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Abstract

Introduction: Pulmonary fibrosis is an age-related, progressive, and fatal disease with a median 

survival of 3–5 years after diagnosis; idiopathic pulmonary fibrosis (IPF) is the most common 

type. It is characterized by fibroblast proliferation and accumulation of excessive extracellular 

matrix. Patients with IPF are at increased risk for lung cancer. Epigenetic mechanisms are 

involved in lung fibrosis and cancer, and DNA methylation is critical in disease pathogenesis 

and progression. Therefore, studies of DNA methylation contribute to better understanding of 

the underlying mechanisms of these two respiratory diseases, and can offer novel diagnostic and 

treatment options.

Areas covered: This review discusses the latest advances in our understanding of epigenetic 

factors related to DNA methylation that impact development of lung cancer and pulmonary 

fibrosis, discusses the role of DNA methylation in promoting or inhibiting these diseases, and 

proposes its potential clinical significance in disease diagnosis and treatment.

Expert opinion: DNA methylation plays a critical role in lung cancer and fibrosis pathogenesis. 

DNA methylation offers a new biomarker for disease diagnosis or monitoring, and provides a new 

therapeutic target for treatment.
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1. Introduction

Pulmonary fibrosis is an age-related progressive lung disease characterized by the 

overproduction of extracellular matrix proteins, resulting in lung tissue scarring and stiffness 

[1]. The most common aggressive form is idiopathic pulmonary fibrosis (IPF), which has 

limited treatment options, poor long-term prognosis, and an average life expectancy of only 

3–5 years after diagnosis [2]. The exact etiology of IPF is unknown, but genetic factors, and 

environmental factors including smoking, chronic aspiration, viral infections, and advanced 

age have been implicated [3].

IPF is associated with a high-risk of lung cancer, and these two respiratory diseases share 

many similarities in pathological pathways and causative factors, including the high-risk 

factors, such as old age and smoking, and both have low survival rates [4–6] (Figure 1). 

The World Health Organization classifies lung cancer into two major histologic subtypes: 

non-small cell lung cancer (NSCLC), which accounts for approximately 85% of lung 

cancers, and small cell lung cancers (SCLC), accounting for the remaining 15%. NSCLC 

includes lung squamous cell carcinoma (LUSC), lung adenocarcinoma (LUAD), and large-

cell carcinoma subtypes [7]. LUSC is the most frequent type of lung cancer in IPF 

patients, followed by LUAD [8]. Only a few cases of large-cell carcinoma and SCLC have 

been reported in IPF patients, possibly reflecting greater susceptibility of IPF to different 

histological subtypes of lung carcinoma [9]. Proteomics, epigenomics, and genetics have 

defined the etiology and heterogeneity of these complex diseases and have found multiple 

common genetic, molecular, and cellular signaling pathways linking lung fibrosis with lung 

cancer [10].

In addition to these similarities, lung cancer and lung fibrosis share some common 

pathogenesis mechanisms and treatment methods, such as uncontrolled cell proliferation 

and aberrant activation of specific signaling pathways, and one anti-cancer agent, nintedanib, 

has been approved for the treatment of lung fibrosis[10]. Aberrant DNA methylation also 

contributes to pulmonary fibrosis and lung cancer development and progression [11,12]. For 

example, hypomethylation of oncogenes and hypermethylation of tumor suppressor genes 

are established pathogenic mechanisms in most tumors [13]. Similar findings have been 

reported in IPF, in which hypermethylation-silenced antifibrotic genes have been reported 

[14]. Genome-wide DNA methylation studies have revealed that differentially methylated 

cytosine phosphate guanine (CpG) islands overlap in lung cancer and IPF, suggesting 

common pathogenetic pathways between these two diseases, prompting us to explore DNA 

methylation as an epigenetic link between lung cancer and fibrosis [15]. In this review, we 

summarize the role of DNA methylation in lung cancer and fibrosis and its potential clinical 

applications as epigenetic markers and treatment targets.

