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Abstract 

Idiopathic pulmonary fibrosis (IPF) is a fatal variation of the interstitial pulmo-
nary illness characterised by extracellular matrix deposition that leads to secretion 
of inflammatory cytokines and causes fibrosis in the lungs. Further progression of 
fibrosis leads to cancerous stage of lungs and death. IPF is the worst pathological 
condition to be focused on and explored because of its rising prevalence, poor 
prognosis, and inadequate treatment. Even though the disease’s origin is still 
unknown, several genetic, environmental, and underlying pulmonary problems 
could set off a number of molecular pathways which is involved in the develop-
ment of IPF. However, several genetic loci and genetic polymorphisms linked to 
IPF have been examined by genome-wide association studies and whole-genome 
sequencing. The newly found gene may clarify key elements in the identification, 
prognosis, and treatments of IPF. Additionally IPF can result from a variety of 
epigenetic alternations, including modification of histone, methylation of DNA, 
and non-coding RNA. This book chapter summarises the pathogenesis of pulmo-
nary fibrosis, available treatment and the pathways that involved in IPF
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progression and may develop into lung cancer. Furthermore, this highlights 
epigenetic and molecular mechanism of IPF progression.
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9.1 Introduction 

Idiopathic pulmonary fibrosis (IPF) is a long-term, persistent illness associated with 
lungs and marked by scarred lungs and the typical interstitial pneumonia histology. 
Further it is characterised by intensifying cough, dyspnoea, and worsening of life 
quality [1]. Extra-cellular matrix deposition causes fibrosis in which functional tissue 
is replaced by non-functional scarred tissue, affect lung function and often causes 
death [2]. Among the various type of lung diseases IPF is becoming the centre of 
attraction for many researchers, because its development is slow and it is resistant to 
traditional treatments as well. IPF has a 3-year median life expectancy and leads to 
dyspnoea and final respiratory collapse [3]. There is a considerable risk of death in 
many IPF patients who encounter acute episodes of respiratory deterioration 
[4]. Acute exacerbations are idiopathic acute worsening when there is no known 
reason for more than 50% of these acute episodes [5]. It is believed that acute IPF 
exacerbations signify an inherent speeding up of the underlying disease process, 
possibly brought on by a hidden stressor like a viral infection, micro aspiration, or 
ambient pollution [6]. The most prevalent form of idiopathic interstitial pneumonia 
is IPF. Although the condition has been regarded as rare, its frequency of occurrence 
is less than testicular, brain, and stomach cancers. Over time, the prevalence of IPF 
has increased with estimates for Europe and North America ranging from 2 to 
18 cases per 100,000 persons per year. Little information about global variance is 
available, however, Asia and South America, where incidence is thought to be 
between 0 and 42 instances per 100,000 people annually, may have lower rates. 
People over the age of 50 are more susceptible to IPF, and men are more affected 
than women by the disease. The typical time to survive after diagnosis is between 
2 and 4 years [2]. IPF occurs between 0.09 and 1.30 and 0.33 and 4.51 out of every 
10,000 people, respectively [7]. In the US, it is reported that the occurrence of IPF is 
higher and increased rates of IPF-related hospital admissions and fatalities also point 
to a rising disease burden [3]. Identification of the underlying cause is necessary for 
the diagnosis: interstitial pneumonia histology pattern, typically with high-resolution 
computerised tomography scanning; lung biopsy perhaps necessary in some 
patients. The diagnostic process also requires ruling out any coexisting illnesses or 
other interstitial lung disorders [1]. Comprehensive management of the patient with 
IPF entails making a precise diagnosis using an interdisciplinary review that is



meticulous; managing common comorbidities like depression, gastroesophageal 
reflux disease, obstructive sleep apnea; immunising against influenza and pneumo-
coccal infection; providing education and structured exercise and through formal 
pulmonary rehabilitation classes; and, in cases of severe or worsening disease, 
determining whether or not lung transplantation is appropriate. All IPF patients 
should be examined for clinical trials of innovative therapeutic agents in the absence 
of effective treatments. Patients who do not meet the requirements for a clinical trial 
should be given the option of empiric therapy with acetylcysteine or proton pump 
inhibition [6]. Although pirfenidone, a new antifibrotic medication, has received 
approval for usage in some countries, there are no widely accepted treatments for IPF 
[6]. Pirfenidone and nintedanib are approved for the treatment of IPF because they 
can halt the spread of the illness, and functional decline, but they don’t provide a 
cure and have tolerability problems [4]. Notably, prednisone and immunomodula-
tory drugs like azathioprine are ineffective in treating interstitial lung disease 
(Fig. 9.1). The active therapy arm of a recent randomised controlled study of 
prednisone, azathioprine, and the antioxidant acetylcysteine was terminated early 
due to safety and efficacy concerns. Development of drugs has focused on fibrosis 
and its proliferation as a result of this lack of efficacy, and a growing number of 
targeted treatments are currently undergoing early-phase clinical studies. In the 
coming 10 years, it appears likely that the therapeutic environment for IPF will 
undergo significant change [6]. There are more therapy options available for IPF. 
However, a combination of treatment approaches with various mechanisms of action 
may be necessary to target the large number of profibrotic cytokines and growth 
factors implicated in disease development [4]. Building on the advances in our 
understanding of IPF pathobiology, it is hoped that future research into the role of 
gene variants, epigenetic changes, and other molecular biomarkers reflecting disease 
activity and behaviour will help the development of innovative medications for 
individualised therapy of IPF, enable earlier and more definite diagnosis, and better 
disease phenotyping [5]. 
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9.2 Involvement of Environmental Factor 
in the Pathophysiology of IPF 

