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Abstract

Worldwide over 1 million people die due to lung cancer each year. It is estimated
that cigarette smoking explains almost 90% of lung cancer risk in men and 70 to
80% in women. Clinically evident lung cancers have multiple genetic and epigenetic
abnormalities. These abnormalities may result in activation of oncogenes and
inactivation of tumor-suppressor genes. Chronic inflammation, which is known to
promote cancer, may result both from smoking and from genetic abnormalities.
These mediators in turn may be responsible for increased macrophage recruitment,
delayed neutrophil clearance, and increase in reactive oxygen species (ROS). Thus,
the pulmonary environment presents a unique milieu in which lung carcinogenesis
proceeds in complicity with the host cellular network. The pulmonary diseases that
are associated with the greatest risk for lung cancer are characterized by abundant
and deregulated inflammation. Pulmonary disorders such as chronic obstructive
pulmonary disease (COPD)/emphysema are characterized by profound
abnormalities in inflammatory and fibrotic pathways. The cytokines and growth
factors aberrantly produced in COPD and the developing tumor microenvironment
have been found to have deleterious properties that simultaneously pave the way for
both epithelial-mesenchymal transition (EMT) and destruction of specific host cell—
mediated immune responses. Full definition of these pathways will afford the
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opportunity to intervene in specific inflammatory events mediating lung
tumorigenesis and resistance to therapy.

Keywords: smoking, inflammation, lung cancer, COPD; EMT

Lung cancer is the leading cause of cancer death, both in the United States and
worldwide. It is estimated that lung cancer will cause over 160,000 deaths in the
United States in 2007, and greater than one million deaths worldwide. The most
important risk factor for lung cancer is tobacco smoking, and the data supporting
this relationship are compelling (1). Compared with nonsmokers, smokers have as
much as a 30-fold increased risk of developing cancer (1-3). Thirty-one percent
and 26% of all cancer deaths in men and women, respectively, result from lung
cancer in the United States. Overall 5-year survival is only 15%, and 1-year
survival is approximately 42%. In total, lung cancer is responsible for more deaths
than prostate, colon, pancreas, and breast cancers combined. Woloshin and
coworkers have recently framed the health risks due to smoking status in a
different context (4). For men age 60 and above who currently smoke, the chance
of dying from lung cancer is of the same order of magnitude as the chance of dying
from heart disease. After age 50, it is 10 times greater than the chance of dying
from prostate or colon cancer. For women who currently smoke, the chance of
death due to lung cancer exceeds the chance of dying from breast cancer from age
40 onward (4). The tobacco smoking—induced inflammatory response yields an
array of deregulated cells, cytokines, and growth factors that are conducive to the
development of both chronic obstructive pulmonary disease (COPD) and lung
cancer. Inflammation has been suggested to promote lung cancer via several
possible pathways. For example, inflammatory cell-derived reactive nitrogen or
oxygen species may bind to DNA and thus lead to genomic alterations (5, 6).

Thus, pulmonary inflammation could play a role in cancer initiation or promotion.
The pulmonary environment of COPD, including ongoing tissue repair with
enhanced cellular proliferation, could be conducive to both DNA mutation and
angiogenesis (6). In addition, the proinflammatory cytokines released in this milieu
elevate epithelial apoptosis resistance.

SMOKING, INFLAMMATION, AND LUNG CANCER




Lung cancer evolves as a result of a series of mutational events that have been
studied in detail by numerous investigators (7). However, the molecular
pathogenesis of lung cancer remains incompletely defined. Because inflammation
appears to play an important role in the pathogenesis of lung cancer, a thorough
understanding of lung cancer pathogenesis requires consideration of the tumor
microenvironment (TME) and the inflammatory pathways operative in
carcinogenesis (8).

The tobacco-induced pulmonary cellular network presents a unique environment in
which carcinogenesis proceeds in complicity with surrounding lung inflammatory,
structural, and stromal cells. The pulmonary diseases that are associated with the
greatest risk for lung cancer are characterized by abundant and deregulated
inflammation (9—11). Pulmonary disorders such as COPD are characterized by
profound abnormalities in inflammatory pathways (12—14).

