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The air pollution due to rising in population, industrial activities,
and number of vehicles in cities causes one of the major public health
problems in China. A World Bank report estimated that diseases
triggered by indoor and outdoor air pollution kill 750 000 Chinese
citizens per year [1]. Airborne particulate matter with an aerodynamic
diameter less than or equal to 2.5 μm (PM2.5) has become the fourth
leading cause of death in China [2]. PM2.5 is able absorb toxic pollutions
such as volatile organic compounds (VOCs), heavy metals, and a few
polycyclic aromatic hydrocarbons (PAHs) [3]. It can penetrate deeply
into the human respiratory system and reach the blood-air barrier [4].
Long-term exposure to PM2.5 increases the risk of respiratory diseases
such as chronic cough, asthma, chronic obstructive pulmonary
disease (COPD) and lung cancers. The exact mechanisms for causing
respiratory diseases by air pollution components in China remain
unclear.

Common Respiratory Diseases and Air Pollution
Components in China
Common respiratory diseases such as chronic cough, asthma,
COPD and lung cancers are complicated diseases. Genetic and
environmental factors contribute to the prevalence of the diseases.
Genetic and genomic studies of respiratory diseases have brought
fruitful results, but only a small component of the overall genetic
contribution to the diseases has been so far identified [5]. This might
be because of multiple small effects, rare highly penetrant mutations
or epigenetic effects. Environmental factors are the other important
courses; among them air pollution is one of the most significantly
prominent factors.
Recent years there was much work on the epidemiology of the air
pollution related diseases in China. Epidemiological evidence indicated
that the health effects of PM2.5 correlate with factors such as the
population, the location, and the sources of air pollution [6]. It indicated
that different locations exposed to the same level of PM2.5 experience
different degree of toxicity due to different mechanisms. PM2.5-bound
PAHs sampled from the atmosphere were found a typical southeastern China city (Guangzhou). The annual average concentration of
PM2.5 was 64.88 mugm-3. The annual average concentration of PAHs
in PM2.5 was 33.89 ngm-3. The significant meteorological parameters
for most of the PAHs were sunshine time, air pressure, and humidity,
together representing 10.7-52.4% of the variance in atmospheric PAH
concentrations. Motor-vehicle exhaust and coal combustion were
probably the main sources of PAHs in PM2.5 in Guangzhou [7].
Chronic cough is a very common complaint in clinics throughout
China. Clinical and basic science research on chronic cough just
began, the etiological diagnosis, treatment and pathogenesis are still
in an infant stage [8]. A study found a 3.3% incidence of chronic
cough among college students in Guangzhou [9]. It is also estimated
that patients who seek medical attention for chronic cough account
for 30-40% of the visits to respiratory clinics in China. PM particles
have been long regarded one of the causes of the chronic cough, but the
relationship has not been studied fully understood and many questions
remain to answer [10].
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Asthma and COPD are the major respiratory complicate
diseases in China. Asthma is a disease of unknown aetiology which is
characterized by intermittent inflammation of the small airways of the
lung with symptoms of wheeze and shortness of breath. The presence
of inflammation may in time lead to irreversible airway scarring and
intractable airflow limitation. Asthma cases have risen dramatically in
China over the past decade along with ever deteriorating air pollution.
The prevalence of asthma among urban children in China rose 64%
between 1990 and 2000, approached 2%. In bigger cities, where the
air quality was lower and awareness of the ailment was higher, these
figure more than doubled [11]. Chronic obstructive pulmonary disease
(COPD) is a preventable and treatable disease state characterized
by airflow limitation that is not fully reversible. It is associated with
abnormal inflammatory response of the lungs to noxious particles or
gases, primarily caused by cigarette smoking [12]. COPD is increasingly
becoming a cause of public health concern and ranks first among the
causes of disability. The overall prevalence rate of COPD in China
is 8.2% and mortality rate because of the disease is approximately
1.6%. In urban areas it is considered to be the third leading cause of
death, with a prevalence rate of 6.7% to 8.3% [12,13] . The major risk
factors accounted for COPD in China are tobacco smoking, use of
biomass fuels, and genetic susceptibility. Apart from this air pollution
contributes toward an increased risk of COPD [13].
Environmental problems have intensified and the burden of lung
cancer continues to increase in China as well. Throughout the last
three decades, the mortality of lung cancer has dramatically increased,
as shown in national death surveys. From 2000 to 2010, age specific
incidence of lung cancer increased in most age groups. It is estimated
that in 2015, the total number of new cases of lung cancer will reach
733 300 [14].
It is now important to understand how the air pollution component
PM2.5 causes the human respiratory diseases in China. PM2.5 can induce
inflammation, innate and acquired immunity, and oxidative stress
of airway. It can cause airway disorders including cough, infection,
asthma and COPD. Understanding the mechanisms of lung diseases
from PM2.5 will enhance efforts to protect at-risk individuals from the
harmful respiratory effects of air pollutants. The currently available
research platforms such as genomic, epigenetic and metagenomic
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approaches will play prominent roles in the search of the pathphysiologic mechanisms of the respiratory diseases caused by air
pollution components in China.