Earlier, it was considered that the primary cause of IPF is inflammation, which later 
develops into fibrosis. However, both anti-inflammatory therapy and immunosup-
pressive agent were unable to mitigate the IPF. Recent studies suggested that various 
environmental factors, genetic factors, and microbial infection lead to fibrosis 
development. It has been determined that progressive injury of the alveolar epithe-
lium is the primary cause of an altered healing process in which numerous lung cells 
exhibit abnormal behaviours, resulting in the onset and maintenance of the fibrotic 
process [5]. Fibrotic foci are the principal histological characteristics of IPF which is 
triggered by alveolar epithelial damage, which also appears to stimulate fibroblast 
proliferation, differentiation of myofibroblast, and collagen accumulation. This 
extracellular matrix and collagen accumulation stiffens the lungs and obliterates
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the delicate lace-like structure of the alveolar gaps, leading to impairment in gaseous 
exchange, and ultimately, respiratory failure and death [8]. Type 2 alveolar epithelial 
cells (AEC2) are the stem cells in the pulmonary cells; persistent dysregulation of 
AEC2 has been identified as the main mechanism behind the development of 
fibrosis. AEC2 also involve significantly in the regeneration of AEC2 after lungs 
injury. The dysregulated AEC2 and loss of AEC1 are observed in IPF tissue [2] 
(Fig. 9.2).
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Fig. 9.2 Progression of idiopathic pulmonary fibrosis to pulmonary cancer: Idiopathic pulmonary 
fibrosis can proceed to lung cancer as a result of the activation of several molecular pathways that 
result in genetic alterations. Abbreviations: TGF transforming growth factor, CD 90/Thy-1 cluster 
of differentiation 90, SMAD 2 suppressor of mothers against decapentaplegic 2, SMAD 3 suppressor 
of mothers against decapentaplegic 3, PI3K phosphoinositide 3-kinase, MEK mitogen-activated 
protein kinase, mTOR mammalian target of rapamycin, ECM extracellular matrix, CAF cancer-
associated fibroblast, EMT epithelial-mesenchymal transition 

IPF susceptibility is likely influenced by several genetic characteristics, including 
gene variants and transcriptional changes that lead to epithelial integrity loss. 
Currently genome-wide association studies (GWAS) found that common genetic 
variations that are essential for the integrity of the epithelium have been defined as 
IPF risk factors. These studies suggested that telomere biology such as Telomerase 
reverse transcriptase (TERT), Telomerase RNA component (TERC), OB Fold-
containing Protein 1 (OBFC1), host defence (mucin 5B (MUC5B), ATPase phos-
pholipid transporting 11A, and toll-interacting protein (TOLLIP)), and cellular 
barrier function (desmoplakin, dipeptidyl peptidase 9) could play a role in the 
development of disease. Both the GWAS identified additional common variants 
linked to illness and established the promoter of the MUC5B gene as a risk factor. 
The functional gain of the promoter region of MUC5B, i.e., rs35705950, has been 
established as a major risk factor for the development of sporadic IPF [5, 9]. Apart 
from genetic factors, environmental exposures and microbes play significant roles in 
the progression of IPF. Cigarette smoking, wood dust, metal dust, coal dust, 
elements such as silicon and beryllium, asbestos, and radiation are some of the 
substances which are potential risk of IPF [2, 9] (Fig.9.1). Bacterial, fungal, and viral



(hepatitis C, Epstein-Barr, Cytomegalovirus, herpesvirus) infections also lead to the 
development of IPF [9, 10]. 
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9.3 IPF Association with Lung Cancer 

There are various molecular and cellular mechanisms which are common in both 
such as endoplasmic reticulum stress, and fibroblast transition proliferation, activa-
tion, and oxidative stress, along with several epigenetic markers and genetics which 
make IPF patients more vulnerable to developing Lung cancer (LC) (Fig. 9.2) 
[11, 12]. According to earlier research, IPF patients had more sensitivity in develop-
ing primary lung cancer (22% of patients) in comparison to the normal public [13– 
17]. Similarly to this, individuals who receive lung transplants for IPF have also 
become vulnerable for primary lung cancer of more than 20 times than that of the 
general population [18, 19]. LC prevalence among patients with IPF reportedly 
ranges between 2.7 to 48% [13]. The study also shows the overall lung cancer 
occurrence in IPF. IPF cumulative incidence was reported by Ozawa et al. to be 3.3, 
15.4, and 54.7% after one, five, and ten years of follow-up [14]. In a second 
experiment, individuals with IPF had cumulative lung cancer occurrence rates of 
41% at 1 year and 82% at 3 years [20]. Additionally identified as complicating 
variables in emergence of LC in individuals having IPF are their age and smoking 
history. Finger clubbing is observed in nearly all individuals with IPF and lung 
cancer (95%) against around 60% of IPF patients who are alone. 

