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Abstract
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Chronic obstructive pulmonary disease (COPD) and lung cancer are leading cause of death, and both
are associated with cigarette smoke exposure. It has been shown that 50–70% of patients diagnosed
with lung cancer suffer from COPD, and reduced lung function is an important event in lung cancer
suggesting an association between COPD and lung cancer. However, a causal relationship between
COPD and lung tumorigenesis is not yet fully understood. Recent studies have suggested a central
role of chronic inflammation in pathogenesis of both the diseases. For example, immune dysfunction,
abnormal activation of NF-κB, epithelial-to-mesenchymal transition, altered adhesion signaling
pathways, and extracellular matrix degradation/altered signaling are the key underlying mechanisms
in both COPD and lung cancer. These parameters along with other processes, such as chromatin
modifications/epigenetic changes, angiogenesis, and autophagy/apoptosis are altered by cigarette
smoke, are crucial in the development of COPD and lung cancer. Understanding the cellular and
molecular mechanisms underlying these processes will provide novel avenues for halting the chronic
inflammation in COPD and devising therapeutic strategies against lung cancer.
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Introduction
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Both chronic obstructive pulmonary disease (COPD) and lung cancer are associated with
cigarette smoking and/or various environmental pollutants exposure. They represent the fourthand second-leading causes of death in USA/worldwide respectively. COPD is shown to
increase the risk for developing lung cancer [1]. Hence, there are shared mechanisms (e.g.
chronic inflammation) in both COPD and lung cancer, or in the progression of COPD which
increase the susceptibility for lung tumorigenesis up to 4.5-fold (Figure 1). This review focuses
on current knowledge of specific processes/molecules that drive chronic inflammation which
are important in the pathogenesis of both COPD and lung cancer, and identify the potential
therapeutic targets for these chronic diseases (Figure 2).
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Chronic inflammation in COPD and lung cancer
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Cigarette smoke contains more than 1014 oxidants/free radicals and 4700 reactive chemical
compounds including aldehydes, quinones, semiquinones, nitrosamines, benzo(a)pyrene, and
other carcinogens, and it is a risk factor in the development of COPD/emphysema and lung
cancer by inducing chronic inflammation. Macrophages, neutrophils, and lymphocytes, the
main orchestrators and amplifiers in the progression of COPD, are thought to fight against
cancers by eradicating dysplastic and neoplastic cells. However, these inflammatory cells can
be manipulated to induce immune escape of cancer cells especially in a tumor-promoting
microenvironment which is created by chronic inflammation seen in lungs of patients with
COPD [2]. For example, it has been shown that COPD-like airway inflammation induced by
nontypeable Haemophilus influenza promotes lung carcinogenesis in mice [3]. Furthermore,
repeated lung injury and repair triggered by chronic inflammation enhance cell turnover and
potential genetic error, epithelial-to-mesenchymal transition and ultimately lead to lung
tumorigenesis. Interestingly, patients with COPD who are treated with inhaled corticosteroids
have reduced incidence of lung cancer and death suggesting inhibition of inflammation can
halt lung tumorigenicity [4]. These studies highlight the key role of inflammation in both the
diseases.

NF-κB pathway in COPD and lung cancer
NIH-PA Author Manuscript

It is well known that canonical and non-canonical NF-κB pathways play crucial role in
pathogenesis/development of COPD by increasing the release of pro-inflammatory mediators
leading to chronic inflammation in the lung. Indeed, NF-κB-regulated genes including
cytokines, adhesion molecules, angiogenic factors, anti-apoptotic factors, and matrix
metalloproteinases (MMPs) that all have shown to be associated with tumor progression and
metastasis. Furthermore, NF-κB in lung epithelium functions as an extrinsic promoter by
inducing the influx of inflammatory cells, thus potentiating lung adenocarcinoma metastasis.
Treatment with NF-κB inhibitors (e.g. pyrrolidine dithiocarbamate, PDTC) and IκB protease
inhibitor (tosylphenylalanylchloromethane, TPCK) repress TGF-β1-induced cell migration in
human lung cancer cells [5]. Therefore, downregulation of NF-κB activation may improve the
efficacy of first-line therapy in both COPD and lung cancer.

Adaptive immune response and immunosculpting in COPD and lung cancer
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Chronic inflammation of COPD is characterized by accumulation of neutrophils, macrophages,
B cells, CD4+-, CD8+-T cells, dendritic cells, and eosinophils, particularly in the smaller
airways, and the severity of COPD is associated with the infiltration of these inflammatoryimmune cells. The role of inflammatory cells in COPD has focused on oxidants, proteinases,
perforin and granzymes released from these cells leading to alveolar wall destruction and
mucus hypersecretion. Recently, it has been shown that adaptive immune response also
participates in the pathogenesis of COPD since mature lymphoid follicles with a germinal
center and separated T and B cells zone occur in lungs of patients with COPD [6–8]. These
lymphoid follicles are rarely found in the lungs of nonsmokers, but they are present in airways
and are correlated with the severity of COPD [6]. This may be due to the large antigen load
associated with bacterial and viral infections in lower respiratory tract during severe stages of
COPD [6]. Another possibility underlying these findings may attribute to increased exposure
to neoantigens from degraded extracellular matrix (ECM) or carbonyl modifying proteins by
cigarette smoke leading to autoimmune impairment in advanced stages of COPD [8–10].
As aforementioned, host immune cells mediate antitumor effects by eradicating aberrant cells
which is termed as immunosurveillance. However, these cells including macrophages,
neutrophils, and T lymphocytes (CD4+ and CD8+) can communicate with cancer cells through
a reciprocal and self-perpetuating interaction resulting in increased growth and resistance to
Curr Opin Pharmacol. Author manuscript; available in PMC 2010 August 1.
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immune destruction by sculpting/mounting tumor immunogenicity or attenuating anti-tumor
immune response in local milieu [2,11,12]. Indeed, the ability of alveolar macrophages to
induce T cell and anti-tumor immune responses is significantly compromised in many patients
with lung cancer. Hence, the studies on ligands and signaling pathways of communication
between cancer and immune/inflammatory cells may provide therapeutic options for not only
augmenting antitumor immune response but also blocking or overcoming immunosculpting at
the same time.

