

55.58±7.18

Lymphocytes [%] (M±SD)

34.58±6.57**

37.26±7.35

Hs-CRP [μg/ml] (M±SD)

7.38±6.00*

5.60±4.04

CC16 [ng/ml] (M±SD)

12.05±5.31

12.64±4.53

BMI – body mass index; FEV1 – forced expiratory volume in 1 s; FVC – forced vital capacity; FEV1/FVC – ratio of FEV1 to forced vital capacity;
hs-CRP – high-sensitivity C-reactive protein; CC16 – Clara cell protein 16.
Other abbreviations as in Table 1.
* p < 0.05; ** p < 0.01 compared with the control group.

inflammatory marker, blood cell counts, CC16 and pulmonary function (FEV1, FEV1/FVC) between the exposure
group and control group were observed. The FEV1, FEV1/
FVC (%) and lymphocytes in the exposure group were lower
than those in the control group whereas hs-CRP was higher.

There was no significant difference in white blood cell,
neutrophils and CC16 between the 2 groups. In the exposure group, there were 34 participants whose FEV1/
FVC (%) was in excess of 70% but there were only 5 participants in the control group.
IJOMEH 2015;28(6)
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To understand the effects of ambient PM2.5 on pulmonary
injury, the pulmonary injury-related risk factors in the exposure group and the control group were analyzed using
multivariate linear regression adjusting for age, BMI,
educational attainment and alcohol intake. As shown in
the Table 3, the exposure group showed a higher risk suffering pulmonary dysfunction and inflammation. Forced
expiratory volume in 1 s, FEV1/FVC (%) and lymphocytes were 0.140, 2.360 and 2.572 times lower in the case
of the exposure group than the control group whereas hsCRP was 1.648 times higher in the case of the exposure
group than the control group. White blood cell, neutrophils and CC16 had no statistical differences between
the 2 groups.
Individual PM2.5 exposure-response relationship
In multiple linear regression, the association between
individual PM2.5 and hs-CRP, white blood cell, neutrophils, FEV1, FEV1/FVC (%) and CC16 was analy
zed (Table 4). In the adjusted total model, PM2.5 induced the increase in hs-CRP (1.2%, 95% confidence
interval (CI): 0.3–2.6) and decrease in lymphocytes
(3.1%, 95% CI: 1.1–5.1).

In contrast to the findings for the above markers, there
was no statistical association between individual PM2.5
and FEV1, FEV1/FVC (%), white blood cell, neutrophils
and CC16. Interestingly, it showed a statistically significant association between PM2.5 and FEV1/FVC (%), lymphocytes, hs-CRP in the exposure group model but not
in the control group model. In the exposure group model, PM2.5 exposure was associated with the increase in neutrophils and hs-CRP and decrease in FEV1/FVC (%) and
lymphocytes.
Gene-PM2.5 interaction analysis
All the participants were divided into 2 groups according to the level of FEV1/FVC (%). One group (N = 39):
FEV1/FVC (%) < 70%, the other group (N = 169):
FEV1/FVC (%) > 70%. The distribution of SNPs
of CXCL3 rs170, CXCL3 rs195, NME7 rs1457 and C5
rs3156 genes among the 2 groups was shown in the Table 5.
When comparing the polymorphisms in the 2 groups, no
significant difference in the CXCL3 rs170, CXCL3 rs195
allele frequencies was found. NME7 rs1457 allele frequencies were different in GG and C5 rs3156 was diffe
rent in G, A, GG and AG between the FEV1/FVC (%)

Table 3. Multivariate analysis of risk factors related to pulmonary injury between the exposure group and the control group
Variable

AOR (95% CI)a

p

FEV1 [%]

–0.140 (–0.275–(–0.005))

0.042

FEV1/FVC [%]

–2.360 (–7.046–(–1.674))

0.000

White blood cells [n×109]

0.111 (–0.230–0.453)

0.523

Neutrophils [%]

–0.099 (–2.031–1.833)

0.920

Lymphocytes [%]

–2.572 (–4.427–(–0.717))

0.007

Hs-CRP [μg/ml]
CC16 [ng/ml]

1.648 (0.326–2.969)
–1.582 (–2.914–(–0.950))