2. DNA methylation

DNA methylation is a biological process that adds a methyl group to the 5’ carbon of 

the cytosine pyrimidine ring in CpG dinucleotides. Hypermethylation at promoter regions 

usually suppresses gene transcription, whereas hypomethylation underlies gene activation 

or overexpression, or causes abnormal expression of transposons and genetic instability 
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[13]. DNA methylation is mainly modulated by DNA methyltransferases (DNMTs) and 

methyl-DNA-binding proteins (MBPs) (Figure 2).

All DNMTs share a common catalytic domain consisting of six conserved amino acid 

motifs in the carboxyl-terminus, and differ significantly at the N-terminus. According to 

their structure and function, DNMTs can be divided into two major groups in mammalian 

cells [16] (Figure 2A). The first group is represented by the maintenance methyltransferase 

DNMT1 (the largest methyltransferase with a molecular mass of 184 kDa) that binds to 

hemimethylated DNA and maintains DNA methylation after replication. In addition to 

catalyzing methyltransferase reactions, DNMT1 is a crucial element of the transcription 

suppression complex that interacts with DNMT1-associated proteins, such as E2F1 and 

HDAC [17]. The second group comprises de novo methyltransferases, including DNMT3a, 

DNMT3b, and DNMT3L. This group of enzymes does not require hemimethylated DNA 

to bind, and displays equal affinity for hemi- or non-methylated DNA. These enzymes 

cooperate with DNMT1 to extend methylation [18].

Inhibiting gene expression by DNA methylation requires the recruitment of specific proteins 

to methylated CpG sites and the recruitment of co-repressors, such as histone deacetylases 

(HDACs), to establish silencing complexes that inhibit gene expression [19]. These proteins 

are usually MBPs (Figure 2B). According to their structure and function, MBPs are divided 

into three different types in mammals: methyl-CpG-binding domain (MBD), Kaiso- and 

Kaiso-like proteins, and set and ring finger-associated (SRA) family proteins [20].

3. Changes of DNMTs in lung cancer and IPF

Highly expressed DNMTs have been reported to be involved in the development of 

lung cancer [21]. Increased DNMT levels have been suggested to reflect increased 

cell proliferation [21]. Several studies have illustrated the diagnostic potential of highly 

expressed DNMT1 in patients with NSCLC. These studies suggest that it may act as 

an independent prognostic factor for poor clinical prognosis [22,23]. Increased DNMT1 

expression is consistent with the discovery of hypermethylated CpG islands in the promoter 

regions of tumor suppressor genes. Such hypermethylation results in silenced or decreased 

expression, leading to lung tumors [24].

A recent study has suggested that DNMT1 and the tyrosine kinase receptor KIT orchestrate 

lung tumorigenesis [25]. This study demonstrates a positive regulatory loop formed by 

DNMT1 and KIT. KIT overexpression in lung cancer leads to DNMT1 upregulation. 

Dual inhibition of DNMT1 and KIT expression synergistically inhibits lung tumor cell 

growth and metastasis, indicating that the regulatory and functional interplay between 

DNA methylation and tyrosine kinase signaling promotes tumorigenesis [25]. Similarly, 

overexpression of DNMT3a or DNMT3b has been reported in a variety of tumors [26,27]. 

Co-expression of DNMT1 and DNMT3a or DNMT3b in vivo leads to methylation spreading 

in the genome, suggesting cooperation between de novo and maintenance enzymes during 

DNA methylation [27].
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Although it is well established that DNA methylation contributes to the pathogenesis of 

IPF [28], how DNMT expression and activity influences IPF is not entirely understood. 

In one study [29], higher DNMT3a and DNMT3b expression were found in patients with 

IPF relative to levels in normal control subjects, but no significant difference was observed 

in DNMT1 expression, suggesting that de novo DNMTs may be upregulated in IPF. The 

most intense DNMT3a staining occurs in proliferative epithelial cells covering fibroblast 

foci [29], indicating active methylation changes in these cells. These data suggest that DNA 

methylation mediated by different DNMTs may contribute to IPF pathogenesis.