Adhesion molecules: integrins and TGF-β pathways in COPD and lung cancer
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Integrins are heterodimeric transmembrane receptors, and are involved in a variety of cellular
functions as well as in lung inflammation. Integrin αvβ6 is one of the integrins which is located
in epithelial cells, and its expression is increased during lung inflammation or injury.
Interestingly, integrin αvβ6 plays an important role in maintaining normal lung homeostasis
and preventing lung destruction since ablation of integrin αvβ6 leads to airspace enlargement
in mice by regulating TGF-β/MMP-12 pathway [13]. The inhibition of MMP-12 by integrin
αvβ6 is dependent on its ability to bind and activate latent TGF-β [13]. In addition, inhibition
of mucus hypersecretion (goblet cells) by TGF-β also contributes to its protective effect in
COPD through its type II receptor (TβRII). However, the levels of TGF-β 1 mRNA and protein
are up-regulated in the airway and alveolar epithelial cells in patients with COPD, and the
levels of TGF-β1 mRNA are positively correlated with the smoking history and degree of small
airway obstruction suggesting the pro-fibrogenic, pro-remodeling, and a cell-specific role of
TGF-β in COPD [14]. Given that a potential role as an inhibitor of normal epithelial cell
proliferation and repair, TGF-β activation may prevent proliferative response to environmental
carcinogens, such as cigarette smoke, under normal conditions. However, it is interesting to
note that human lung cancer cells can escape from autocrine growth inhibitory effect of TGFβ due to the loss/deficiency of TβRII. Restoration of TGF-β signaling through expression of
TβRII may be a potential strategy for chemotherapeutic intervention of lung cancer since the
majority of non-small-cell lung cancer (NSCLC) and small-cell lung cancer (SCLC) show
weak or no expression of TβRII. However, at the late stages of lung cancer, TGF-β promotes
tumor spreading by enhancing invasion and angiogenesis [5]. Not much information is
currently available regarding TGF- β pathways as a potential therapeutic target in clinic for
lung cancer.

NIH-PA Author Manuscript

Recent studies showed that integrin-induced cell adhesion and TGF-β-mediated fibrogenesis
are regulated by galectin-3, a galactose-binding protein. Furthermore, galectin-3 is involved
in cell cycle, apoptosis, angiogenesis, as well as airway inflammation. In addition, galectin-3
has also described as a receptor for advanced glycation end products which is increased in the
lenses and blood vessels of cigarette smokers. Interestingly, increased expression of galectin-3
occurs in small airway epithelial cells of patients with COPD as compared to non-smokers, as
well as in cigarette smoke-exposed rat lung suggesting a role of galectin-3 in pathogenesis of
COPD [15,16]. In lung cancers, differential expression of galectin-3 between different
histological cell types suggested an important role of galectin-3 in tumor cell adhesion,
apoptosis, and response to chemotherapy. Nuclear expression of galectin-3 is considered as a
significant prognostic predictor for recurrence in lung adenocarcinoma and squamous cell
carcinoma. Most importantly, the susceptibility to tobacco carcinogen [4(methylnitrosamino)-1-(3-pyridle)-1-butanone]-induced lung tumorigenesis is decreased in
galectin-3 deficient mice suggesting an important role of galectin-3 in progression of lung
cancer [17]. Further studies on the role of galectin-3 are needed to discern its potential
involvement in abnormal cell adhesion, apoptosis and angiogenesis in COPD and lung cancer.
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Hypoxia/angiogenesis in COPD and lung cancer
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Hypoxia is shown to induce pulmonary inflammation by inducing activation of transcription
factor and triggering the expression of pro-inflammatory genes. In COPD, progressive airflow
limitation and destruction of the alveolar capillary may lead to decreased oxygen transport and
alveolar hypoxia. In this context, hypoxia-inducible factor (HIF) is activated leading to
enhancement of VEGF transcription and increased angiogenesis. Interestingly, the levels of
VEGF and its receptors are decreased in emphysematous lungs and in cigarette smoke exposed
lung epithelial cells, and cigarette smoke-induced emphysematous alveolar septa are almost
avascular (limited angiogenesis). This is due to the abnormality in induction of HIF and other
signaling molecules involved in hypoxia sensing in emphysema [18]. Therefore, oxygen
therapy will offer significant short-term benefits in hypoxemic patients with COPD. However,
chronic oxygen therapy results in oxidative cellular injury leading to aggravation of lung
inflammation and cell death. Apart from altered angiogenesis, VEGF pathway is also involved
in apoptosis since inhibition of VEGF receptor 2 increased the alveolar septal cell apoptosis
resulting in airspace enlargement (emphysema) [19,20]. It is interesting to note that the
expression/level of VEGF is increased in patients with chronic bronchitis [21] implicating a
paradoxical role of VEGF in the bronchi and airspaces of patients with COPD.