Genomic Approaches
Human genome contains about 25000 genes [15]. Global gene
expression profiling and RNA sequence can make it possible to examine
the transcript abundance in the designed conditions of air pollution
components in stimulated cells and tissues. Transcripts significant
at a 1% false discovery rate (FDR) with are taken forwards for the
identification of gene expression clusters in the different conditions.
The cluster analysis can discover the expression patterns of genes;
such methods are useful in their ability to represent varying degrees
of similarity and more distant relationships among groups of closely
related genes, with few assumptions about the nature of the data. The
computed trees can be used to order genes in the original data table,
so that genes or groups of genes with similar expression patterns are
adjacent [16].
Gene silencing or gene knockdown is a power tool for decoding
the networks and pathways that contain the gene of interest. When
candidate genes that are responsible for air pollution components are
identified, the next step would be study the path-physiology of the gene
products in the mechanisms of airway diseases. With the gene specific
siRNA transfection into the cells, the gene will dramatically decrease
the expression. One of the powerful approaches for gene silencing is
time series study. It applies stimulators of the cells at different time
points and examines the phenotypes in silenced cells and control cells.
Gene over-expression in cells can be completed by expression
vectors that are transfected in the cells. The interested gene is often
linked with express tag such as green fluorescent protein (GFP) as
a reporter of expression. This approach is not only very helpful to
study the location of the gene expression, but also possible show the
dynamic movement of the interested gene products after air pollution
components’ stimulation. The tagged reporter can also be used for coimmune precipitation if there is not good antibody available for the
interested gene’s product.
A knockout mouse is a genetically engineered mouse in which
one or more genes have been made inoperative and is the one of
the most use in gene targeting. The targeting process to generate a
knockout line is usually time-consuming and difficult. The use of novel
techniques such as the recombineering system in the manipulation
of mouse genome is leading to more rapid generation of knockout or
conditional knockout strains for genes of interest [17]. The technique
of conditional gene expression applies site-specific DNA recombinase
systems in mouse genome. The recent revolutionary development
of zinc finger nuclease (ZFN) and CRISPR/Cas9 systems offer other
means for genomic editing [18].
Metabolite screening can be applied in the cell level and in animal
studies after stimulation by air pollution components. It not only
provides new insight of the metabolism of the gene’s product but also
possible identifies new biomarkers for the diseases. Pharmacologic
approaches include screening the inhibitors of the pathways that the
genes products are involved in and to examine the phenotypes of
the cells after inhibition. Global gene expression profiling can also
be integrated in pharmacologic approaches for the dissection of the
gene’s functions. A recent transcriptomic analyses of airborne PM2.5
in Beijing exposure on human bronchial epithelial cells showed PM2.5
induced genes involved in responses to xenobtiotic stimuli, metabolic
response, and inflammatory and immune response pathways such as
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MAPK signaling and cytokine-cytokine receptor interaction, which
might contribute to PM2.5-related respiratory diseases [19].

Epigenetic Approaches
Epigenetic regulation modifies gene expression that is not caused
by changes in the DNA sequence but by DNA methylation, histone
modification and other mechanisms. DNA methylation involves the
addition of a methyl group to the DNA nucleotide cytosine and adenine
which lead to gene silencing. Histones are highly alkaline proteins
found in eukaryotic cell nuclei that package and order the DNA
into nucleosome. The major histone modifications are methylation,
acetylation, phosphorylation, ubiquitination and simulation. The effects
of such modifications range from gene activation to gene silencing.
Epigenetic effects are other possible causes of familial clustering.
The patterns of gene expression that determine cellular types and
function become stably restricted during development, partly through
methylation of CpG sequences and gene silencing. A good example for
environmental factor influencing epigenetic regulation came from the
evidence from children who lived in farm. Children growing up in a
traditional farming environment had lower risk of allergic respiratory
diseases. Demethylation of the FOXP3 promoter was association with
higher number of FOXP3 cells in cord blood mononuclear cells in an
extensive farming exposure environment [20]. Recent epigenomewide approach identified 36 loci that had association of serum IgE level
[21]. Air pollution components have all been strongly associated with
altered methylation at selected loci. The epigenetic approaches for air
pollution components will add new insight of the gene regulation in
common respiratory diseases in China.

Metagenomic Approaches
Human microbiota is diverse across individuals and different sites
in the body. 16S rRNA gene sequencing has been the first molecular tool
to be generally applied to the human microbiota. It gives a quantitative
description of the bacteria present in a complex biological mixture,
allowing investigation of whole communities and the identities of their
constituent members [22]. Oral microbiota are known to be involved
in upper and lower respiratory infections, which can also develop into
airway diseases such as bronchial asthma and COPD [23,24]. Although
strong evidence exists to implicate bacterial infections in the course
and pathogenesis of airway diseases, systematic studies of organisms
and how to interact with air pollution components in respiratory
diseases in China are lacking. Recent high throughput methods like
next-generation sequencing have revolutionized the way diversity of
microbial communities in varied environments. The metagenomic
approaches of air pollution components can lead to identification of
potential targets for respiratory diseases in China.
In summary, systemic approaches from genomic to metagenomic
research on air pollution components will provide an unprecedented
insight into the nature of the respiratory disease mechanisms.
Combining these approaches together with molecular biologic,
immunologic studies will bright new insight into the complicated
respiratory diseases that are caused by air pollution components in
China. It will also provide new ways to prevent and treat the diseases
in the future.
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