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Abstract Immune system is critical to protecting human
health from toxic substances. Our previously published re-
search had found an important link between polycyclic aro-
matic hydrocarbons (PAHs) in ambient air and changes at the
DNA level in immune cells that led to impaired function of
regulatory T (Treg) cells in children living in California, USA.
But molecular and cellular pathways of these changes remain
unclear. The present study aims to explore whether exposure
to PAHs leads to changes in Treg cells functions of children
living in Gansu, China, where ambient air pollution levels are
much higher than those in California, and to explore potential
mechanisms of PAH-induced immunological dysfunctions.
Air pollutions in Lanzhou and Lintao, Gansu Province, were
measured from December 2015 to June 2016. Healthy chil-
dren were recruited from both cities and enrolled in this pilot
study. Demographic information was collected by question-
naires. Blood samples were collected. Peripheral blood Treg
cells were analyzed for Treg cells percentage by flow cytom-
etry. Gene expression of forkhead box transcription factor 3

(Foxp3), transforming growth factor-β (TGF-β), and interleu-
kin 35 (IL35) were examined by reverse transcription-
polymerase chain reaction (RT-PCR). The results indicated
PAH concentration (as sum of 16 PAHs) in Lintao was over
two times higher than that was in Lanzhou (707 vs. 326 ng/
m3), whereas PM2.5 concentration was comparable in two
cities (55.3 in Lintao vs. 65.7 μg/m3 in Lanzhou). Notably,
we observed lower gene expressions for Foxp3 (P < 0.05),
IL35 (P < 0.05), and TGF-β, in children living in Lintao,
suggesting an impairment of Treg cells function potentially
associated with higher PAH exposure in Lintao. However,
no significant difference was observed in Treg cells % among
CD4+ T cells between Lanzhou and Lintao groups.
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a class of
organic compounds that consist of two or more fused
benzene rings. They are ubiquitous in ambient air pol-
lution and mainly generated by the incomplete combus-
tion of organic matter such as coal, wood, tobacco, and
fossil fuels (Kavouras et al. 2001; Pleil et al. 2004).
Although the major concern for PAHs has been their
carcinogenicity (IARC 1987), cumulative evidence in-
dicates that PAHs in air pollution are associated with
impaired immunological functions, which may lead to
decreased pulmonary function, allergic disease, adverse
birth outcomes (preterm birth and birth defects), and
glucosedys regulation and obesity (Arnold et al. 2008;
Lin et al. 2016). However, evidence on PAHs-induced
immune-toxicity has been mainly from animal studies,
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such as in mice or fish, and from in vitro human cell
studies. Information is scarce on in vivo human health
studies. Compared to adults, children are at a higher risk
for adverse health consequences associated with ambi-
ent air pollution exposure. The critical period of growth
and development in children increases their immune
system’s sensitivity and vulnerability to environmental
exposures. The survey organized by American CDC
showed that more than 10 million children below the
age of 21 years old had atopy which including asthma,
allergic rhinitis, and atopic dermatitis, and prevalence of
these atopic disease had increased over the past years
(Gupta et al. 2011; Moorman et al. 2012). Ambient air
pollution is suspected to be one of the most important
reasons for this problem (Perez et al. 2013).

Due to the rapid economic development, China is
experiencing serious air pollution. Unlike in developed
countries, where traffic pollution is the major contributor
of ambient air pollution in most cities, in China, biomass
and coal burning contributes greatly to the emissions of
fine particulate matter (PM2.5, particles with aerodynamic
diameter equal or less than 2.5 μm) and PAHs. In fact,
residential biomass combustion was estimated to account
for 47% of the total PAH emission in China (Li et al.
2014). So far, majority of air pollution studies in China
has been focused on large cities. Major control measures
have also been taken to fight air pollution in urban areas.
Air quality in small cities and rural areas has been largely
overlooked where exposure to PAHs could be worse, be-
cause biomass and coal burning are not regulated as they
are in major cities. This leaves children in less developed
area at a great risk of increased PAH exposure, but mean-
while provides a unique opportunity to examine potential
immunological effects of PAH exposure over a wider con-
centration range, as well as with different composition,
than possible in developed countries.