NIH-PA Author Manuscript

As tumor grow their microenvironment becomes hypoxic, and HIF is activated to induce
MMPs, urokinase-type plasminogen activator receptor, and VEGF leading to progression,
invasion, and metastasis of lung cancer. VEGF is shown to be positively correlated with
progression, metastasis, and poor prognosis in NSCLC (increased angiogenesis). Intravenous
injection of siRNA directed against HIF-1α and HIF-2α reduced angiogenesis and prolonged
the survival in a Lewis lung carcinoma cancer model [22]. Bevacizumab, a monoclonal
antibody against VEGF, has shown to be effective in phase II and III trials in combination with
standard first-line chemotherapy for NSCLC. Alternative anti-angiogenic approaches such as
VEGF-trap (Aflibercept) are currently being investigated in the treatment of NSCLC with or
without others chemotherapies.

MMPs in COPD and lung cancer
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Emphysema is a consequence of an imbalance between antiproteinases and proteinases
(balance shifted towards proteinases) including elastase and MMPs from activated
inflammatory cells and epithelial cells in lungs. Lung structural cell death occurs when they
lose the attachment due to ECM degradation by MMPs as well as defective tissue repair.
Furthermore, ECM fragments have chemotactic activity to attract inflammatory cells into the
lung which aggravates the progression of emphysema in mice [23,24]. Hence, antagonism of
ECM fragments will ameliorate the progression of COPD/emphysema. Indeed, intratracheal
administration of L-arginine-threonine-arginine, a complementary peptide to elastin fragment
N-acetyl-proline-glycine-proline (PGP), attenuated LPS- and elastin/PGP-induced
neutrophilic inflammation and emphysema in mice [24]. Therefore, the development of new
compounds similar to L-arginine-threonine-arginine may represent a novel class of antiinflammatory therapy to intervene COPD.
Proteinases are also shown to induce the release of growth and other factors, such as TGF-β
and VEGF, which play a pivotal role in tumorigenesis and metastasis of lung cancer. Several
MMP inhibitors including batimastat (BB-94), marimastat (BB-2516), prinomastat
(AG-3340), BMS-275291 and ONO-4817, are currently being investigated to evaluate the
efficacy in maintenance and remission after other treatments or in combination with standard
chemotherapy in NSCLC [25–27]. However, these inhibitors act against all MMPs, and will
result in side-effects because some MMPs play a beneficial role in host defense during
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tumorigenesis. Hence, tumor-specific MMP inhibitors need to be developed for intervening
lung tumorigenesis, invasion and metastasis.

NIH-PA Author Manuscript

Cell cycle regulator in COPD and lung cancer
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Cigarette smoke is a potent genotoxic stimulus of DNA damage through oxidant stress/
carcinogens, thereby arrests cell cycle. It has been shown that the expression of
p21CIP1/WAF1/SDI1 (p21), a cyclin-dependent kinase (CDK) inhibitor, is increased in alveolar
epithelial cells exposed to cigarette smoke extract, and in alveolar macrophages and biopsies
isolated from smokers [28,29]. Furthermore, the anti-apoptotic protein Bcl-XL is increased in
alveolar macrophages from smokers suggesting that p21 may play an important role in cigarette
smoke-mediated lung inflammation by inhibiting alveolar macrophages apoptosis. Indeed,
genetic ablation of p21 attenuated lung inflammation which is associated with decreased
number of macrophages in lungs of mice exposed to cigarette smoke [30]. Chimeric
experiments also demonstrated that p21-expressing hematopoietic cells are required for
cigarette smoke-mediated lung inflammation (Yao et al, unpublished data). The mechanism
for pro-inflammatory effect of p21 is associated with activation of NF-κB pathway, p21activated kinase and galectin-3 which are crucial in cigarette smoke-mediated chronic lung
diseases including COPD. Interestingly, p21 expression is also increased in lung epithelial cells
in vitro, and in lungs of mouse exposed to cigarette smoke, and from smokers [28,29,31]. It is
well known that p21 is necessary and sufficient to trigger replicative senescence. Therefore,
cigarette smoke-mediated p21 activation may cause senescence in lung epithelial cells leading
to increased release of pro-inflammatory mediators since senescent cells are more prone to
produce pro-inflammatory mediators [31,32]. Oxidative stress increases cytoplasmic
expression of p21, and promotes transition from the G1 to the G2/M phase of the cell cycle
resulting in imbalance of apoptosis/proliferation towards hyperproliferation in lung epithelial
cells [29]. This may enhance the epithelial transition from normal to hyperplastic to
carcinomatous in smokers and patients with COPD. However, some CDK inhibitors (e.g. Rroscovitine) are shown to enhance the resolution of neutrophil-dependent inflammation in
carrageenan-elicited acute pleurisy and bleomycin-induced lung injury in mice, which are used
to treat NSCLC with encouraging results suggested the differential role of CDK inhibitors in
lung inflammation and tumorigenesis [33,34].