Numerous research contrast IPF with pulmonary cancer to shed light on the 
aetiology of these two conditions, which have poor prognoses. Homogeneity, 
metastasis, and laterality of cancer are used to refute the parallels between IPF and 
cancer. Furthermore, IPF exists when both lungs are affected at once. However, it is 
predicated on the generally held notion that cancers usually typically grow in a single 
lung before colonising and metastasising various body part. Fibrosis in IPF patients 
initiate with the lower lobes and lung periphery, that are frequently the sites of lung 
malignancies from an anatomical perspective [21]. Additionally, altered cell-cell 
interactions, unchecked multiplication, and aberrant actuation of particular signal 
transduction pathways are characteristics of these two disorders [22, 23] (Fig. 9.3). 

9.3.1 Pathways Involved in the Progression of IPF into LC 

9.3.1.1 Transforming Growth Factor-b1 
Profibrotic mediators that support the onset of IPF include platelet-derived growth 
factor (PDGF), transforming growth factor β-1(TGFβ-1), tumour necrosis factor 
(TNF), endothelin-1, chemokine connective tissue growth factor, and osteopontin. 
Since it controls the activity of myofibroblasts and the ensuing remodelling of 
extracellular matrix deposition (ECM), TGFβ-1 stands out among them as the 
chief regulator of fibrotic development [24]. Chemotactic factors include TGF β-1 
which attracts macrophages and monocytes, causing the release of PDGF from these



sorts of cells, interleukin-1 (IL-1), basic Fibroblast growth factors, and TNF. 
Because of this, expression of TGFβ-1 has been increased in macrophages and 
alveolar epithelial cells from the lung tissues of IPF patients [25]. Furthermore, in 
the bleomycin mice, an in vivo IPF model [26] was demonstrated in the research 
[27], which found that 9 out of 12 standardised lung tissue samples from patients 
with IPF showed high membrane PD-L1 expression in alveolar macrophages. These 
macrophages play a crucial part in the development of lung cancer and IPF. 
Additionally, they discovered that IPF patients had considerably greater serum levels 
of soluble PD-L1 (sPD-L1) than a healthy control group. Checkpoint inhibitors that 
target PD-1/PD-L1 unleash antitumor T lymphocytes in cancer biology, enabling 
their activation, proliferation, and tumour cell eradication. Activating the TGF β-1 
receptor complex also activates downstream canonical (Suppressor of mothers 
against decapentaplegic (SMAD2 and 3)) and non-canonical (PI3K, Mitogen-
activated protein kinase (MEK), mammalian target of rapamycin (mTOR), etc.) 
signalling cascades, that ultimately impact the transcription of ECM proteins, 
profibrotic mediators, growth factors, and microRNAs [28, 29]. Particularly, 
phosphorylated SMAD2 and SMAD3 are translocated into the nucleus to modulate
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Fig. 9.3 A diagrammatic representation of various risk factors and epigenetic changes that 
includes DNA methylation, histone modification and non-coding RNA which lead to the develop-
ment of idiopathic pulmonary fibrosis and outlining ongoing and potential therapeutic treatments 
for idiopathic pulmonary fibrosis. Abbreviations: α-SMA alpha smooth muscle actin, PTGER2 
prostaglandin E receptor 2, H3K4 histone H3 lysine K4, H3K27 histone H3 lysine K27, Cav-1 
caveolin 1, CXC10 C-X-C chemokine ligand 10, COX-2 cyclooxygenase-2, miR MicroRNA, let-7d 
lethal-7d microRNA, hTERT human telomerase reverse transcriptase



