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Abstract

Cooking fumes (CFs) are mixtures of many toxic components, such as aldehydes,

heterocyclic amines, polycyclic aromatic hydrocarbons, fat aerosols and particulate matters. CFs exposure has

been proven to be associated with many diseases. Lung cancer takes the leading place among the diseases being

reported caused by CFs exposure. Molecular and biochemical studies have found that CFs exposure may lead

to lung cancer by gene damage, formation of reactive oxygen species, blockage of related proteins’ function,

and even cell death. However, reviews about the mechanisms of how CFs exposure leads to lung cancer are still

lacking. Elucidation of the mechanisms of lung cancer caused by CFs exposure may provide a new insight into

the prevention of lung cancer caused by CFs exposure, as well as laying the foundation for the toxicity study of

CFs. In this minor review, the mechanisms of how CFs exposure leads to lung cancer were summarized and

discussed.

Chin Med Sci ] 2017; 32(3):193-197.

DOI: 10.24920/]1001-9294.2017.026

OOKING fumes (CFs) are mainly produced dur-
ing cooking fuels burning, cooking oil volatiliza-
tion and reaction during heating process, the
reaction between food and cooking oil.13 CFs
are mixture of many components, and the composition of
CFs may depend on the kinds of food, the kinds of cooking
oil and the cooking method.* Though the composition of
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CFs may be varied, it always contains many toxic compo-
nents such as aldehydes, heterocyclic amines (HCAs), pol-
ycyclic aromatic hydrocarbons (PAHs), fat aerosols and
particulate matters (PM).1 56

The production of CFs was recognized as the main
source of indoor air pollution.” Due to the complex toxic
compounds in CFs, CFs exposure may lead to lung toxicity,
immune toxicity, hereditary toxicity, potential carcinogen-
icity, and so on. According to the World Health Organiza-
tion (WHO), nearly 3% of the global burden of diseases
(approximately 1.6 million excess deaths annually) was
caused by human-based combustion activities such as
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cooking and heating ® Among the diseases caused by CFs
exposure, lung cancer was the most reported one.3 916
Many studies have demonstrated the relationship between
CFs exposure and lung cancer. The mechanisms of lung
cancer caused by CFs exposure were also investigated in
several studies. However, reviews about the mechanisms
of how CFs exposure leads to lung cancer are still lacking.

Elucidation of the mechanisms of lung cancer caused by
CFs exposure may provide new methods to prevent lung
cancer caused by CFs exposure. It can also provide the foun-
dation for the toxicity study of CFs. In this review, the effects
of CFs on lung cancer were summarized and discussed.

MECHANISMS OF HOW COOKING FUMES
EXPOSURE LEADS TO LUNG CANCER

CFs exposure had been proven to be associated with
the increased risk of lung toxicity, immune toxicity, hered-
itary toxicity, potential carcinogenicity, and so on,7 4 17
among which, the relationship between lung cancer and
CFs exposure was studied most intensively. The associa-
tion between lung cancer and CFs exposure has been
proven in several epidemiologic studies.'® Molecular and
biochemical studies have found many toxic components in
CFs that may lead to gene damage and lung carcinogenesis
(Fig. 1). In addition, CFs exposure is related to the formation
of reactive oxygen species (ROS), the blockage of related
proteins’ function, and even cell death (Fig. 1). Particularly
fine particulate matter (PM2.5) of CFs could penetrate into
the lungs readily, which would increase the incidence of res-
piratory and cardiovascular diseases.'?

Cooking fumes exposure leads to lung cancer by gene
damage

Many components in CFs are carcinogenic, especially the
components of PAHs, aromatic hydrocarbons and HCAs.?°
Genotoxic studies showed that CFs own the ability to in-
duce gene mutations in bacteria, oxidation of DNA bases,
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single stranded DNA cleavage, sister chromatid exchange
and DNA cross-links.17: 20

Cooking fumes exposure leads to lung cancer by affecting
the function of DNA repair system

In human genomes, there is an important system named
DNA repair system, which plays an important role in the
maintenance of genomic integrity, and protecting the hu-
man genomes from damage by environmental carcinogens.
Genetic variations in DNA repair genes could affect DNA re-
pair capacity and lead to higher risk of lung cancer.?t The
human 8-oxoguanine DNA glycosylase 1 (hOGG1), apuri-
nic/apyrimidinic endonuclease 1 (APE1), and adenosine di-
phosphate ribosyl transferase (ADPRT) genes are among the
most important DNA base excision repair genes. Xue et al*?
studied the effect of these genes polymorphisms combined
with CFs exposure on the risk of lung adenocarcinoma in
Chinese non-smoking females. Their study indicated that
the hOGG1 Ser326Cys polymorphism showed to be associ-
ated with the risk of lung adenocarcinoma. In addition, sig-
nificant gene-environment association between CFs expo-
sure and hOGG1 326Cys/Cys genotype was found in lung
adenocarcinoma among female non-smokers. Yin et al??
studied the association between single nucleotide polymor-
phisms of DNA repair genes and the risk of lung adenocar-
cinoma, and the stratified analysis suggested that increased
risk associated with ERCC2 751 variant genotypes (AC/CC)
was more pronounced in individuals without exposure to
cooking oil fume (OR 1.98, 95%CI 1.18-3.32) and those
without exposure to fuel smoke (OR 2.47, 95%CI 1.46-
4.18). Urinary 8-OHdG is an important repair product
through the base excision repair pathway.?* The meas-
urement of urinary 8-OHdG is useful in evaluating the risk
of lung cancer. By the measurement of urinary 8-OHdG,
Pan et al*®> found CFs exposure could lead to oxidative
DNA damage. Furthermore, oxidative stress response of
female restaurant workers was greater than male restau-
rant workers.
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Figure 1. Mechanisms of lung cancer caused by cooking fumes exposure.
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Cooking fumes exposure leads to lung cancer by affecting
the function of miRNAs