Autophagy/apoptosis in COPD and lung cancer
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Autophagy is a dynamic process responsible for the turnover of cellular organelles and proteins,
which are essential for maintaining cell homeostasis and conferring adaption to adverse
environmental stimuli. However, excessive autophagy will lead to cell death. Recently, it has
been shown that autophagy regulated the inflammatory immune response via controlling
inflammasome activation [35]. Interestingly, increased autophagy and apoptosis of epithelial/
endothelial cells are shown to occur in lungs of patients with COPD, in lungs of mouse exposed
to cigarette smoke, and in cells treated with cigarette smoke extract suggesting a critical role
of autophagy and apoptosis in pathogenesis of COPD [36]. The mechanism underlying these
observations is not known but it may be associated with increased oxidative stress in response
to cigarette smoke since reactive oxygen species are known to induce autophagy [37]. This is
confirmed by the study showing overexpression of extracellular superoxide dismutase
attenuated hypoxia-induced increase of early growth response protein-1 (Egr-1) which is an
important transcription factor for autophagy in lungs [38]. Interestingly, inhibition of HDACs
(in particular HDAC6) activity results in the complex formation of Egr-1 with E2F-4,
enhancing expression of microtubule-associated protein light chain 3 (LC3), the best
characterized autophagy protein [36]. Therefore, cigarette smoke-mediated decrease in
deacetylases, such as HDACs and SIRT1, regulates autophagy by acetylating autophagic
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proteins or enhancing transcriptional activation of autophagic genes through chromatin
modifications.
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It has been shown that lung cancer is resistant to pro-apoptotic effect of anti-neoplastic agents
due to defective apoptotic pathway in lung cancer cells. Autophagy is also known as type II
programmed cell death, and prolonged autophagy results in cancer cell death implying that
autophagy can be exploited as a therapeutic target for cancer [39,40]. Indeed, induction of
autophagy by mTOR inhibitor (Rad001) enhances radiosensitization in the presence of
caspase-3 inhibitor in a mouse model of lung cancer. Furthermore, knockdown of ATG5 and
Beclin-1, two essential pro-autophagic proteins, increases the survival of H460 lung cancer
cells under irradiation, and Beclin-1 haploinsufficiency in mice increases the incidence of
lymphomas and carcinomas in lungs [41]. These results suggest a clinical therapeutic potential
of autophagy inducers on lung cancer, particularly the cells which are defective in apoptosis
pathway or resistant to pro-apoptotic agents.

Chromatin remodeling/epigenetics in COPD and lung cancer
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Chromatin remodeling includes post-translational modifications of core histone proteins and
DNA methylation which is shown to regulate pro-inflammatory gene expression during the
development of COPD and lung carcinogenesis. Increased histone acetylation is observed on
the promoters of pro-inflammatory genes in airway epithelial cells and alveolar macrophages
in patients with COPD, and the degree of acetylation is positively correlated with disease
severity [42]. The mechanism that underlies hyperacetylation of histones/non-histone proteins
in lungs of patients with COPD is associated with reduced histone deacetylase (HDAC) 2 level/
activity [42,43]. This is also observed in lungs of rodents exposed to cigarette smoke [43,44].
Therapeutic strategies aimed to elevate HDAC2 activity/level, such as by phenolic antioxidants
and theophylline, are being investigated to reduce the lung inflammatory response and
attenuate corticosteroid resistance in patients with COPD [45]. Methylation of p16 promoter
is frequent in sputum of patients with COPD, and this methylation is positively correlated with
heavy cigarette smoking suggesting the involvement of DNA methylation in COPD. Further
studies on specific histone/DNA modifications and signaling mechanisms that govern
chromatin remodeling will provide the prospects of new biomarkers and/or therapeutic targets
for inflammatory airways diseases, such as COPD.

NIH-PA Author Manuscript

Similar to COPD, lung cancer also exhibits profound alteration in chromatin structure.
Genome-wide DNA demethylation with site-specific hypermethylation occurs in lung cancer
cells leading to silencing of a variety of tumor-suppressor genes by recruitment of HDACs.
The mechanisms underlying these observations may be due to aberrant expression/activity of
DNA methyltransferases (DNMTs) and demethylases in cancer cells. Methylation in the
promoters of multiple genes is shown in adenocarcinomas and NSCLC, and this methylation
is associated with tumor progression and recurrence [46]. Therefore, determination of DNA
methylation on specific gene may provide the useful biomarkers for early detection and/or
chemoprotective intervention in lung cancer. Modifications of core histone proteins increase
the complex of epigenetic alterations mediated by aberrant DNA methylation in cancer cells.
Increased HDAC1, and decreased HDAC5 and HDAC10 are correlated with advanced stage
of disease and adverse outcome in lung cancer patients. DNA demethylating agents and HDAC
inhibitors synergistically induce apoptosis in lung cancer cells, and prevent lung cancer
development in animals exposed to tobacco carcinogens. To date, there are several clinical
data available for HDAC inhibitors (e.g. vorinostat and N-acetyldinaline) in treatment of
advanced NSCLC [47], and these agents are being investigated in randomized phase III trails.
However, the specificity on a particular isoform of HDAC, optional therapeutic doses, timing,
and mode of administration are still under evaluation for these agents.
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SIRT1 in COPD and lung cancer
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SIRT1, a class III HDAC, is shown to regulate inflammation, senescence, autophagy/apoptosis,
and aging by deacetylating histones/non-histone proteins including transcription factors, coactivators and other signaling molecules, such as NF-κB FOXO, and p53. Anti-inflammatory
property of SIRT1 is associated with decreased NF-κB transcriptional activity by deacetylating
RelA/p65 at lys310 residue [48]. Given that a significant reduction of SIRT1 in rodent lungs
exposed to cigarette smoke and in lungs of patients with COPD [48,49], activation of SIRT1
may be a potential pharmacotherapy for COPD. Indeed, inhibition of SIRT1 enhanced NFκB activation whereas up-regulation of SIRT1 by SRT1720 and resveratrol attenuated
proinflammatory mediators release in response to cigarette smoke exposure [49]. However, it
is not known whether SIRT1 activators protect lung against cigarette smoke-induced immuneinflammatory and injurious responses, senescence, and endothelial dysfunction (acetylation of
eNOS, adiponection, and caveolins). The ability of SIRT1 to affect cell survival and cell cycle
progression suggests that SIRT1 might be directly involved in tumorigenesis. It has been shown
that SIRT1 is up-regulated in a number of different types of cancers including mouse lung
carcinomas and human lung cancer. Down-regulation of SIRT1 by antisense oligonucleotides
induces apoptosis in lung cancer cells suggesting its therapeutic use in lung cancer [50]. The
tumorigenic role of SIRT1 may be due to deacetylation and inactivation of the anti-apoptotic/
tumor suppressor genes p53 and p73 as well as deacetylation of histone H4 (lys16) on the
promoters of these genes. Therefore, further studies on SIRT1 regulation (and possibly SIRT6)
and its role in various cell processes would differentiate its involvement in the development
of COPD or lung cancer in response to toxicants/pollutants, and provide the potential
therapeutic targets for these diseases.