transcriptional responses as a result of activated TGFβ-1 receptors. For this reason, 
Zhao et al. showed that SMAD3 deletion mice reduced bleomycin-induced pulmo-
nary fibrosis in mice [30]. The Wnt/catenin system and TGFβ-1 signalling have 
interactions that may promote the epithelial-mesenchymal transition and 
myofibroblast activation [31]. The stimulation of Wnt/ß-catenin signalling in IPF 
patients’ alveolar epithelium has recently been shown to hinder lung healing and 
accelerate AEC2 ageing [32]. Indeed, it has been discovered that lung fibrosis causes 
the Hippo pathway’s yes-associated protein and transcriptional coactivator with 
PDZ-binding motif to become activated. For this reason, YAP/TAZ, TGF-ß, Wnt, 
and PI3K axis activation was discovered by Xu et al. using single-cell RNA 
sequencing [33, 34]. They hypothesised that mTOR/PI3K/AKT signalling aided in 
the aetiology of IPF by promoting the growth of lung fibroblasts and epithelial cells. 
TGF-ß1 may consequently be in charge of the hedgehog pathway (Shh), whose 
activation in IPF lungs accelerates the disease’s progression with fibroblast prolifer-
ation and aberrant extracellular matrix deposition [35]. The activation of v6 integrin, 
one of the additional pathways implicated in TGF-ß1 synthesis by the AECs of IPF 
lungs, triggers the unfolded protein response, a defence biological process attributed 
to the build-up of misfolded proteins [36].
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9.3.1.2 Cancer-Associated Fibroblasts 
Cancer-associated fibroblasts (CAFs) function the same as myofibroblasts in IPF and 
they are significant elements in the tumour microenvironment and are largely 
attracted to and activated by cytokines produced by cancer cells and immune cells 
that have infiltrated the tumour [37, 38]. Due to their significance in the tumour 
microenvironment’s pathways of proliferation, invasion, inflammation, angiogene-
sis, and metastasis, CAFs, which make up the majority of the cells in tumour stroma, 
significantly contribute to the biology of tumours. Additionally, stromal cells, which 
are both malignant and non-cancerous, produce different growth factors, such as 
FGF, TGF-β1, TNF, EGF, IL-1, vascular endothelial growth factor, and IL-6 
[39, 40], which promote CAF trans-differentiation and activation, which also has 
the effect of boosting inflammation and carcinogenesis. After accounting for every-
thing, it is possible to draw comparisons between fibrosis and LC, and among the 
various growth factors, TGF-β1 represents the key driving signalling for both 
fibroblasts and CAFs’ trans-differentiation, that is important for tumour develop-
ment and therapeutic resistance [41, 42]. Numerous in vitro studies conducted in 
recent years have demonstrated that TGF-β triggered epithelial-mesenchymal tran-
sition into non-cancerous epithelial cells by activating the mTOR and PI3K 
pathways resulting in cancer cell’s resistance to apoptosis, encouraging CAFs to 
transdifferentiate [43]. Furthermore, CAFs exhibit great heterogeneity, which is 
most likely resulting from their liability to various tumour-secreted components, 
which prompt them to communicate various molecular markers. Although they are 
diverse, the molecular processes that activate CAFs and involved in the progression 
of cancer may be shared by different malignancies. In addition to TGF-β, epidermal 
growth factor receptor, the Wnt/ß-catenin, Hippo pathways, and JAK/STAT are 
other important molecular pathways for this function [44].
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Fig. 9.4 Idiopathic pulmonary fibrosis management 

By interacting with or activating a number of additional downstream pathways, 
the profibrotic stimuli enhance the degree of TGFß expression that fosters activation 
of myofibroblast further which leads to the aberrant ECM accumulation and pro-
gression of IPF (such as the canonical SMAD3 pathway or non-canonical pathway 
and growth factors). The LC counterpart to the myofibroblasts, the CAFs, can come 
from different sources, such as cancer-associated adipocytes, and resident 
fibroblasts, which can originate from circulating progenitors in the bone marrow 
and are prevalent in tumour stroma [35] (Fig. 9.4). 

9.3.1.3 Abnormal Cell-Cell Communication 
Cxs (connexions) family made intracellular channels that connect cells metabolically 
and electrically. The coordination of cell growth and tissue repair depends on Cxs 
[45]. Cx43, one of them, is engaged in wound healing and tissue repair healing and is 
the one that is most prevalent on fibroblast membranes. Repression of Cx43 at 
wound sites aids in the healing of damaged skin tissues by promoting keratinocyte 
and fibroblast migration and proliferation. Therefore, Cx43 downregulation is linked 
with greater levels of TGF-β expression, collagen formation, and accelerated 
myofibroblast differentiation, all of which may aid in the promotion of healing. 
These modifications help explain how aberrant healing and fibrosis are characterised 
by a loss of control over fibroblast growth, a decline in control of fibroblast 
proliferation that distinguishes fibrosis and aberrant repair. The discovery that 
keloids and hypertrophic scars exhibit lower levels of Cx43 expression than normal 
skin tissues does corroborate this claim [46]. Despite the fact that human lung