Regulatory T (Treg) cells are suppressors of immune re-
sponses and play an essential role in maintaining immunolog-
ical homeostasis. Treg cells establish early in life, which is
critical for immunological self-tolerance in children
(Verhasselt et al. 2008). Ambient air pollution has been found
to potentially lead to hypermethylation of forkhead box tran-
scription factor 3 (Foxp3) gene, a key transcription factor of
Treg cells activity, causing impaired Treg cells suppression
(Nadeau et al. 2010). These researchers also reported an asso-
ciation between number of methylated CpG islands in Treg
cells Foxp3 gene and PAH exposure, an important link be-
tween PAHs in ambient air pollution and epigenetic changes
in immune cells that led to impaired Treg cells function in
children living in California, USA (Nadeau et al. 2010). It
was the first published paper reporting these findings.
However, these results were inconclusive due to unmeasured
confounders such as ethnicity and social economic status.

Meanwhile, the molecular and cellular pathways of PAH-
induced Treg cells dysfunction remained unclear.

This pilot study aimed to explore whether exposure to air
pollution, specifically PAHs, lead to impaired immune func-
tion among children living in Lanzhou, Gansu Province, a
typical large city in northwest China, and Lintao, a small city
near Lanzhou, where (in both cities) ambient air pollution
levels are much higher than those in California, USA, and to
explore potential mechanisms of PAH-induced immunologi-
cal impairments. Lanzhou was located in a narrow valley and
was once among ten most polluted cities in China (Wang et al.
2012). Since 2012, many air pollution control measures have
been implemented to reduce industrial emission, coal combus-
tion, and automobile exhaust to curb severe air pollution in the
city. In contrast, Lintao is a small city 80 km southwest of
Lanzhou and has only 5% of Lanzhou’s population (0.13 vs.
2.5 million in the urban area). It is encompassed by flatlands
compared mountains surrounding Lanzhou. There is little in-
dustrial emission of air pollutants in Lintao. However, coal
and biomass burning are not regulated in Lintao.
Immunological outcomes examined included Treg cells count,
as % of CD4+ T cells and gene expression of Foxp3,
transforming growth factor-β (TGF-β) and interleukin 35
(IL35). Foxp3 and TGF-β are key transcription factors that
are implicated in Treg cells function (Marson et al. 2007;
Sakaguchi et al. 2009; Cohen et al. 2006). IL35 is a cytokine
produced by Treg cells and suppresses inflammatory re-
sponses of immune cells. Although the results from a pilot
study cannot be generalized for larger populations, this explor-
atory evaluation provides important information on the im-
mune responses to high level PAH exposure in pollution cities
of northern China.

Materials and methods

All procedures and methods of this study were approved by
the Committee for the Protection of Human Subjects at the
University of California, Berkeley (Project identification
code: 00006252), and Lanzhou University (Project identifica-
tion code: IRB150626-1).

Subjects

Children (10–13 years old) from Chengguan District, a major
residential and commercial area of the Lanzhou City (n = 21)
and Lintao City (n = 21), were enrolled in this pilot study. All
participants were healthy children recruited during their regu-
lar checkup at local health examination centers. Children from
Lanzhou all lived within 5 km of Lanzhou EPA compliance
monitoring site in Chengguan District. Whereas, all partici-
pants from Lintao had resided in the immediate vicinity of the
air monitoring site set by the present study. No government
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air-monitoring site was established in Lintao. Subjects had
lived at their residences for at least 1 year when recruited.
There was no major highway near either study site. Two
groups were frequency-matched by age and gender. A ques-
tionnaire was administrated by trained researchers to collect
basic information on demographic and general health history.
Subjects were excluded if they had been taking oral immuno-
suppressives within 5 days of the blood sample collection, had
a chronic disease, and/or had acute infection.