Conclusions and future directions
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Both COPD and lung cancer are tobacco smoking-associated chronic diseases that cluster in
families and aggravate with age, and 50–70% of patients diagnosed with lung cancer have
declined spirometric evidence of COPD. Furthermore, reduced lung function (FEV1) is the
important event for lung cancer indicating an association between COPD and lung cancer.
Nevertheless, a causal relationship between COPD and lung tumorigenesis is not yet known.
It is generally accepted that chronic inflammation plays a central role in pathogenesis of COPD
and lung tumorigenesis. Further investigations on the mechanisms of chronic inflammation,
such as immune dysfunction and immunosculpting, abnormal activation of transcription factors
(e.g. NF-κB), altered adhesion signaling pathways, epithelial-to-mesenchymal transition, and
oxidants/inflammation-driven ECM degradation will facilitate the understanding of how lung
cancer is associated with COPD. Cigarette smoke is known to influence the inflammationrelated processes, such as angiogenesis, autophagy/apoptosis, and chromatin remodeling,
which are critical in the development of COPD and cancer. Thus, understanding the cellular
and molecular mechanisms underlying these processes and multiple pathways will provide
novel avenues in the treatment of cigarette smoke-induced lung chronic inflammatory diseases
including COPD and lung cancer.

ACKNOWLEDGEMENTS
This study was supported by the NIH R01-HL085613 and NIEHS Environmental Health Sciences Center grant
ES01247. We apologize for not citing many original articles due to lack of space.

REFERENCES AND RECOMMENDED READING
Papers of particular interest, published within the period review, have been highlighted as:
• of special interest
Curr Opin Pharmacol. Author manuscript; available in PMC 2010 August 1.

Yao and Rahman

Page 8

•• of outstanding interest

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

1. Mannino DM, Aguayo SM, Petty TL, Redd SC. Low lung function and incident lung cancer in the
United States: data From the First National Health and Nutrition Examination Survey follow-up. Arch
Intern Med 2003;163:1475–1480. [PubMed: 12824098]
2. Reiman JM, Kmieciak M, Manjili MH, Knutson KL. Tumor immunoediting and immunosculpting
pathways to cancer progression. Semin Cancer Biol 2007;17:275–287.287 [PubMed: 17662614] ••A
comprehensive review of immunosculpting and immunoediting pathways in the progression of cancer,
and immuno-based therapeutic strategies for cancer.
3. Moghaddam SJ, Li H, Cho SN, Dishop MK, Wistuba II, Ji L, Kurie JM, Dickey BF, Demayo FJ.
Promotion of Lung Carcinogenesis by COPD-like Airway Inflammation in a K-ras Induced Mouse
Model. Am J Respir Cell Mol Biol 2009;40:443–453.453 [PubMed: 18927348] ••First experimental
evidence in vivo showing that COPD-like airway inflammation promotes lung carcinogenesis in mice.
4. Parimon T, Chien JW, Bryson CL, McDonell MB, Udris EM, Au DH. Inhaled corticosteroids and risk
of lung cancer among patients with chronic obstructive pulmonary disease. Am J Respir Crit Care
Med 2007;175:712–719.719 [PubMed: 17185647] ••Human study showing that a reduced risk of lung
cancer among patients with COPD receiving inhaled corticosteroids.
5. Fong YC, Hsu SF, Wu CL, Li TM, Kao ST, Tsai FJ, Chen WC, Liu SC, Wu CM, Tang CH.
Transforming growth factor-beta1 increases cell migration and beta1 integrin up-regulation in human
lung cancer cells. Lung Cancer 2009;64:13–21. [PubMed: 18771813]
6. Hogg JC, Chu F, Utokaparch S, Woods R, Elliott WM, Buzatu L, Cherniack RM, Rogers RM, Sciurba
FC, Coxson HO, et al. The nature of small-airway obstruction in chronic obstructive pulmonary
disease. N Engl J Med 2004;350:2645–2653.2653 [PubMed: 15215480] ••First evidence on lymphoid
follicles in airways of patients with COPD, and the percentage of lymphoid follicles in airways is
increased as COPD progressed.
7. Hogg JC. Timens W: The Pathology of Chronic Obstructive Pulmonary Disease. Annu Rev Pathol
2009;4:435–459.459 [PubMed: 18954287] •Provide an up-to-date overview on the pathogenesis of
COPD.
8. van der Strate BW, Postma DS, Brandsma CA, Melgert BN, Luinge MA, Geerlings M, Hylkema MN,
van den Berg A TimensW, Kerstjens HA. Cigarette smoke-induced emphysema: A role for the B cell?
Am J Respir Crit Care Med 2006;173:751–758. [PubMed: 16399994]
9. Voelkel N, Taraseviciene-Stewart L. Emphysema: an autoimmune vascular disease? Proc Am Thorac
Soc 2005;2:23–25. [PubMed: 16113465]
10. Lee SH, Goswami S, Grudo A, Song LZ, Bandi V, Goodnight-White S, Green L, Hacken-Bitar J,
Huh J, Bakaeen F, et al. Antielastin autoimmunity in tobacco smoking-induced emphysema. Nat Med
2007;13:567–569.569 [PubMed: 17450149] •Important finding showing that emphysema is an
autoimmune disease characterized by the presence of antielastin antibody and T-helper type 1
responses, which correlate with emphysema severity.
11. Goswami S, Sahai E, Wyckoff JB, Cammer M, Cox D, Pixley FJ, Stanley ER, Segall JE, Condeelis
JS. Macrophages promote the invasion of breast carcinoma cells via a colony-stimulating factor-1/
epidermal growth factor paracrine loop. Cancer Res 2005;65:5278–5283. [PubMed: 15958574]
12. Liu K, Caldwell SA, Greeneltch KM, Yang D, Abrams SI. CTL adoptive immunotherapy concurrently
mediates tumor regression and tumor escape. J Immunol 2006;176:3374–3382. [PubMed: 16517705]
13. Morris DG, Huang X, Kaminski N, Wang Y, Shapiro SD, Dolganov G, Glick A, Sheppard D. Loss
of integrin alpha(v)beta6-mediated TGF-beta activation causes MMP12-dependent emphysema.
Nature 2003;422:169–173. [PubMed: 12634787]
14. Takizawa H, Tanaka M, Takami K, Ohtoshi T, Ito K, Satoh M, Okada Y, Yamasawa F, Nakahara K,
Umeda A. Increased expression of transforming growth factor-beta1 in small airway epithelium from
tobacco smokers and patients with chronic obstructive pulmonary disease (COPD). Am J Respir Crit
Care Med 2001;163:1476–1483. [PubMed: 11371421]
15. Pilette C, Colinet B, Kiss R, Andre S, Kaltner H, Gabius HJ, Delos M, Vaerman JP, Decramer M,
Sibille Y. Increased galectin-3 expression and intra-epithelial neutrophils in small airways in severe
COPD. Eur Respir J 2007;29:914–922.922 [PubMed: 17251233] •First evidence showing increased
galectin-3 expression in the small airway epithelium of patients with COPD, which is correlated with
airway obstruction.