carcinoma cell lines expressing enhanced level of Cx43 demonstrated lower prolif-
eration, decrease expression of Cxs are usually linked to the onset of cancer and the 
breakdown of intercellular communication [47]. Primary lung fibroblasts from IPF 
patients were found to have decreased intercellular communication as well as 
decreased Cx43 expression [48]. Limited cell-cell communication is frequently 
observed in cancer cells and fibroblasts from IPF patients, suggesting shared 
abnormalities of contact inhibition and unchecked growth [12]. 
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9.3.1.4 Wnt/b-catenin Signalling Pathway 
Matrilysin, laminin, and cyclin-D1 are a few examples of molecules that the 
Wnt/ß-catenin signalling pathway controls. But it might be argued that mediating 
interaction with TGF-β is the Wnt/ß-catenin pathway’s most significant role. 
Researchers reported that this pathway is inappropriately active in some cancers 
[49]. Recent research has shown that fibroproliferative disorders of the liver and 
kidneys activate the Wnt/ß-catenin pathway [50]. Patients with IPF have highly 
active Wnt/ß-catenin pathways in their lung tissues, which may be a reflection of 
TGF-β activity [51]. Particularly, TGFβ may activate a protein controlled by extra-
cellular signals. Apoptosis and proliferation are regulated by the 
phosphatidylinositol 3-kinase (PI3K)/Akt pathway, which is activated by the kinases 
1 and 2 and target genes of this pathway. The functions of PI3K in myofibroblast 
development and proliferation have been demonstrated after TGF-β stimulation 
[52]. When the PI3K pathway is activated in cancer cells, the regulatory mechanisms 
that regulate cell proliferation break down. Blockers of the PI3K pathway have been 
utilised as therapeutic targets, and researchers are examining how they affect the 
growth and survival of tumours in different types of cancer [53]. 

On the other hand, unnatural actions of these kinases have been linked to a variety 
of cancers’ growth, development, and spread [54]. Common carcinogenic and 
fibrogenic mediators include TGF-β, Platelet-derived growth factor(PDGF), Vascu-
lar endothelial growth factor(VEGF), and Fibroblast growth factors (FGF). VEGF, 
in particular, may stimulate ERK1/2 and PI3K in a manner that directly or indirectly 
promotes cell survival and proliferation. Accordingly, it was discovered that endo-
thelial progenitor cells (EPCs) from patients with IPF had increased VEGF mRNA 
expression levels [55]. 

9.3.1.5 Hepatocyte Growth Factor 
Mesenchymal cells produce hepatocyte growth factor (HGF), which has been found 
to be an effective mitogen for mature hepatocytes. The c-Met proto-oncogene 
product known as the HGF receptor is mostly expressed in different kinds of 
epithelial cells. IPF patients’ bronchoalveolar lavage fluid and serum have greater 
amounts of HGF than serum from healthy individuals [56, 57]. In the IPF patients 
lung tissue, hyperplastic AECs and macrophages also show elevated levels of HGF 
[58]. In addition, Trkb treatment stopped mice from developing lung fibrosis in the 
bleomycin model [59]. In light of these findings, treatment with HGF could offer a 
new way for the inhibition of lung injury with in pulmonary fibrosis patients [60].
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9.4 Several Aberrant Genes Expression Are Involved 
in the Pathogenesis of IPF 

Both sporadic and familial forms of pulmonary fibrosis are correlated with genetic 
variations. Rare and frequent genetic variations are linked to five genes associated 
with telomere biology—TERT, TERC, DKC1 (Dyskerin pseudouridine synthase 1), 
TINF2 (TERF1-interacting nuclear factor 2), RTEL1 (Regulator of telomere elonga-
tion helicase 1), and PARN (Poly(A)-specific ribonuclease) as well as FIP (feline 
infectious peritonitis)-related mutations connected to alveolar stability SFTPA1, 
SFTPC, SFTPA2, NAF1, and ATP-binding cassette-type 3 have also been discov-
ered through familial studies. Common variations, which are minor allele 
frequencies of >5%, also seem to affect the risk of FIP [61–65]. 

The promoter region of MUC5B has the most frequently repeated risk mutation 
(rs35705950), which was first discovered and has been tightly linked with IPF and 
familial IPF in a combined linkage and association analysis. In pulmonary fibrosis, 
there have been two substantial GWAS of IPF individuals (both familial and 
sporadic) with controls. Along with confirming TERT’s function at 5p15, MUC5B 
at 11p15, and the 3q26 area close to TERC, the seven novel linked loci were 
discovered by GWAS, including DSP (6q24), FAM13A(4q22), ATP11A (13q34), 
OBFC1 (10q24), DPP9(19q13), and the chromosomal regions 7q22 and 15q14-15, 
respectively, those who have nominally coupled with others. In contrast, common 
variations typically have a smaller effect magnitude, but they occur more frequently, 
particularly together, and may increase the percentage of disease risk [66]. 

9.4.1 Surfactant Protein-C (SFTPC) 

According to numerous reports, SFTPC is linked with IPF. The gene SFTPC, which 
has gene ID 6440, is found on the short arm of chromosome 8 and codes for a 
197 amino acid precursor protein through six exons. The first example of newborn 
ILD having a heterozygous change from A to G in the intron 4 splice donor site was 
described by Nogee et al. in 2001 [67]. This nucleotide mutation resulted in the 
protein precursor’s C-terminal region losing 37 amino acids and bypassing exon 
4. As a result, the lung was deficient in mature surfactant protein C (SP-C) tissue and 
fluid from bronchoalveolar lavage. Afterwards, two more Leu188 to Gln (L188Q), a 
heterozygous mutation, and Ile73 were found in the SFTPC gene and correspond to 
Thr (I73T) [68, 69]. Prosurfactant protein C (pro-SP-C) builds up within alveoli and 
altered protein intracellular trafficking are potential effects of these two mutations. 
The mature 35-residue hydrophobic protein (SP-C), which is encoded by the 
SFTPC, is created by many rounds of proteolytic cleavage of the pro-SP-C. SP-C 
is subsequently secreted into the alveolar space. The SP-C is crucial for preserving 
alveolar stability, along with surfactant phospholipids and other surfactant proteins 
[70]. The aberrant SP-C proteins produced by SFTPC mutations can activate 
apoptotic pathways, instigate ER stress, and block the ubiquitin/proteasome system 
[71]. When SFTPCL188Q was transfected into cultured type II alveolar epithelial