For example, among the cytokines, growth factors, and mediators released in these
lung diseases and the developing TME, interleukin (IL)-1p, prostaglandin (PG)E-,
and transforming growth factor (TGF)-f3 have been found to have deleterious
properties that simultaneously pave the way for both epithelial-mesenchymal
transition (EMT) and destruction of specific host cell-mediated immune responses
against tumor antigens (15-19).

The commonalities in smoking, COPD, and lung cancer begin with the profound
alterations induced by cigarette smoke, which contains known carcinogens as well
as high levels of reactive oxygen species (ROS). The ready induction of ROS after
tobacco smoke exposure leads to impairment of epithelial and endothelial cell
function as well as inflammation. The ongoing inflammatory processes in COPD
may be persistent even after smoking cessation and have been quantified and
related to disease progression (20). As COPD progresses, the percentage of the
airways that contain macrophages, neutrophils, T cells, B cells, and lymphoid
aggregates containing follicles increases (20).

THE FIELD CANCERIZATION EFFECT

Beginning with the groundbreaking investigations of Auerbach and colleagues
(21), an extensive literature documents that tobacco smokers' respiratory
epithelium often contains multifocal premalignant lesions that can occur

8




throughout the bronchial tree. These findings have been referred to as the field
cancerization effect, and implicate the capacity of tobacco carcinogens to
mutagenize the respiratory epithelium extensively (22). In analyzing premalignant
and malignant epithelium from patients with squamous cell carcinoma, Wistuba
and coworkers found multiple, sequentially occurring allele-specific chromosomal
deletions (loss of heterozygosity) in widely dispersed, apparently clonally
independent foci, early in the multistage pathogenesis of lung squamous cell
carcinoma (23-25). The bronchial epithelium in current and former smokers also
demonstrates multiple foci of genetic changes, as seen in patients with lung
cancers. Importantly, these changes may persist for many years after smoking
cessation (26—28). These persistent abnormalities serve as a driving force for
increased risk in a growing population; there are more than 45 million former
smokers in the United States, and the majority of new lung cancer diagnoses now
occurs in former smokers.

In addition to premalignant lesions that are visible by histologic inspection, studies
document that smoking induces field effect abnormalities even in histologically
normal lung epithelium (26, 29, 30). High-density gene expression arrays have
been used to define genes in human airway epithelial cells that are altered by
cigarette smoking (31-35). The data obtained in these studies are expected to
provide insights into lung cancer risk in smokers, with or without COPD. Spira and
colleagues recently reported that gene expression profiles in histologically normal
large airway epithelial cells could serve as a biomarker for the presence of lung
cancer (36). These findings provide a strong case for the presence of a diffuse
airway response to tobacco smoke that is not necessarily demonstrable by
conventional histologic assessments. Because the airway gene expression profiles
provide important information about the possible development of lung cancer that
1s not adequately predicted by clinically defined risk alone, Beane and coworkers
have recently proposed a clinicogenomic model that has a higher prediction
accuracy (37)

The tobacco smoking—induced changes in gene expression and cellular functions
are not confined to the pulmonary airway epithelium but have also been reported in

9




the nasal and buccal epithelium (38, 39), alveolar macrophages (40, 41), and
peripheral blood (42). These findings are consistent with the previously presented
hypotheses regarding the systemic inflammatory process operative in patients with
COPD as well as in those with lung cancer.

EPITHELIAL-MESENCHYMAL TRANSITION

EMT has been initially described as a process in embryonic development. EMT is
composed of a developmental shift from a polarized, epithelial phenotype to a
highly motile fibroblastoid or mesenchymal phenotype (43). In addition to
embryonic development, EMT has been implicated in chronic inflammation,
fibrosis, and cancer development (44—47). In normal development, EMT is a
tightly regulated process (47). In contrast, in cancer development and progression,
EMT i1s unregulated, with selective elements of the process amplified while other
aspects are circumvented (48)

CONCLUSIONS

Lung cancer 1s often intimately linked to tobacco smoking and inflammation. The
investigation of these relationships will lead to a more complete picture of the
pulmonary environment at risk for the development of lung cancer. New
investigations will revisit the original findings of Auerbach and coworkers with the
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application of the powerful tools of current genomics, proteomics, and imaging.
The refined definitions of pulmonary inflammation and pre-malignancy will afford
new opportunities for advances in risk assessment and prevention.
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