AOR – adjusted odds ratio; CI – confidence interval.
Other abbreviations as in Table 2.
a
Compared with the control group. The model adjusted for the age, BMI, educational time period and alcohol intake.
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Table 4. Associations of individual particulate matter smaller than 2.5 μm (PM2.5) exposure with blood cells, pulmonary function,
Clara cell protein 16 (CC16) and marker of inflammation (95% CI)
Total

Variable

model (B)

a

Exposed group

Control group

significant

model (B)

significant

model (B)a

significant

a

FEV1 [%]

–0.001 (–0.002–0.001)

0.403

0.001 (–0.002–0.003)

0.580

0.000 (–0.002–0.002)

0.660

FEV1/FVC [%]

–0.115 (–0.185–(–0.045))

0.450

–0.050 (–0.167–0.067)

0.021

0.010 (–0.029–0.048)

0.231

White blood
cells [n×109]

0.000 (–0.004–0.004)

0.931

0.000 (–0.006–0.005)

0.900

–0.002 (–0.008–0.005)

0.627

Neutrophils [%]

0.015 (–0.005–0.036)

0.149

0.032 (0.002–0.063)

0.037

0.004 (–0.030–0.038)

0.821

0.000

0.006 (–0.029–0.041)

0.743

Lymphocytes [%]

–0.031 (–0.051–(–0.011))

Hs-CRP [μg/ml]
CC16 [ng/ml]

0.003

–0.048 (–0.075–(–0.022))

0.012 (0.003–0.026)

0.014

0.016 (0.009–0.040)

0.025

0.000 (–0.018–0.019)

0.966

–0.011 (–0.026–0.003)

0.113

0.012 (–0.011–0.034)

0.303

–0.012 (–0.033–0.010)

0.283

Abbreviations as in Table 2 and 3.
a
The model represents the sufficient adjustment set, including PM2.5, age, BMI, educational time period and alcohol intake.

Table 5. Association between polymorphism and pulmonary dysfunction
Pulmonary deficiency
Polymorphism

respondents with
FEV1/FVC ≤ 70%
(N = 39)
[n (%)]

respondents with
FEV1/FVC > 70%
(N = 169)
[n (%)]

OR (95% CI)

CXCL3 rs170

p
0.231

A

74 (94.9)

331 (97.9)

–

G

4 (5.1)

7 (2.1)

–

AA

35 (89.7)

162 (95.9)

0a (reference)

AG

4 (10.3)

7 (4.1)

3.51 (–3.05–10.07)

Genotype

CXCL3 rs195

0.295
0.539

A

10 (12.8)

45 (13.3)

–

C

68 (87.2)

293 (86.7)

–

AA

1 (1.3)

8 (4.7)

0a (reference)

AC

8 (10.3)

37 (21.9)

1.66 (–1.41–1.96)

0.996

CC

30 (88.4)

124 (73.4)

1.65 (–1.46–2.13)

0.997

Genotype
general model

IJOMEH 2015;28(6)

977

ORIGINAL PAPER

    J. ZHAO ET AL.

Table 5. Association between polymorphism and pulmonary dysfunction – cont.
Pulmonary deficiency
Polymorphism

respondents with
FEV1/FVC ≤ 70%
(N = 39)
[n (%)]

respondents with
FEV1/FVC > 70%
(N = 169)
[n (%)]

OR (95% CI)

1 (1.3)

8 (4.7)

0a (reference)

38 (97.4)

161 (95.3)

16.5 (–14.1–14.6)

30 (88.4)

124 (73.4)

0a (reference)

9 (23.1)

45 (26.6)

p

Genotype – cont.
dominant model
AA
AC+CC

0.904

recessive model
CC
AA+AC

–0.08 (–2.19–2.03)

NME7 rs1457

0.942
0.141

A

57 (73.1)

262 (77.5)

–

G

21 (26.9)

76 (22.5)

–

AA

26 (66.7)

101 (59.8)

0a (reference)

AG

9 (23.8)

60 (35.5)

1.12 (–1.08–3.33)

0.318

GG

4 (10.3)**

8 (4.7)

–1.24 (–4.55–2.06)

0.046

Genotype
general model

dominant model
AA

26 (66.7)

101 (59.8)

0a (reference)

AG+GG

15 (38.5)

68 (40.2)

0.67 (–1.26–2.61)

4 (10.3)

8 (4.7)

0a (reference)

33 (84.6)

161 (95.3)

1.54 (–1.69–4.78)