4. Changes in MBPs in lung cancer and IPF

Methylated CpG sites are usually recognized by MBPs; at least four (MeCP2, MBD1, 

MBD2, and MBD4) have been reported in mammals [30]. Some studies have demonstrated 

that MBPs, such as MeCP2, MBD1, and MBD2, can be recruited to different sites to 

bind methylated CpG islands [31,32]. For example, MeCP2 and MBD1/2 bind differently 

to methylated CpG islands in the E-cadherin promoter region [33]. MeCP2 acts as an 

oncogene in tumorigenesis by silencing genes through hypermethylation in many cancers, 

including lung cancer [34]. In squamous lung carcinoma tissues, MeCP2 interacts directly 

with DNMT1 and binds to hypermethylated promoters of tumor suppressor genes such as 

FHIT, p16INK4a, and RARβ, resulting in lung tumorigenesis and poor prognosis [35,36].

The DNA-binding domain of MBPs, SRA, can recognize 5-methylcytosine (5mC) in 

hemimethylated CpG dinucleotides [37]. There are two family members: UHRF1 and 

UHRF2 (Figure 2B). UHRF1 recruits DNMT1 to maintain epigenetic inheritance of DNA 

methylation. In lung cancer, UHRF1 controls the cell cycle through promoter methylation 

of CDKN2A and RASSF1 [38]. SRA domain-containing proteins are attractive therapeutic 

targets because of their role in silencing tumor suppressor genes. Targeting SRA domain 

conjugates with small molecules to reduce abnormal DNA methylation is a potential 

therapeutic option for cancer [37].

MBPs also contribute to the pathogenesis of IPF [29]. In addition to their usual repressive 

roles, some MBPs play active roles in gene expression. MeCP2 has been reported to 

be a transcriptional activator involved in various fibrotic diseases, including lung fibrosis 

[39–41]. Studies have shown that MeCP2 positively regulates expression of the enzyme 

ASH1L (absent, minor, or homeotic disc1-like), which methylates H3K4 (histone3 lysine4); 

H3K4 is associated with the upregulation of α-SMA, TGF-β1, and another myofibrotic 

gene expression in liver fibrosis [39]. In a murine model of lung fibrosis, MeCP2 showed 

enhanced affinity for the methylated site of the α-SMA gene promoter, and overexpression 

of MeCP2 lead to increased α-SMA expression [40]. In another study on human lung 

fibroblasts, treatment with the DNA demethylation agent 5’-azacytidine was reported to 

downregulate α-SMA expression and reduce MeCP2 association with α-SMA [41]. These 

studies suggest that MeCP2 is a critical activator of the α-SMA gene and is essential for 

regulating α-SMA gene expression in lung fibroblasts.
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5. Genes altered by DNA methylation in lung cancer and IPF

5.1 DNA methylation in lung cancer

Many genes are silenced or deregulated in lung cancer through epigenetic modifications 

[42]. Emerging studies on DNA methylation have identified many hypermethylated genes in 

lung cancer [43,44]. For example, many tumor suppressor genes are silenced by promoter 

hypermethylation in NSCLC cells. These tumor suppressor genes play essential roles in 

normal cellular functions, such as p16 acting in cell cycle regulation [45], DAPK and 

caspase-8 in apoptosis [46], TIMP-3 in suppression of invasion [47], and MGMT in 

DNA repair [48]. When hypermethylated, these tumor suppressor genes display reduced 

expression, which may correlate with tumor development and recurrence [49]. In patients 

with early NSCLC, the promoter methylation status of a panel of apoptosis/survival genes is 

associated with TNM-stages and reduced overall survival [50].

Besides apoptosis-related genes, O6-Methylguanine-DNA methyltransferase (MGMT) is 

one of the most studied DNA repair proteins [48]. MGMT silencing is involved in the 

carcinogenic process induced by smoking [51]. Higher levels of methylation (>50%) in 

the MGMT promoter are associated with the formation of bulky DNA adducts, suggesting 

that MGMT promoter hypermethylation is a common event in lung cancer patients [52]. 