Exposure to air pollutants

Air pollution samples were collected weekly in both Lanzhou
and Lintao from December 2015 to June 2016. While few
samples were lost during the sampling, there were a total of
81 PAH and 61 PM2.5 samples. Details of sample collection
and analysis methodologies are described elsewhere (Liu et al.
2017). In brief, PM2.5 was collected on glass fiber filters
(Whatman, Maidstone, UK) by intellectual medium volume
total suspended particle (TSP) sampling-meter (Model:
WT10-TH-150AII, Wuhan, China) at a flowrate of 100 l/
min for 24 h and followed by gravimetric analysis. PAHs were
collected on 47 mm XAD-4 coated quartz filters at a flowrate
of 5 l/min for 24 h with PM2.5 impactor installed. Sixteen
PAHs were analyzed in filter samples using GC/MS (Noth
et al. 2016).

Separation of peripheral blood mononuclear cells
and detection of gene expressions

Flow cytometer analysis

Two microliters (μl) of antibody (Becton Dickinson,
America), including CD4-, CD25-APC, and CD127-PE, was
added into 50 μl whole blood sample in a 1.5-ml tube and
incubated at 4 °C in the dark for 15 min. Then, 450 μl red cell
lysing reagent (Beyotime, China) was added into the tube and
pyrolysed in the dark again for 15 min at 4 °C. Next, the
solution was centrifuged with 400g for 10 min, and the super-
natant was removed to obtain peripheral blood mononuclear
cells (PBMCs). Finally, the cells were gently resuspended
with 500 μl PBS and ready for detection by flow cytometer.
Data were analyzed by FlowJo analysis software (Tree Star,
Inc. Ashland, OR). The percentage of Treg cells was calculat-
ed as the number of CD4+CD25+CD127low/the number
CD4+. The above operations were performed on ice and re-
peated three times for each blood sample.

Separation of PBMCs

Anticoagulant EDTA-K2 was added into 2 ml whole blood for
each blood sample. The mixture was centrifuged at 4 °C, 400g
for 5 min to remove plasma. Then, the sample was diluted by

approximately 2.5 ml RPMI 1640 (HyClone, America) to
4 ml, and the mixture was added into a new glass tube con-
taining 4 ml Ficoll-Paque (GE Healthcare, England); then, the
sample mentioned above was centrifuged at 18 °C, 400g for
40 min to isolate PBMCs. Supernatant was removed, and the
PBMCs were collected into a 10-ml glass tube. Then, 6 ml
cold PBS was added into collected PBMCs to wash. After a
gentle mixing, the cell suspension solution was centrifuged at
18 °C, 100g, for 10 min. Supernatant was removed, and cell
dumps were suspended with 1 ml RPMI 1640. With a gentle
mixing, PBMCs were ready to be used to detect gene
expression.