0.351

G

66 (85.6)**

337 (99.7)

–

0.000

A

12 (15.4)**

1 (0.3)

–

GG

34 (89.7)**

168 (99.4)

0a (reference)

AG

5 (12.8)**

1 (0.6)

0.497

recessive model
GG
AG+AA
C5 rs3156

Genotype
general model

OR – odds ratio. Other abbreviations as in Table 2 and 3.
** p < 0.01 compared with FEV1/FVC > 70% group.
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Table 6. CXCL3 single nucleotide polymorphisms (SNPs) interacting with PM2.5 exposure to affect the ratio of forced expiratory
volume in 1 s to forced vital capacity (FEV1/FVC (%))
Covariate

Estimate

PM2.5×CXCL3 rs170 AG

–12.09

PM2.5×CXCL3 rs170 AA

0a

SE

OR

95% CI

p

16.353

0.044

–0.162–0.251

0.674

0a

PM2.5×CXCL3 rs195 AC

–3.141

10.491

0.016

–0.198–0.230

0.881

PM2.5×CXCL3 rs195 CC

–11.310

11.678

0.082

–0.154–0.318

0.497

PM2.5×CXCL3 rs195 AA

0a

0a

PM2.5×NME7 rs1457 GG

–1.856

0.094

0.109

–0.075–0.294

0.245

PM2.5×NME7 rs1457 AG

2.272

0.049

–0.040

–0.138–0.057

0.417

PM2.5×NME7 rs1457 AA

0a

–0.161–0.299

0.557

PM2.5×C5 rs3156 AG
PM2.5×C5 rs3156 GG

–2.531

0a
0.117

0a

0.069
0a

SE – standard error. Other abbreviations as in Table 1 and 3.
a
AA or GG are used as reference. The model adjusted the age, BMI, educational time period and alcohol intake.

≤ 70% and FEV1/FVC (%) > 70% group. In the dominant model, AA or GG acted as the reference. The results
suggested that there were no differences of allele frequencies in the dominant model for all the 3 genes, and similar
results were found in the recessive model.
The Table 6 showed the gene-PM2.5 interaction on FEV1/
FVC (%). In the multiple regression analysis, after adjusting for other covariates such as age, BMI, categorized educational level and regular alcohol intake, the results couldn’t find the gene-PM2.5 interaction on FEV1/
FVC (%) for CXCL3, NME7 and C5 genes.
DISCUSSION
This study selected the traffic policemen and common
populations as participants to preliminarily explore the association between individual-level PM2.5 and respiratory
injury. Respiratory disease-related pulmonary function,
inflammatory response and alveolo-capillary membrane
permeability were determined in participants. The results