cells (AECII), aberrant lamellar structures, ER stress, and an unfolded protein 
response appeared [72]. Pro-SP-BRICHOS C’s domain, a unique domain identified 
in 12 protein families with a variety of functions and illness correlations, has been 
revealed to include certain fatal mutations [73]. When SP-C is made from the 
pro-SP-C, the BRICHOS domain acts as a chaperone. It is essential for the matura-
tion of pro-SP-C, the precise folding procedure, and the correct packaging before it 
joins other surfactant components in the lamellar bodies for exocytosis. This mech-
anism may explain why infant/adult respiratory distress is not the same as pulmonary 
fibrosis, which is a condition caused by unfolded pro-SP-C but not a deficit. It has 
also been demonstrated that pulmonary fibrosis and the process of collagen deposi-
tion in the alveolus wall both include epithelial-to-mesenchymal transition (EMT). 
In A549 cells, targeted expression of SFTPCL188Q led to reduced zonula occludin-I 
and E-cadherin expression enhanced smooth mesenchymal marker expression mus-
cle actin, demonstrating the connection between the variations of EMT and SFTPC 
[74]. In humans, SP-C makes up 10% of the protein components of pulmonary 
surfactants together with SP-A, SP-B, and SP-D, with lipids making up the 
remaining 90%. The main function of surfactants is to reduce surface tension at 
the air-water interface and prevent alveolar collapse. The surfactant-related genetic 
and acquired disorders attracted attention in the aetiology study of IPF since they had 
been linked in the pathophysiology of IPF together with surfactant modifications and 
alveolar type II cell death [75]. 

156 S. K. Singh et al.

9.4.2 Telomerase Reverse Transcriptase and Telomerase RNA 
Component 

Chromosome ends have telomeres, which are repeating nucleotide sequences that 
prevent the chromosomes from gradually shrinking when cells replicate normally. 
Telomere length is restored by telomerases’ two primary components, telomerase 
RNA (encoded by TERC) and telomerase reverse transcriptase (encoded by TERT). 
Oral leukoplakia, unusual skin darkening, and dystrophic nails are the hallmarks of 
the rare inherited telomere shortening condition known as dyskeratosis congenita 
(DKC). About 20% of individuals have lung fibrosis, and DKC complications 
including bone marrow failure can also occur. DKC served as the setting for the 
initial discovery of telomerase component mutations. More recent studies have 
found associations between FIP and a number of telomerase maintenance pathway 
genes, including those implicated in telomere stabilisation (DKC1, PARN, and 
RTELI) and catalytic activity (TERT and TERC) [76]. 

In peripheral blood and the lung, these pathogenic mutations promote telomere 
shortening by impairing telomerase activity. TERT variations have so far been found 
in 15% of FIP cases and 1–3% of sporadic cases, making them the uncommon 
variants associated with pulmonary fibrosis. TERT, RTEL1, and PARN variations 
were previously identified by a study associated with occasional IPF being linked to 
FIP, further supporting the pathophysiology of IPF in which telomere dysfunction 
plays a role as well as emphasising the genetic similarities between FIP and IPF



sporadic. Further research has linked IPF to telomere dysfunction as there is evi-
dence that telomere length is not the only connected to rare variant mutations in 
telomerase. A study discovered that without known mutations for TERT or TERC, 
short telomeres were present in 25% of sporadic IPF participants and 24% of familial 
IPF participants. Additionally, all participants in this study who had pulmonary 
fibrosis and those with TERC or TERT mutations also showed short telomeres. 
Uncertainty exists regarding the exact processes through which lung disease is 
brought on by telomere abnormalities. Epithelial cell senescence and a reduced 
ability to respond to epithelial damage have both been linked to defects in telomere 
maintenance. Telomere shortening happens throughout subsequent cycles of cell 
division and eventually triggers DNA damage pathways that result in apoptosis or 
senescence. Although early senescence can disrupt lung epithelial homeostasis and 
cause a remodelling response that leads to fibrotic lesions, cellular senescence is 
sometimes acceptable [66]. 
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9.4.3 Pulmonary-Surfactant Associated Proteins (SFTPA2) 
Mutations 

Researchers thought that mutations in the other surfactant proteins (A, B, and D) 
might also be discovered after discovering SFTPC mutations in FIP. The discovery 
of two families with FIP caused by mutations in SFTPA2 was reported by Wang 
et al. in 2009. Neighbouring genes encode two SPA isoforms (SFTPA1 and 
SFTPA2) and Wang et al. used whole genome linkage on a family of 15 individuals 
who had FIP, bronchoalveolar cell carcinoma, or unspecified lung disease and were 
connected to an area around SFTPA1 and SFTPA2 [63]. 