The mRNA expression detection by reverse
transcription-polymerase chain reaction

The mRNA expressions of IL-35, TGF-β, and Foxp3 were
examined using reverse transcription-polymerase chain reac-
tion (RT-PCR). Total RNA was extracted from PBMCs with
TRIzol Reagent (Ambion, America), avant in and chloroform,
diethyl pyrocarbonate DEPC, and 75% ethanol. Reverse tran-
scription reactions were performed with PrimeScript TMRT
Master Mix kit (TaKaRa, Japan) according to the manufac-
turer’s protocol. Briefly, 1 μg of the total RNAwas incubated
with 5 × PrimeScript RT Master Mix and had RNAase Free
ddH2O added up to 10 μl. The reverse transcription reaction
was performed at 37 °C for 15 min then inactivated by heating
the samples at 85 °C for 5 s. The complementary DNA
(cDNA) was stored at − 80 °C for PCR. All PCRs were per-
formed using SYBR Premix Ex Taq kit (TaKaRa, Japan) on
iQ5 (Bio-Rad, America). The total volume of 25 μl RT-PCR
reaction mixture included 12.5 μl of SYBR Premix Ex Taq,
1 μl (10 μmol/L) of forward primers, 1 μl (10 μmol/L) of
reverse primers, 2 μl of cDNA, and 8.5 μl of ddH2O. The
cDNA of β-actin, used for internal control, was also ampli-
fied. The amplification conditions were used for all genes and
consisted of a predegeneration cycle of 30 s at 95 °C, 40 cycles
of PCR consisting of 5 s at 95 °C for denaturation, and 60 s for
annealing/extension. The melt curve analysis program
consisted of 95 °C for 10 s, 72 °C for 5 min, and a step cycle
starting at 65 °C with a 0.2 °C/s transition rate to 95 °C.
Negative controls and internal control were also run in each
plate. The primers of genes are as follows (Table 1):

The specificity products of RT-PCR were confirmed by
melting curve analysis. Threshold cycle (CT) value measured
the fluorescence and corresponded to the fixed threshold on
the amplification curve. The CT value of β-actin acts as the
inner control for the target genes. △CT is the CT value of β-
actin minus the CT value of the target gene. Fold changes in
gene expression for each sample were calculated with the
2^(− △CT) method relative to control after normalization of
gene-specific CT values to β-actin CT value. All samples
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were run at least three times, and the relative expression of
mRNAwas normalized to the mRNA of β-actin.

Statistical analysis

All data were indicated as the mean ± standard deviation (SD).
Statistical analysis was performed with GraphPad Prism soft-
ware 5.0. Comparisons between two groups and was made by
using Wilcoxon Test. P < 0.05 were considered to be statisti-
cally significant.

Results

Subjects’ characteristics

Ambient air pollution data were shown in Table 2, which
confirmed contrasts in pollution concentrations between
Lanzhou and Lintao. The study included 42 children, of which
half were from Lanzhou (including 8 boys, 13 girls), and half
were from Lintao (including 7 boys, 14 girls). The subjects
were mainly Han Chinese [21 subjects (100%) from Lanzhou
and 18 subjects (85.7%) from Lintao], while three (14.3%)
subjects from Lintao were Tibetan. The age of subjects was
11.67 ± 0.86 in Lanzhou and 11.38 ± 0.59 in Lintao, with no
significant difference between groups. Several variables were
significantly different between two groups, including educa-
tional level, family income, parental smoking rate, and house-
hold fuel use (Table 3). For example, the educational back-
ground for parents of subjects from Lanzhou were higher than
those fromLintao (P < 0.01), with 17 (81%) parents graduated

from universities in the Lanzhou group, whereas only 2
(9.6%) parents graduated from universities in the Lintao
group. All the rest parents were high school graduates.
These differences may have influences on exposure and/or
outcomes measured.

Percentage of Treg cells

Treg cells play an important role in immune regulation. Flow
cytometry analysis demonstrated that the number of Treg cells
in the box of the flow cytometry chart was similar between the
Lintao and Lanzhou groups (Fig. 1a). The percentage of Treg
cells was represented by the number of CD4+CD25+CD127low

T cells divided by the number of CD4+ T cells. Data analysis
revealed that themean percentage of Treg cells was 7.623 in the
Lintao group and 7.437 in Lanzhou group, which were not
statistically different (Fig. 1b).