In addition to MGMT, CDKN2A is another widely studied protein critical for controlling 

cell cycle progression, cellular senescence, and lung cancer development [53]. In lung 

cancer, CDKN2A promoter regions are methylated at a 20–70% frequency and can be 

feasibly detected in exhaled respiratory condensate [53]. Therefore, the methylation status of 

CDKN2A may be a valuable biomarker for NSCLC diagnosis [54].

DNA methylation status has been proposed for use in cancer diagnosis [55], especially 

given the convenience of isolating cell-free DNA from body fluids [56]. To improve the 

accuracy of diagnosing early-stage lung cancer, an ultrasensitive MOB-qMSP approach was 

used to detect the promoter methylation status of eight lung cancer-specific genes in patients 

with stage IA or IB NSCLC [55]. In this study, with plasma from patients, detectable 

methylated CDO1 (cysteine dioxygenase 1), TAC1 (tachykinin precursor 1), SOX17 (the 

gene of sex-determining region Y-box 17), and HOXA7 (the seventh gene of cluster A of 

the homeobox genes) were significantly increased compared to the benign group [55]. The 

combined measurement of CDO1, SOX17, and HOXA7 showed the highest sensitivity and 

specificity (90% and 71%, respectively) [55]. This study indicates that highly sensitive DNA 

methylation tests can be used to diagnose early-stage lung cancers.

Although hypermethylated DNA usually silences tumor suppressor genes, hypomethylated 

or demethylated DNA promotes lung cancer development [57]. Activation of tumor-

associated genes is one of the main mechanisms of carcinogenesis [58]. DNA 

hypomethylation activates proto-oncogenes that drive the growth of malignant cells [59]. A 

recent study found that restoring the expression of tumor suppressor secreted frizzled-related 

proteins by demethylation inhibited the invasiveness of NSCLC [60]. DNA methylation 

changes usually occur during the early stages of carcinogenesis [61]. Genome-wide 

methylation analysis of LUSC showed that low-methylation epigenotypes were associated 

with unfavorable outcomes [12].
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In addition to DNA, some miRNAs can be dysregulated by methylation, allowing them to 

promote cancer invasion and migration. For example, hypermethylation reduces miR-1247 

expression in lung cancer, whereas miR-1247 overexpression or demethylation by 5-Aza-

cytidine treatment markedly inhibits tumor cell growth and migration, and cell cycle 

progression [62].

5.2. DNA methylation in IPF

DNA methylation is not only involved in oncogenesis but also in IPF pathogenesis. 

Compared to healthy controls, patients with IPF have differentially methylated CpGs in 

genes related to apoptosis, biosynthesis, morphogenesis, proliferation, and EMT [63]. 

In myofibroblasts, DNA methylation directly regulates the expression of α-SMA [40] 

and other fibrosis-related proteins, such as thymocyte differentiation antigen-1 (Thy-1) 

[14,64]. Expression of Thy-1 has been reported to attenuate interstitial pulmonary fibrosis 

by inhibiting myofibroblast differentiation and increasing lung fibroblast apoptosis [65]. 

Thy-1 promoter methylation silences the gene in lung fibroblasts, increases cell apoptosis 

resistance, and increases ECM deposition and lung scar formation [14]. Through detecting 

genome-wide DNA methylation and RNA expression by array hybridization, a study found 

that the DNA methylation status and RNA expression of 16 genes were significantly 

changed in IPF compared with the control group; among the 16 genes, previous literature 

has demonstrated that eight of those are highly associated with lung fibrosis [29]. Another 

study performed integrative genomic analyses of DNA methylation and gene expression in 

94 IPF patients and 67 control subjects, identifying 738 differentially methylated regions 

associated with significant changes in gene expression [66]. In addition to studies on lung 

tissues, a recent study evaluated the CpG methylation status and differential gene expression 

in IPF fibroblasts and controls [67]. These independent genome-wide studies in IPF revealed 

that DNA methylation is involved in the pathogenesis of IPF and may offer novel therapeutic 

targets [11,29,66].