Curr Opin Pharmacol. Author manuscript; available in PMC 2010 August 1.

Yao and Rahman

Page 9

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

16. Gebel S, Gerstmayer B, Kuhl P, Borlak J, Meurrens K, Muller T. The kinetics of transcriptomic
changes induced by cigarette smoke in rat lungs reveals a specific program of defense, inflammation,
and circadian clock gene expression. Toxicol Sci 2006;93:422–431. [PubMed: 16870687]
17. Abdel-Aziz HO, Murai Y, Takasaki I, Tabuchi Y, Zheng HC, Nomoto K, Takahashi H, Tsuneyama
K, Kato I, Hsu DK, et al. Targeted disruption of the galectin-3 gene results in decreased susceptibility
to NNK-induced lung tumorigenesis: an oligonucleotide microarray study. J Cancer Res Clin Oncol
2008;134:777–788.788 [PubMed: 18204863] ••Important evidence in vivo showing galectin-3
pathway contributes to lung carcinogenesis.
18. Michaud SE, Menard C, Guy LG, Gennaro G, Rivard A. Inhibition of hypoxia-induced angiogenesis
by cigarette smoke exposure: impairment of the HIF-1alpha/VEGF pathway. FASEB J
2003;17:1150–1152. [PubMed: 12709416]
19. Edirisinghe I, Yang SR, Yao H, Rajendrasozhan S, Caito S, Adenuga D, Wong C, Rahman A, Phipps
RP, Jin ZG, et al. VEGFR-2 inhibition augments cigarette smoke-induced oxidative stress and
inflammatory responses leading to endothelial dysfunction. FASEB J 2008;22:2297–2310. [PubMed:
18263699]
20. Kasahara Y, Tuder RM, Taraseviciene-Stewart L, Le CrasTD, Abman S, Hirth PK, Waltenberger J,
Voelkel NF. Inhibition of VEGF receptors causes lung cell apoptosis and emphysema. J Clin Invest
2000;106:1311–1319.1319 [PubMed: 11104784] •First experimental evidence in vivo showing that
blockade of VEGF receptors (angiogenesis) induces apoptosis in alveolar cells and emphysema in
rats.
21. Siafakas NM, Antoniou KM, Tzortzaki EG. Role of angiogenesis and vascular remodeling in chronic
obstructive pulmonary disease. Int J Chron Obstruct Pulmon Dis 2007;2:453–462. [PubMed:
18268919]
22. Kamlah F, Eul BG, Li S, Lang N, Marsh LM, Seeger W, Grimminger F, Rose F, Hanze J. Intravenous
injection of siRNA directed against hypoxia-inducible factors prolongs survival in a Lewis lung
carcinoma cancer model. Cancer Gene Ther 2009;16:195–205. [PubMed: 18818708]
23. Houghton AM, Quintero PA, Perkins DL, Kobayashi DK, Kelley DG, Marconcini LA, Mecham RP,
Senior RM, Shapiro SD. Elastin fragments drive disease progression in a murine model of
emphysema. J Clin Invest 2006;116:753–759.759 [PubMed: 16470245] •Important finding showing
that emphysema can be induced by elastin fragments, the products of extracellular matrix degradation
by matrix metalloproteinase, in mice.
24. van Houwelingen AH, Weathington NM, Verweij V, Blalock JE, Nijkamp FP, Folkerts G. Induction
of lung emphysema is prevented by L-arginine-threonine-arginine. FASEB J 2008;22:3403–3408.
[PubMed: 18556462]
25. Bonomi P. Matrix metalloproteinases and matrix metalloproteinase inhibitors in lung cancer. Semin
Oncol 2002;29:78–86.86 [PubMed: 11894017] •A comprehensive review of the potential MMP
inhibitors in treatment for lung cancer
26. Yamamoto A, Yano S, Shiraga M, Ogawa H, Goto H, Miki T, Zhang H, Sone S. A third-generation
matrix metalloproteinase (MMP) inhibitor (ONO-4817) combined with docetaxel suppresses
progression of lung micrometastasis of MMP-expressing tumor cells in nude mice. Int J Cancer
2003;103:822–828. [PubMed: 12516105]
27. Liu J, Tsao MS, Pagura M, Shalinsky DR, Khoka R, Fata J, Johnston MR. Early combined treatment
with carboplatin and the MMP inhibitor, prinomastat, prolongs survival and reduces systemic
metastasis in an aggressive orthotopic lung cancer model. Lung Cancer 2003;42:335–344. [PubMed:
14644522]
28. Marwick JA, Kirkham P, Gilmour PS, Donaldson K, Mac NW, Rahman I. Cigarette smoke-induced
oxidative stress and TGF-beta1 increase p21waf1/cip1 expression in alveolar epithelial cells. Ann N
Y Acad Sci 2002;973:278–283. [PubMed: 12485877]
29. Tomita K, Caramori G, Lim S, Ito K, Hanazawa T, Oates T, Chiselita I, Jazrawi E, Chung KF, Barnes
PJ, et al. Increased p21(CIP1/WAF1) and B cell lymphoma leukemia-x(L) expression and reduced
apoptosis in alveolar macrophages from smokers. Am J Respir Crit Care Med 2002;166:724–731.
[PubMed: 12204872]
30. Yao H, Yang SR, Edirisinghe I, Rajendrasozhan S, Caito S, Adenuga D, O'Reilly MA, Rahman I.
Disruption of p21 attenuates lung inflammation induced by cigarette smoke, LPS, and fMLP in mice.
Am J Respir Cell Mol Biol 2008;39:7–18.18 [PubMed: 18239191] ••First experimental evidence in