The expression of cytokines

Foxp3 (Bennett et al. 2001; Hori et al. 2003), TGF-β
(Yamagiwa et al. 2001), and IL-35 (Collison et al. 2007) all
produce human Treg cells. They also regulate Treg cells’ func-
tion. RT-PCR was performed to compare the relative transcript
level of Foxp3, TGF-β, and IL-35 gene in different groups. The
data showed that expression of Foxp3 mRNAwas 0.00008 and
0.00015 in Lintao and Lanzhou groups, respectively. The sta-
tistical analysis indicated that the relative expression of Foxp3
mRNA was significantly decreased in the Lintao group
(P < 0.05) (Fig. 2a). The IL-35 mRNA expression was also
significantly lower in the Lintao group (0.00035) compared to
that of the Lanzhou (0.00172) group (P < 0.01) (Fig. 2c).
However, the difference in the expression of TGF-β mRNA
was not significant, although it was lower in the Lintao group
(0.00219) compared to the Lanzhou group (0.00328) (Fig. 2b).

Discussion

Treg cells, formerly known as suppressor T cells, are very
important for keeping the homeostasis of the immune system.
It is also involved in many immune diseases under abnormal
conditions. There are varieties of studies indicating that the
number of Treg cells is reduced in subjects of systemic lupus
erythematosus (Shimon et al. 2008), multiple sclerosis, and
immune dysregulation (Huter et al. 2008). PAHs-induced im-
mune-toxicity has been studied for many years, with evidence
being mainly from animal studies, such as in mice or fish, or
from in vitro human cell studies. There is little evidence from
human epidemiological studies of environmental exposure to
PAHs in ambient air pollution. Molecular and cellular mech-
anisms largely remain unclear. Epigenetic modification plays
an important role in regulating the expression of genes (Miller

Table 2 The concentration of PAHs and PM2.5 in Lanzhou and Lintao
(December 2015–June 2016)

PAHs (sum of 16), ng/m3 PM2.5, μg/m
3

Lanzhou 388.5 ± 336.9 65.7 ± 26.5

Lintao 707.3 ± 743.4 55.3 ± 26.7

Table 1 The primers of the genes

Genes Primer sequences

β-actin Forward: 5′-GACATCCGCAAAGACCTG-3′

Reverse: 5′-GGAAGGTGGACAGCGAG-3′

Foxp3 Forward: 5′-GGTGCTGGAGAAGGAGAA-3′

Reverse: 5′-GATGATGCCACAGATGAAG-3′

TGF-β Forward: 5′-AGCAATCTGTGGGTTGTGACT-3′

Reverse: 5′-GGTAGAGCGATTACGACTCTGTT-3′

IL-35 Forward: 5′-CCTTGCACTTCTGAAGAGATTGA-3′

Reverse: 5′-ACAAGGCCATCATAAAAGAGGT-3′
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and Ho 2008; Baccarelli et al. 2009). Nadeau et al. (2010)
reported ambient air pollution exposure led to hypermethyla-
tion of the Foxp3 locus and impaired Treg cells function, as
well as an association between PAH exposure and total num-
ber of methylated CpG islands in Treg cell Foxp3 gene among
children living in California, USA, which was the first pub-
lished paper reporting these findings. However, strong argu-
ments have been made on unmeasured confounding from
non-homogenous ethnicity and unbalanced social economic
status between groups in Nadeau et al. (2010). In the present
study, we observed lower mRNA expression for Foxp3, IL35,
and TGF-β in children living in Lintao than those of in
Lanzhou. Our air monitoring data indicated that ambient
PAH concentration was two times higher in Lintao than that
was in Lanzhou. These results are consistent with observa-
tions reported by Nadeau et al. (2010) in Fresno, CA. The
strengths of the present study are, first, Lintao is only 80 km

from Lanzhou. Lifestyle and dietary habits are very similar
among people living in these two cities. Secondly, the ethnic-
ity was highly similar in two groups studied. The present
study also provides more discrimination between PM2.5 and
PAH exposures. In air pollution studies, pollutants are often
correlated. In this study, while PAH concentration was two
times higher in Lintao, PM2.5 concentrations were actually
comparable, indicating PAHs might have played a more im-
portant role in air pollution-induced immunological impair-
ments. It is interesting to find that immunological changes
were in the same direction and at similar magnitudes when
particulate matter and PAHs were three times and 100 times
higher, respectively, in these two Chinese cities than those
were in Fresno, California (annual average were 21.2 μg/m3

and 4.4 ng/m3 forPM2.5 and PAHs, respectively) (Nadeau
et al. 2010). Mechanisms of how immune system copes with
such high pollution exposures warrant further investigation.