6. Clinical application

6.1. Epigenetic biomarkers

Recently, digital PCR has emerged as a sensitive tool for detecting epigenetic changes 

and point mutations [68–70]. Technological advances and increased use of high-throughput 

epigenetic screening approaches allow the identification of relevant epigenomic biomarkers. 

DNA methylation is one of the most widely studied biomarkers in cancer. Methylated 

biomarkers associated with lung fibrosis and lung cancer are shown in Table 1. Among 

them, RASSF1A (RAS association domain family protein 1A) is a candidate tumor 

suppressor that has been extensively studied in many human tumors [28]. It is frequently 

inactivated by methylation of its promoter region. Through analysis of bronchoalveolar 

lavage fluid (BALF) and venous blood, a recent study found that the positive rate of 

RASSF1A aberrant methylation in BALF was higher in the lung cancer group than in the 

control group [28]. Another study found that RASSF1A methylation status combined with 

either the RARB or L1RE1 panel could achieve satisfactory sensitivity and specificity in 

lung cancer diagnosis, especially for separating lung cancer and non-cancerous tissue [71]. 

SOX17 is another proposed biomarker whose promoter has a significantly higher frequency 
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of methylation in primary and advanced NSCLC tumors and in corresponding plasma 

samples [72]. Methylation of the SOX17 promoter also has a statistically significant effect 

on survival time [72].

In addition to their use for diagnostics, some biomarkers, such as circulating epigenetic 

markers, can be used to predict treatment response and aid in decision-making after 

surgery before adjuvant chemotherapy [73]. For example, dynamic measurements of DNA 

methylation levels in plasma before and after chemotherapy can be used to monitor 

treatment response [73]. Studies have shown that within 24 h after chemotherapy, increased 

APC/RASSF1A methylation levels are associated with better chemotherapy response in 

advanced lung cancer [74]. However, many challenges remain in finding highly sensitive and 

specific biomarkers in cell-free DNA obtained by “liquid biopsy.” Some obstacles, such as 

equipment, sample collection, contamination, and tumor heterogeneity, need to be addressed 

before circulating epigenetic markers can be applied in clinical practice.

6.2. Epigenetic treatment

Preclinical studies have demonstrated the feasibility of using demethylating agents to re-

express epigenetically silent tumor/fibrotic-suppressor genes for clinical treatment. One 

study on lung cancer indicated that antroquinonol D, a demethylating agent, could decrease 

aberrant promoter methylation of CCND2 to induce CCND2 expression, resulting in cell 

cycle arrest and inhibition of cancer cell growth and migration [75]. Several studies have 

shown that DNA methylation is associated with cisplatin resistance. Cisplatin was the first 

metal-based chemotherapeutic drug, and its resistance causes therapeutic failure and tumor 

recurrence [76]. For example, hypermethylated and significantly downregulated HOXA11 

expression was observed in a cisplatin-resistant LUAD cell line (A549/DDP) and LUAD 

tissues [77]. In another study that profiled DNA methylation and mRNA expression in 

cisplatin-resistant NSCLC cells using high-throughput microarrays, researchers found that a 

total of 372 genes were hypermethylated with reduced expression in cisplatin-resistant A549 

cells, and 10 selected genes (S100P, GDA, WISP2, LOXL1, TIMP4, ICAM1, CLMP, HSP8, 

GAS1, and BMP2) were found to be associated with cisplatin resistance [78]. Another 

report found that the development of resistance to the cisplatin analog was associated with 

hypermethylation of ABCB1 in the human LUAD cell line A549 and clinical tumor samples 

[79].

The most extensively studied epigenetic drugs currently in clinical trials are DNMT 

inhibitors (DNMTi), including 5-Aza-cytidine and 5-Aza-2’-deoxycytidine, which increase 

tumor sensitivity to chemotherapy in lung cancer and several malignancies [80,81]. Low-

dose 5-Aza-2’-deoxycytidine was shown to decrease the incidence of lung cancer by 30% 

in tobacco carcinogen-induced murine lung cancer, and a 50% decrease was achieved by 

combining 5-Aza-2’-deoxycytidine with HDACi sodium phenylbutyrate [82]. A clinical 

phase I study of 5-Aza-2’-deoxycytidine in combination with valproic acid in NSCLC 

patients suggested a route to a novel clinical strategy to treat lung cancer [83].