Curr Opin Pharmacol. Author manuscript; available in PMC 2010 August 1.

Yao and Rahman

Page 10

NIH-PA Author Manuscript
NIH-PA Author Manuscript
NIH-PA Author Manuscript

vivo showing that the cyclin-dependent kinase inhibitor p21 regulates alveolar inflammation and
destruction by pro-inflammatory and pro-injurious stimuli.
31. Tsuji T, Aoshiba K, Nagai A. Cigarette smoke induces senescence in alveolar epithelial cells. Am J
Respir Cell Mol Biol 2004;31:643–649. [PubMed: 15333326]
32. Campisi J. Senescent cells, tumor suppression, and organismal aging: good citizens, bad neighbors.
Cell 2005;120:513–522. [PubMed: 15734683]
33. Senderowicz AM. Cell cycle modulators for the treatment of lung malignancies. Clin Lung Cancer
2003;5:158–168.168 [PubMed: 14667271] •An important review on cell cycle regulators as the
potential treatment agents for lung cancer
34. Rossi AG, Sawatzky DA, Walker A, Ward C, Sheldrake TA, Riley NA, Caldicott A, Martinez-Losa
M, Walker TR, Duffin R, et al. Cyclin-dependent kinase inhibitors enhance the resolution of
inflammation by promoting inflammatory cell apoptosis. Nat Med 2006;12:1056–1064. [PubMed:
16951685]
35. Saitoh T, Fujita N, Jang MH, Uematsu S, Yang BG, Satoh T, Omori H, Noda T, Yamamoto N,
Komatsu M, et al. Loss of the autophagy protein Atg16L1 enhances endotoxin-induced IL-1beta
production. Nature 2008;456:264–268. [PubMed: 18849965]
36. Chen ZH, Kim HP, Sciurba FC, Lee SJ, Feghali-Bostwick C, Stolz DB, Dhir R, Landreneau RJ,
Schuchert MJ, Yousem SA. et al. Egr-1 regulates autophagy in cigarette smoke-induced chronic
obstructive pulmonary disease. PLoS ONE 2008;3:e3316. [PubMed: 18830406] ••First evidence of
cigarette smoke-induced autophagy in human COPD, in pulmonary epithelial cells, and in mice
exposed to chronic cigarette smoke.
37. Scherz-Shouval R, Shvets E, Fass E, Shorer H, Gil L, Elazar Z. Reactive oxygen species are essential
for autophagy and specifically regulate the activity of Atg4. EMBO J 2007;26:1749–1760. [PubMed:
17347651]
38. Nozik-Grayck E, Suliman HB, Majka S, Albietz J, Van Rheen Z, Roush K, Stenmark KR. Lung ECSOD overexpression attenuates hypoxic induction of Egr-1 and chronic hypoxic pulmonary vascular
remodeling. Am J Physiol Lung Cell Mol Physiol 2008;295:L422–L430. [PubMed: 18599502]
39. Gozuacik D, Kimchi A. Autophagy as a cell death and tumor suppressor mechanism. Oncogene
2004;23:2891–2906.2906 [PubMed: 15077152] ••Extremely thorough review on the role of
autophagy in tumorigenesis, and autophagic cell death inducers as the potential anticancer agents.
40. Cao C, Subhawong T, Albert JM, Kim KW, Geng L, Sekhar KR, Gi YJ, Lu B. Inhibition of mammalian
target of rapamycin or apoptotic pathway induces autophagy and radiosensitizes PTEN null prostate
cancer cells. Cancer Res 2006;66:10040–10047. [PubMed: 17047067]
41. Yue Z, Jin S, Yang C, Levine AJ, Heintz N. Beclin 1, an autophagy gene essential for early embryonic
development, is a haploinsufficient tumor suppressor. Proc Natl Acad Sci U S A 2003;100:15077–
15082. [PubMed: 14657337]
42. Ito K, Ito M, Elliott WM, Cosio B, Caramori G, Kon OM, Barczyk A, Hayashi S, Adcock IM, Hogg
JC, et al. Decreased histone deacetylase activity in chronic obstructive pulmonary disease. N Engl J
Med 2005;352:1967–1976.1976 [PubMed: 15888697] •First evidence of the decreased activity/
expression of HDAC in lungs of patients with COPD which is one of the mechanisms for steroid
resistance in COPD.
43. Adenuga D, Yao H, March TH, Seagrave J, Rahman I. Histone Deacetylase 2 is Phosphorylated,
Ubiquitinated and Degraded by Cigarette Smoke. Am J Respir Cell Mol Biol 2009;40:464–473.
[PubMed: 18927347]
44. Yang SR, Chida AS, Bauter MR, Shafiq N, Seweryniak K, Maggirwar SB, Kilty I, Rahman I. Cigarette
smoke induces proinflammatory cytokine release by activation of NF-kappaB and posttranslational
modifications of histone deacetylase in macrophages. Am J Physiol Lung Cell Mol Physiol
2006;291:L46–L57. [PubMed: 16473865]
45. Barnes PJ. Role of HDAC2 in the Pathophysiology of COPD. Annu Rev Physiol. 2008 •Provide an
up-to-date overview for mechanism underlying a reduced HDAC2 in pathogenesis of COPD, and
therapeutic potential of HDAC activators in restoring corticosteroid sensitivity in COPD
46. Brock MV, Hooker CM, Ota-Machida E, Han Y, Guo M, Ames S, Glockner S, Piantadosi S,
Gabrielson E, Pridham G, et al. DNA methylation markers and early recurrence in stage I lung cancer.
N Engl J Med 2008;358:1118–1128. [PubMed: 18337602]