Table 3 Characteristics of
subject groups Characteristics Category Lanzhou

n = 21(%)

Lintao

n = 21(%)

Sex Male 8 (38.1%) 7 (33.3%)

Female 13 (61.9%) 14 (66.7%)

Ethnicity Han nationality 21 (100%) 18 (85.7%)

Tibetan 0 (0) 3 (14.3%)

Age Mean ± SD 11.67 ± 0.86 11.38 ± 0.59

Education University 17 (81%) 2 (9.6%)*

High school 4 (19%) 19 (90.4%)*

Family income ≧ 30,000 RMB 21 (100%) 3 (14.3%)*

< 30,000 RMB 0 (0) 18 (85.7%)

Cooking and heating fuel Coal, firewood 0 (0) 8 (38.1%)*

Natural gas, electricity 21 (100%) 13 (61.9%)

Parental smoking Yes 11 (52.4%) 18 (85.7%)*

No 10 (47.6%) 3 (14.3%)

*P < 0.01

Fig. 1 The number of Treg cells in different groups. PBMCs were
obtained from peripheral blood samples, and Treg cells were sorted by
flow cytometry. Treg cells were marked as CD4+CD25+CD127low

(Lintao, n = 21; Lanzhou, n = 21). The percentage of Treg cells equals

the number of CD4+CD25+CD127low T cell divided by the number of
CD4+ T cell. a The result of flow cytometry analysis. b Average of % of
Treg cells among CD4+ Tcells. Vertical bars represent SD from the mean
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Functions of cytokines in immune system

Foxp3 is a transcription factor that is related to Treg cells
function and development (Fragale et al. 2008). Meanwhile,
it is also a specific intracellular marker of Treg cells (Takeuchi
and Nishikawa 2016). Treg cells manage the function of im-
mune inhibition through expression of Foxp3 (Hill et al.
2007). Studies indicated air pollution could initiate transfor-
mation of Th1 to Th2 cells, which would lead to the secretion
of Th2 cytokines such as IL-4, IL-13, and IL-35 (Truyen et al.
2006; Miller and Ho 2008; Baccarelli et al. 2009). Research
has reported exposure to PAHs increases DNAmethylation of
CpG islands of several genes in asthmatic children (Perera
et al. 2009). Human cellular toxicity studies further indicated
that increased DNA methylation of Foxp3 led to a lower
mRNA expression of Foxp3, which was associated with dys-
function of Treg cells (Woodfolk 2007; Nguyen et al. 2008). A
more recent study showed that PAHs exposure might alter
methylation patterns of Foxp3 gene involved in immune reg-
ulation (Hew et al. 2015). These changes of methylated Foxp3
might lead to inhibited protein expression (Mao et al. 2015).
In the present study, the mRNA of Foxp3 obtained from
PBMCs was used to test the expression of mRNA of Foxp3.
Results showed that subjects living in Lintao had a lower level
of Foxp3 gene expression compared to those living in
Lanzhou, suggesting a lower expression of mRNA Foxp3
influenced by the high concentration of PAHs in Lintao.

TGF-β is a key cytokine mediator in immune tolerance. It is
secreted by many immune cells. Part of its function is to adjust
the expression of Foxp3 in human CD4+ T cells and promote
CD4+CD25−T cell transformation to Treg cells (Chen and
Konkel 2010). Apart from this, it also plays an important role
in the regulating effect of Treg cells (Hew et al. 2015). Huter
et al. found that the level of TGF-β was associated with the
level of Foxp3 mRNA in asthma, suggesting that the low level
of Foxp3 mRNA might be influenced by hyposecretion of
TGF-β (Huter et al. 2008). Our data demonstrated the

expression of TGF-β having a similar trend as the level of
Foxp3 gene expression, both being lower among children liv-
ing in Lintao where PAH ambient level was much higher than
that of Lanzhou.