For lung cancer patients with pulmonary fibrosis, current research has focused on the 

TGF-β pathway, which is central to tissue fibrosis and tumorigenesis [84]. Abundant 

TGF-β in IPF lung tissues can induce dysregulated immune surveillance and provide a 
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microenvironment favorable to cancer initiation and progression [84]. BMP endothelial cell 

precursor-derived regulator (BMPER) is a crucial regulator of fibroblast activation and is 

associated with IPF progression. BMPER binds directly to BMPs and regulates TGF-β/BMP 

signaling [85]. Although BMPER gene methylation status was not examined, BMPER was 

downregulated by the demethylation agent 5’-azacytidine in fibroblasts. This treatment also 

reduced lung fibrosis in mice in vivo [85]. 5-Aza-2’-deoxycytidine treatment attenuates 

hyperoxia-induced pulmonary fibrosis in neonatal rats by decreasing TGF-β1 expression 

and increasing p16 expression by reversing the hypermethylation of p16 [86]. In addition to 

TGF-β1, many other biomarkers, including CXCL10 and TET1, may be potential targets for 

epigenetic therapy of pulmonary fibrosis [87,88].

The DNA methylation machinery is a promising target for lung cancer and fibrosis 

treatment. Some of the drawbacks of using DNMT inhibitors, such as drug toxicity and 

reversal of their effects after drug withdrawal, may be overcome by combined therapy with 

other chemotherapeutic agents. Additionally, identifying novel DNA methylation-related 

biomarkers to select patients who would best respond to specific epigenetic therapeutic 

methods would provide better-targeted treatment.

7. Expert Opinion

Lung cancer and fibrosis are two distinct diseases that share multiple cellular and molecular 

mechanisms, including alterations in DNA methylation. In this review, we focus on 

traditional DNA methylation, excluding other forms of DNA modification, such as the 

recently identified DNA hydroxymethylation, which shows its importance as an epigenetic 

regulator of gene expression. DNA methylation and demethylation play pivotal roles 

in lung cancer and fibrosis. DNA methylation at a gene’s regulatory region can either 

directly regulate gene expression or recruit MBPs to areas that affect related regulatory 

complexes, activating or repressing gene expression according to cellular cues. Alterations 

in methylation patterns can be used for diagnosis or therapeutic targets. Although epigenetic 

biomarkers reveal substantial potential for clinical application, these studies are still in their 

infancy. DNA methylation signatures are stable and relatively easy to detect in tissues and 

body fluids [89,90]. Establishing such markers would be invaluable for the early diagnosis 

and prognosis of lung cancer and lung fibrosis, which would also aid in predicting treatment 

efficacy and tracking treatment efficiency or resistance. Efforts to identify and establish 

methylation biomarkers using plasma cell-free DNA have been reported in both lung cancer 

and fibrosis, and were able to differentiate between lung cancer, pulmonary fibrosis, and 

healthy subjects [91]. However, lung cancer transcriptome and methylation profiles in 

patients with IPF remain unclear.

Genome-wide DNA methylation studies in lung cancer and fibrosis provide a better 

understanding of the major players in both diseases. In comparison to DNA methylation, 

the proteins that are involved in DNA methylation, such as MBPs, methyltransferases, and 

demethylases, have been relatively underexplored. Changes in these proteins, like their 

expression and posttranslational modifications, could lead to altered DNA methylation 

patterns and chromatin structures, which would result in altered transcriptional regulation 

and underlying human diseases [31]. Emerging studies have indicated their importance 
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in the maintenance of epigenetic homeostasis. Future studies should reveal their roles in 

preserving the normal epigenome and correcting disease outcomes.