indicated that the people who were exposed to high levels
of PM2.5 showed a significant respiratory injury. The key
finding of this study was that the increase in individuallevel PM2.5 was associated with the increase in hs-CRP
and the decrease in FEV1, FEV1/FVC and lymphocytes.
In line with the hypothesis, the results showed that effects
of traffic-related PM2.5 should be stronger. Moreover, this
study observed the gene-PM2.5 interaction on pulmonary
function but there was no statistical significance.
Recently, most studies have investigated the acute effects of PM on acute cardiopulmonary event [25–29].
However, the biological mechanisms linking PM and cardiopulmonary diseases are still unclear. Because of their
small size, PM2.5 is inhaled deeply into the lungs, with
a portion depositing in the alveoli and entering the pulmonary circulation and presumably the systemic circulation [30]. In Shanghai City, PM2.5 air pollution is far in
excess of the American air quality standards of 35 μg/m3
(24 h averaging time) and the WHO air quality guideline
IJOMEH 2015;28(6)
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25 μg/m3 (24 h averaging time). These results showed that
only few traffic policemen whose individual PM2.5 exposure was lower than 35 μg/m3, and the majority of traffic
policemen were exposed to high concentration of PM2.5
when compared with the common population. The results
indicated that traffic-related occupational population was
suffering from a very high risk of PM exposure.
One of the strengths of this study is that individual-level PM2.5
is used to explore the effects of PM2.5 on the occupational
population (traffic policemen) and the common population. Previous studies always estimated PM concentration
either using a simple area average of the ambient concentrations [31] or the spatial correlation based on ambient estimations at the participant’s houses [18], and this data may
not be representative of the individual actual exposure. In
our study, 24 h after monitoring the individual-level PM2.5,
the biological effects of PM2.5 on systemic inflammation
and pulmonary function were measured for participants.
Since environmental inhalation exposures such as smoking
or regular exposure to biomass smoke have been shown to
induce a chronic low-grade inflammatory state [32,33], our
participants had been limited to non-smokers.
The multiple linear regression model was used to evaluate
the association between individual-level PM2.5 and inflammatory marker, pulmonary function by adjusting for BMI,
categorized educational level and regular alcohol intake.
The results indicated that traffic-related PM2.5 exposure
was associated with the increase in hs-CRP and decrease
in FEV1, FEV1/FVC and lymphocytes especially in the case
of traffic policemen. The result was consistent with the previous study that long-term residential exposure to high
levels of PM2.5 was associated with systemic inflammatory markers [16]. In this study, traffic policemen showed
higher susceptibility to PM2.5 and showed more severe
systemic inflammation and pulmonary dysfunction. Along
with our previous experimental study, in which PM2.5 increased the systemic hs-CRP in rats in a dose-dependent
manner [34], these findings supported our hypothesis that
980
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systemic inflammation was a pathway, through which PM2.5
could lead to an acute increase in cardiopulmonary risk.
This study detected lung epithelium marker CC16 to
observe the effects of PM2.5 on alveolo-capillary membrane permeability. The results did not find the difference of CC16 between traffic policemen and the common
population. Similarly, in the multi-linear regression analysis, there was no association between PM2.5 and CC16.
The previous study showed a similar result with our findings, which found that traffic-related pollution was not
consistently associated with acute changes in CC16 [35].
In this study, the relationship between PM2.5 and lung function parameters was analyzed to further explore the lung
changes induced by PM2.5 exposure. The results indicated that FEV1 and FEV1/FVC were lower in the case of
traffic policemen than that in the case of the common
population, suggesting that traffic policemen were more
possible to suffer from the poor pulmonary function. In
the adjusted model, individual PM2.5 exposure was associated with the decrease in FEV1 and FEV1/FVC, especially
in the case of traffic policemen. Similarly, the previous
study indicated that PM2.5 was associated with reductions
in FEV1 [36], which supported our results. All these findings demonstrated that exposure to high concentration
of PM2.5 could cause adverse respiratory effects.
The gene-environment interaction has been the major risk
for a number of diseases in humans. Gene-environment
studies are of special interest in the examination of cardiopulmonary injury induced by PM2.5. Identification of geneenvironment interactions could provide biological plausibility for epidemiologic observations. This study investigated gene-PM2.5 interactions on FEV1/FVC (%) through
the SNP-level analysis. The previous study demonstrated
that the low-dose PM2.5 altered the expression of 970 genes
more than 2.5-fold as compared to untreated control cells,
resulting in the up-regulation of 592 genes and the downregulation of 378 genes in HBE cells [37], indicating that
gene expression was very important in the PM2.5-induced
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injury. The previous study found that could mediate normal
and asthmatic airway smooth muscle cell migration [38], so
we determined the 2 SNPs of CXCL3 to modify the relationship between PM2.5 and FEV1/FVC (%). This study analyzed
the allele and genotype distribution of CXCL3 in FEV1/
FVC ≤ 70% and FEV1/FVC > 70% groups but no significant
differences were found in the 2 groups. Meanwhile, we analyzed the CXCL3-PM2.5 interaction on FEV1/FVC. However,
there is no statistical significance. Similarly, this study analyzed the gene-PM2.5 interaction for NME7 and C5. The current results only found the allele differences of NME7
and C5 between FEV1/FVC ≤ 70% and FEV1/FVC > 70%
groups but no gene-PM2.5 interaction was found.
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CONCLUSIONS
In conclusion, this study has shown a significant association between individual PM2.5 exposure and systemic inflammatory markers and pulmonary function in the case of
traffic policemen and the common population. The traffic
policemen exhibited a high risk of developing pulmonary
diseases and suffered from more severe lung dysfunction
than common population. Although the biologic relevance
of this finding is not entirely clear, the observation of note
was that the systemic inflammatory response and the lung
dysfunction may be induced by exposure to traffic-related PM2.5. Though we did not find the interactive effects of
gene and PM2.5 on lung function, this study strengthened
our confidence in exploring the gene-environment interaction on cardiopulmonary diseases in future research.
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