9.4.4 Mucin 5B (MUC5B) 

A genome-wide linkage study was conducted in 2011 and discovered a locus on 
chromosome 11 that was strongly connected to the possibility of IPF [77]. After 
resequencing this region, a frequent single nucleotide polymorphism (rs35705950) 
in the promoter of the mucin 5B (Muc5B) gene was discovered, and it was connected 
to a six- to eightfold increased risk for IPF. Additional independent cohorts have 
now verified the link between this MUC5B promoter polymorphism and IPF, mostly 
made up of Caucasians [78]. It’s interesting to note that the MUC5B SNP appears to 
be frequent in cases of FIP and sporadic IPF [77]. The results reveal that rs35705950 
did not raise the risk of scleroderma-related interstitial lung diseases or sarcoidosis. 
However, rs35705950 was discovered to be uncommon in the Korean population. 
This connection between rs35705950 and IPF was verified in a cohort of Mexican 
patients [79]. Similar to this, rs35705950 was uncommon in IPF patients in a 
Chinese community, while various MUC5B polymorphisms were linked to the 
condition [80].
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MUC5B expression was uniformly higher in patients of IPF lungs compared with 
controls, despite the MUC5B SNP being present, despite the rs35705950 MUC5B 
SNP being linked with increased MUC5B mRNA expression in control people’s 
lungs. This result is in line with individuals with IPF having more MUC5B-
expressing cells in the distal airways [81]. In the Framingham cohort, MUC5B 
rs35705950 has also been identified as a risk factor for asymptomatic interstitial 
lung abnormalities detected on CT scans in persons over 50. Uncommonly, those 
with the minor allele of rs35705950 are more likely to experience the syndrome, 
despite the fact that IPF patients who have the risk allele appear to have increased 
mortality in comparison to non-carriers. According to past animal studies, MUC5B 
may alter airway host defence [82], despite the fact that it is not yet known how 
MUC5B influences fibrotic remodelling [83]. 

9.4.5 Toll-Like Receptor 

TLR signalling disruption has been identified in patients with IPF as a bridge 
between innate and adaptive immune responses [84]. Yet, the precise role of these 
signalling cascades in the fibroproliferative response is still largely unknown. There 
are ten functioning TLRs in humans, each of which has a unique receptor-ligand 
relationship. To recognise distinct external and intracellular signals, the [85] TLRs 
are either localised to the cell membrane (TLR1, 2, 4, 5, 6) or endosomal 
compartments (TLR3, 7, 8, 9), correspondingly. The majority of TLRs signal via a 
MyD88-dependent pathway, which ultimately leads to NF-қB activation and tran-
scription of proinflammatory cytokine genes. A MyD88-independent mechanism 
underlies TLR3 and alternative TLR4 signalling, with TRIF recruitment ultimately 
leading to IRF3 or IRF7 transcription of type I interferon (IFN) genes [85]. 

Below is a description of the genetic risk mutations influencing TLR family 
signalling that are linked to IPF. GWAS results revealed three typical variations 
(rs111521887, rs5743894, rs574389) which were found in the toll-interacting pro-
tein gene connected with IPF. There has been conflicting research regarding whether 
these variations are providing separate associations with IPF or are in linkage 
disequilibrium. However, the IL-1 receptor-associated kinase inhibition (IRAK) 
phosphorylation of TLRs, notably TLR2 and TLR4, have been shown to limit 
TLR activity [86]. It is reported that IPF epithelia have increased levels of TLR2 
and TLR4 activation, possibly as a result of continuous exposure to pathogenic 
microorganisms [86]. It has been demonstrated that decreased toll-interacting protein 
(TOLLIP) expression causes macrophages to secrete more pro-inflammatory 
cytokines as a result of TLR activation [87]. Through TLR4-dependent signalling, 
TOLLIP stimulates the production of IL-10, which protects mice from a fibrosis 
model caused by bleomycin. Additionally, TOLLIP inhibits TGF-β signalling by 
destroying TGF-ß1 receptors via interactions with SMAD7. These findings collec-
tively imply that TOLLIP expression may protect against IPF by reducing 
pro-inflammatory and profibrotic pathways [88]. The rs1278769 variation in 
ATP11A discovered in the GWAS, however, less functionally characterised,