DNA methylation is a major part of the epigenome, whereas lung cancer and lung fibrosis 

display different profiles. More extensive studies are needed to establish DNA methylation 

profiles that can be used to predict lung cancer or lung fibrosis and monitor disease 

progression and treatment efficiency. DNA methylation is a good candidate as an early 

biomarker to detect lung cancer or fibrosis and as a therapeutic target to restore the 

epigenome to physiological conditions. Epigenetic modifiers, such as DNMT inhibitors, 

are in clinical trials for lung cancer treatment, but have shown limited success to date. 

Some tests with histone deacetylation inhibitors have shown better outcomes [92]. Because 

many of these inhibitors are not gene-specific, the methylation status of other genes would 

be altered by treatment with these inhibitors, causing side effects that were not discovered 

in preclinical studies. Extensive studies and expanded markers are required to broadly 

monitor changes. Specific inhibitors would provide better-targeted treatment. With advances 

in biotechnology, techniques that could target the correct specific gene methylation status 

would have minimal side effects while providing maximum efficacy in restoring the native 

epigenome. In vivo studies of DNA methylation modifiers have primarily been performed in 

lung cancer, mainly in preclinical models of lung fibrosis.

Personalized therapy is of utmost importance due to the high variability among lung 

cancer and fibrosis patients. Drug resistance is partially caused by individual epigenetic 

heterogeneity. Different cancer or fibrosis subtypes would have varying sensitivities 

to a given treatment, probably due to epigenetic and genetic differences [93]. DNA 

methylation patterns are stable and relatively easy to detect, especially cfDNA, which 

could provide an early marker for diagnosis and treatment monitoring. Soon, integrating 

data from genomics, transcriptomics, and epigenomics to facilitate the discovery of relevant 

epigenetic therapeutic targets will be incorporated into the clinical approach to addressing 

chemoresistance and reversing immune escape in lung cancer and/or fibrosis treatment. A 

better understanding of pulmonary fibrosis pathogenesis and its association with cancer 

will aid the development of more advanced diagnostic and therapeutic strategies for both 

pulmonary fibrosis and lung cancer.
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Article Highlights

• There are many similarities between lung cancer and fibrosis, including the 

same high-risk factors (old age and smoking), similar pathogenic pathways, 

and low survival rates.

• Aberrant DNA methylation contributes to both diseases development and 

progression.

• Increased DNA methyltransferase expression has been reported in lung 

cancer; however, their roles in IPF remain unclear.

• Methyl-binding proteins are involved in lung cancer and fibrosis 

pathogenesis.

• DNA hypermethylation silences or downregulates tumor suppressor and/or 

antifibrotic genes in both diseases. Hypomethylated genes promote lung 

cancer development, which may not be typical for IPF. However, 

differentially methylated regions associated with gene expression alterations 

have been reported in IPF.

• A unique profile of DNA methylation changes occur at early stages in lung 

cancer or lung fibrosis, allowing DNA methylation to be used as a biomarker 

for early diagnosis, and to monitor treatment response.

• DNA methylation is a promising therapeutic target for lung cancer and 

fibrosis treatment.
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Figure 1. Idiopathic pulmonary fibrosis (IPF) and lung cancer have many similarities.
Lung cancer is classified into different subtypes, some of which are more frequently 

seen in IPF patients. There are many similarities between lung fibrosis and cancer. For 

example, high-risk factors for both diseases include aging, poor air, high-risk occupations, 

and smoking. IPF patients, especially with factors such as cigarette smoking and gender 

(male), are likely to develop lung cancer. These risk factors would alter DNA methylation 

status (hyper- or hypo-methylation), which would affect gene expression, and change the 

recruitment of methyl-binding proteins (MBD), and transcriptional factors (TF), which all 

contribute to the mechanisms underlying fibrogenesis and carcinogenesis. Altered DNA 

methylation can be targeted pharmacologically, used as diagnostic biomarkers, and used to 

monitor disease progression (see text for details).
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Figure 2. Classification of DNA methyltransferases (DNMTs) and Methyl-binding Proteins 
(MBPs).
A. DNMTs are classified as maintenance or de novo DNA methyltransferases. B. Three 

major families of MBPs. (i). The MBD family (all with MBD domain), including MeCp2, 

MBD1, MBD2, and MBD4 preferentially bind methylated DNA. (ii). Kaiso- and Kaiso-like 

proteins, shown with the main BTB domain and methyl-CpG-binding zinc fingers (mZF). 