IL-35 is a new member of IL-12 family cytokines. It is
mainly secreted by Treg cells and is a major cytokine of im-
mune negative regulation (Chaturvedi et al. 2011; Whitehead
et al. 2012). However, it does not directly induce the produc-
tion of Foxp3 (Collison et al. 2010). Collison and his colleges
identified that IL-35 had a similar function as TGF-β in pro-
moting the production of Treg cells. Therefore, the expression
of IL-35 in Treg cells may be associated with the downstream
production of Foxp3 (Collison et al. 2007). Given the similar-
ity of people living in these two cities such as in lifestyle,
dietary habits, and ethnicity, we found differences in gene
expressions not only of Foxp3 and TGF-β but also of IL-35
between two groups, which strongly indicated the potential
influence of PAH exposure on immune parameters among
healthy children from these cities. But the specific cellular
mechanism remains to be further studied.

The number of Treg cells in the function of immune system

No significant difference was observed in the Treg cells num-
ber (as percentage of CD4+ T cells) between healthy children
living in Lanzhou and Lintao. A possible explanation is that
exposure to ambient PAHs might influence the production of
proteins at mRNA levels without leading to the significant
changes in the number of Treg cells. The miRNAs regulate
the expression of protein-coding genes. Approximately 700
miRNAs have been found in mammals. They play an impor-
tant role in biological functions (Bartel 2004; Griffiths-Jones
et al. 2006; Shimon et al. 2008). It has been reported that one
of these miRNAs, miR-155, is highly expressed in Treg cells
and contributes to the Treg cells development, but is not es-
sential for Treg cells function (Cobb et al. 2006; Zheng et al.
2007). We found significant difference in Foxp3 mRNA

Fig. 2 Relative expression of cytokines mRNA. The serumwas obtained
from peripheral blood samples. The cytokines expression was detected by
RT-PCR (Lintao, n = 21; Lanzhou, n = 21). a Expression of Foxp3
mRNA in Lintao and Lanzhou groups. b Expression of TGF-β mRNA

in the Lintao and Lanzhou groups. c Expression of IL-35 mRNA in the
Lintao and the Lanzhou groups. *P < 0.05 and **P < 0.01 based on
Wilcoxon test. Vertical bars represent SD from the mean
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expression but not in Treg cells numbers. We speculate that
micRNAs might have played a role in this phenomenon.

The exact mechanism warrants further study.

Limitations

This study focused on PAH exposure from ambient air pollu-
tion. As a pilot study, the small sample size may have limited
statistical power in detecting exposure effects. The cross-
sectional design also limited the ability to determine the cause
of immunological effects. We noticed the differences in pa-
rental smoking rate and household fuel use between two
groups, which would potentially lead to overestimation of
the effects induced by exposure to the ambient air pollution.
These factors need to be considered in the future studies in
order to better understand PAH exposure-induced immune
impairments. Unbalanced social economic status might have
influence on our results as well. Potential influence of dietary
intake of PAHs could be evaluated by testing urinary PAH
metabolites in the future research.

Conclusion

In this study, we examined the relationship between Treg cell
function and exposure to ambient air pollution, specifically
PAHs among healthy children living in Gansu, China. We
observed repressed gene expressions of Foxp3 (P < 0.05),
IL35 (P < 0.05), and TGF-β in the city with higher PAH
pollution, suggesting an impairment of Treg cells function
potentially associated with higher PAH exposure. To the best
of our knowledge, this is the first study evaluating Treg cells’
responses to the exposure of PAHs in ambient air pollution
among healthy children in China. Mechanisms of the immune
system coping with extremely high air pollution and conse-
quent health effects of any potential immune compromises
warrant further investigation.
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