Curr Opin Pharmacol. Author manuscript; available in PMC 2010 August 1.

Yao and Rahman

Page 11

NIH-PA Author Manuscript

47. Gridelli C, Rossi A, Maione P. The potential role of histone deacetylase inhibitors in the treatment
of non-small-cell lung cancer. Crit Rev Oncol Hematol 2008;68:29–36.36 [PubMed: 18424067] ••An
up-to-date overview on potential role of HDAC inhibitors in the treatment of non-small-cell lung
cancer.
48. Yang SR, Wright J, Bauter M, Seweryniak K, Kode A, Rahman I. Sirtuin regulates cigarette smokeinduced proinflammatory mediator release via RelA/p65 NF-kappaB in macrophages in vitro and in
rat lungs in vivo: implications for chronic inflammation and aging. Am J Physiol Lung Cell Mol
Physiol 2007;292:L567–L576. [PubMed: 17041012]
49. Rajendrasozhan S, Yang SR, Kinnula VL, Rahman I. SIRT1, an antiinflammatory and antiaging
protein, is decreased in lungs of patients with chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 2008;177:861–870.870 [PubMed: 18174544] ••First evidence showing that the level
of SIRT1 was reduced in macrophages and lungs of smokers and patients with COPD which is due
to its post-translational modifications by cigarette smoke-derived reactive components, leading to
increased acetylation and activation of RelA/p65.
50. Sun Y, Sun D, Li F, Tian L, Li C, Li L, Lin R, Wang S. Downregulation of Sirt1 by antisense
oligonucleotides induces apoptosis and enhances radiation sensitization in A549 lung cancer cells.
Lung Cancer 2007;58:21–29.29 [PubMed: 17624472] •An important finding suggested that
inhibition of Sirt1 may be a potential therapy approach to the treatment of lung cancer.

NIH-PA Author Manuscript
NIH-PA Author Manuscript
Curr Opin Pharmacol. Author manuscript; available in PMC 2010 August 1.

Yao and Rahman

Page 12

NIH-PA Author Manuscript
NIH-PA Author Manuscript
Figure 1. Cells and mediators involved in the pathogenesis of COPD and lung cancer
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Exposure to cigarette smoke or other pollutants/toxicants induces the release of chemokines
from macrophages and epithelial cells which further attract other inflammatory and immune
cells including neutrophils, T-cells, and B-cells into the lungs. As a result of influx of these
inflammatory cells, proteases, perforin, and granzyme are released leading to alveolar wall
destruction and mucus hypersecretion. Furthermore, activated B-cells produce autoantibodies
against elastin, epithelium, and endothelium leading to autoimmune impairment in lungs.
Epithelial cells and macrophages also release TGF-β leading to small airway remodeling
through activation/differentiation of fibroblasts to myofibroblasts. Cigarette smoke is shown
to induce the release of VEGF from epithelial cells leading to angiogenesis which plays an
important role in progression, invasion, and metastasis of lung cancer. Interestingly, VEGF
receptor 2 in endothelial cells is downregulated by cigarette smoke leading to endothelial
dysfunction which occurs in emphysema.
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Figure 2. Inflammation and its related pathways in COPD and lung cancer

Cigarette smoke is an important risk factor for COPD and lung cancer by inducing
inflammation and oxidative stress in the lung. Furthermore, a number of proven and suspected
carcinogens contained in cigarette smoke can induce gene mutations/epigenetic changes,
ultimately leading to lung tumorigenesis. In addition, cigarette smoked-mediated processes,
such as abnormal immunity, angiogenesis, cell proliferation/autophagy/apoptosis, and
chromatin modifications, would differentiate and contribute to the development of COPD and
lung cancer.
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