Including Kaiso, ZBTB4, and ZBTB38. (iii). Set and Ring Finger-associated (SRA) domain, 

two members of UHRF1 and UHRF2 (Ubiquitin-like with PHD and RING finger domains 

1 and 2). Ubl, ubiquitin-like domain; TTD, tandem tudor domain; PHD, plant homeodomain 

finger domain; SRA, SET, and RING-associated domain.
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Table1.

Epigenetic biomarkers associated with DNA methylation in lung cancer and lung fibrosis.

Disease Gene Result Biospecimen Ref

NSCLC SOX17 SOX17 promoter is highly methylated in primary tumors and in 
corresponding plasma samples, both in operable and advanced 
NSCLC

Tumor tissue and plasma [72]

NSCLC APC APC methylation in tumor sample may be a useful marker for 
superior survival in NSCLC patients

Tumor tissue [94]

NSCLC RAR-β RAR-β methylation detected in lung tissue may be used as a 
predictive marker for NSCLC diagnosis

Tumor tissue [94]

Lung 
cancer

RASSF1A The methylation analysis of the RASSF1A panel achieved a 
satisfactory sensitivity and specificity in lung cancer diagnosis, 
especially in an early stage

bronchoalveolar lavage 
fluid

[95]

Lung 
cancer

TMEM196 Multivariate models showed TMEM196 methylation is an 
independent prognostic marker in lung cancer

Tumor tissue [96]

Lung 
cancer

L1RE1 L1RE1 in combination with either RARB or RASSF1 could 
function as biomarkers for separating lung cancer and non-
cancerous tissue

Tumor tissue [71]

LUAD PITX1 PITX1 might serve as a potential biomarker for early detection 
and prognosis prediction of LUAD patients

Tumor tissue [97]

LUAD HOXA9 HOXA9 promoter methylation could potentially inform 
the clinical management of patients with early-stage lung 
adenocarcinoma.

Tumor tissue [98]

LUAD SMAD3 the histotype-specific regulation of tumor fibrosis in lung cancer 
is mediated through differential SMAD3 promoter methylation 
in TAFs.

Tumor tissue [99]

IPF Thy-1 Inhibiting DNMT1 with silencing RNA attenuated TGF-β1-
induced DNMT activity and its downstream suppression of 
Thy-1 mRNA and protein expression, as well as inhibited α-
SMA mRNA and Col1A1 mRNA and protein expression, with a 
decreased trend in Thy-1 promoter methylation

lung tissue [64]

IPF PTGER2 down-regulation of PTGER2 and consequent PGE2 resistance 
are both mediated by DNA hypermethylation

lung tissue [100]

IPF P14 IPF fibroblasts have reduced expression of the proapoptotic 
p14(ARF) attributable to promoter hypermethylation and 
indicate that epigenetic mechanisms may underlie their 
resistance to apoptosis.

fibroblasts [101]

IPF CDKN2B,CARD10, 
MGMT

CDKN2B and CARD10 were hypermethylated and MGMT was 
hypomethylated in IPF cells. Aberrant methylation of CDKN2B, 
CARD10, and MGMT in IPF fibroblasts is associated with 
altered gene expression and increased fibroblast proliferation

lung tissue [102]

IPF Cox-2 COX-2 hypermethylated in IPF fibroblasts lung tissue [103]

IPF c8orf4 The decreased capacity of fibrotic lung fibroblasts to up-regulate 
COX-2 expression and COX-2-derived PGE2 synthesis is due to 
an indirect epigenetic mechanism involving hypermethylation of 
the transcriptional regulator, c8orf4.

Lung tissue [2]
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