MicroRNAs (miRNAs) are of the class of noncoding RNAs,
approximately 20 nucleotides in length, which play an im-
portant role in the pathogenesis of human lung cancer.?®
Yin et al ° investigated the effect of polymorphisms of pre-
miRNA genes and cooking oil fume exposure on the risk of
lung cancer. They found the combination of the five risk
genotypes of miRNA Single Nucleotide Polymorphisms
(SNPs) (miR-146a rs2910164, miR-196a2 rs11614913,
miR-608 rs4919510, miR-27a rs895819 and miR-423
rs6505162) with the risk factor (cooking oil fume exposure)
contributed to a significantly higher risk of lung cancer.

Cooking fumes exposure leads to lung cancer by block-
ing the function of related proteins

There are many kinds of proteins that playing important
roles in regulating cellular function or DNA repair. These
proteins play important roles in various diseases such as
cancer. Many studies demonstrated that exposure to CFs
might lead to polymorphism of such proteins, thus affect-
ing the function of them. Among these proteins, X-ray re-
pair cross-complementing group 1 (XRCC1) protein plays
an important role in DNA repair.?” In the study of Li et a/,*3
they investigated the relationship among XRCC1 polymor-
phisms, CFs exposure and lung cancer. They found that,
CFs exposure was associated with lung cancer, and XRCC1
Arg399GIn and T-77C polymorphisms may alter the risk of
lung cancer in female nonsmokers in China. Another im-
portant protein of glutathione S-transferases also plays an
important role in regulating cellular functions. Phukan
et al*! investigated the relationship among household ex-
posure, dietary habits, glutathione S-transferases M1, T1
polymorphisms, and the risk of lung cancer. They found
CFs exposure was significantly associated with an in-
creased risk of lung cancer. Significant correlation was also
observed for interaction of glutathione S-transferases pol-
ymorphisms with some of dietary habits.

Cooking fumes exposure leads to lung cancer by af-
fecting cell viability

Many toxic components in CFs were related to the for-
mation of ROS and the induction of cellular events resulting
in cell death.® PAHs of CFs especially have carcinogenic
properties on mucosal and endothelial lining of the upper
aerodigestive tract.?® According to the study of Wu and
Yen,'” the compounds of trans-trans-2,4-decadienal, t-t-
2,4-DDE in CFs might induct ROS to human lung carcinoma
pulmonary type II-like epithelium cells. Cao et al* also
demonstrated that, with CFs exposure, the viability of lung
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type Il -like epithelium cells decreased in a dose- and time-
dependent manner. Cell cycles of lung type Il -like epithe-
lium cells were disturbed by CFs exposure at a low concen-
tration. Similarly, Che et a/*® also found CFs can lead to
apoptosis via mitochondrial and death receptor pathways
in alveolar epithelial type 1I cells. In addition, particularly
PM2.5 of CFs could penetrate into the lungs readily, which
would directly lead to the death of cells.*®

Cooking fumes exposure leads to lung cancer by di-
rect invasion to organs

The evaporated oil, PM and many other macromolecules in
CFs could enter respiratory system directly with the con-
tact of breath. When these components go through the
respiratory system, some of them may deposit and attach
to the surface of respiratory system, which in turn will af-
fect the function of respiratory system. Once these com-
ponents attach to the surface of respiratory system, they
might discourage the gas exchange between the pneumo-
cytes and gas in lung. These would lead to respiratory sys-
tem diseases such as lung cancer finally.

PROSPECTS

CFs are mixtures of many toxic components, which is
a main source of indoor air pollution. Due to the toxic com-
ponents in CFs, CFs exposure has been proved to be asso-
ciated with the increased risk of lung toxicity, immune tox-
icity, hereditary toxicity potential carcinogenicity and so on.
Among which, lung cancer caused by CFs exposure was
most studied. The mechanisms of lung cancer caused by
CFs exposure were also studied in several published papers.
However, further research about how CFs exposure leads
to lung cancer is still needed. In addition, the relationship
between CFs exposure and lung cancers has been widely
studied. However, the relationships between CFs exposure
and other systemic diseases (e.g. blood circulation system,
immune system, reproductive system) are less studied.
Due to the strong toxic impact of CFs exposure on organs,
more studies about the toxic impact, impact mechanism
and disposal methods of CFs need to be carried out.
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