might affect TLR4 signalling. It has been demonstrated that the gene 13 ATP11A, 
which codes for a phospholipid flippase, increases MyD88-dependent NF-kB acti-
vation and the generation of proinflammatory cytokines by inhibiting TLR4 
endocytosis [89]. 
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Dysregulated TLR9 activation encourages fibroblast-to-myofibroblast differenti-
ation and has been associated with a more aggressive IPF phenotype. In most cases, 
microbial genetic material contains hypomethylated CpG nucleotides [90]. Since 
TLR9 also recognises mitochondrial DNA released from wounded cells, it’s con-
ceivable that the cell deterioration and non-apoptotic cell death observed in the IPF 
distal airway may likewise play a substantial role in TLR9-mediated fibrosis. IL1RN 
gene (rs408392 and rs419598) was considerably connected to the IPF condition 
[91]. These risk alleles cause a decrease in IL-1Ra expression, which results in 
unrestricted IL-1R activation in innate immune cells and airway/alveolar epithelial 
cells. In contrast to the conventional bleomycin model, adenoviral-mediated IL-1 
overexpression is employed to study the role of IL-1R signalling in animal models of 
pulmonary fibrosis [92, 93]. 

IPF patients’ alveolar macrophages exhibit an increased IL-1:IL-1Ra ratio 
indicating this pro-inflammatory condition. It is reported that the IL-1R/MyD88 
axis reduces fibrosis in bleomycin and silica-induced fibrosis through genetic and 
pharmaceutical targeting. Both non-pathogenic and pathogenic bacterial signals are 
directly responsive to many of these hyperactive TLR signalling pathways, including 
TLR2 and TLR4 [94]. 

9.4.6 Adenosine Triphosphate-Binding Cassette Transporter 
A3(ABCA3) 

The protein ABCA3 has been discovered in children with ILD or newborns with 
respiratory distress syndrome. The transfer of lipids across plasma membranes is 
facilitated by this transporter protein, which is mostly expressed in the AECII. The 
ABCA3 gene results in the production of a 1704 amino acid protein which can be 
found on the surfactant secretory vesicle on the limiting membrane of lamellar 
bodies, indicating that it may be involved in the metabolism and transport of 
surfactant. The ABCA3 gene has a large range of variations, and the genetic defects 
in surfactant metabolism that result in neonatal respiratory distress and paediatric 
ILD have been linked to 150 different mutations [95–97]. 

9.5 Epigenetic and Genetic Abnormalities 

For the majority of cancers, documented pathogenic mechanisms include hypo-
methylation of oncogenes and methylation of tumour suppressor genes. Patients 
with IPF have recently been found to exhibit epigenetic responses to environmental 
exposures, such as smoking and nutritional variables, as well as ageing. Addition-
ally, current research has shown that individuals with IPF experience global



methylation pattern changes that are similar to those in lung cancer patients 
[98]. Hypermethylation of the CD90/Thy-1 promoter region reduces the expression 
of the glycoprotein Thy-1, which is generally produced by fibroblasts, in the context 
of IPF [99, 100]. In addition, the conversion of fibroblasts into myofibroblasts and 
the invasive nature of malignancies are linked to the absence of this molecule in IPF 
patients. This suggests a unique therapeutic approach for this condition: pharmaco-
logical inhibition of Thy-1 gene methylation may restore Thy-1 production. In 
addition, particular gene changes have been implicated in the occurrence and 
progression of cancer [101]. Similarly, the oncogene p53 was expressed in almost 
half of the cases of IPF, along with fragile histidine triads, microsatellite instability, 
and loss of heterozygosity, commonly in the peripheral honeycombed lung areas that 
are unique to idiopathic pulmonary fibrosis [101–104]. Also, familial IPF has been 
linked to mutations that are typically linked to the occurrence and progression of 
cancer, such as those that influence telomere shortening and telomerase production 
[105, 106]. Recent studies have looked at circulating and cell-free DNA as a cancer 
biomarker for diagnosis and prognosis. In these studies, individuals with cancer and 
IPF had higher free circulating DNA concentrations than those with other fibrotic 
lung illnesses. The pathophysiology of both disorders was linked to aberrant expres-
sion levels of mRNA in addition to circulating DNA. According to these findings, 
short non-protein-coding RNAs control genes relevant to carcinogenesis, which are 
implicated in the growth, invasion, and metastasis of cancer cells [98, 107, 
108]. According to recent studies, 10% of mRNAs are expressed abnormally in 
IPF patients. Among them, miR-21 and miR-155 were upregulated, whereas lethal-7 
(let-7), miR-29, miR-30, and miR-200 were downregulated. These alterations 
correlated with gene families involved in apoptosis, ECM modulation, fibrosis, 
and the formation of epithelial-to-mesenchymal transition (EMT). Some of these 
mRNAs might affect TGF-β expression and be affected by it, hastening the func-
tional loss in IPF patients [109–111]. 
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9.6 Epigenetic Regulation of Gene Expression 

The chromatin regulation, expression of genes, and particular cell type activity 
which participates in disease pathophysiology are mediated by various environmen-
tal exposures which have been translated by epigenetic processes that is linked to the 
incidence of disease. Environmental factors lead to change in non-inherent epige-
netic marks, which are more dynamic than inheritable epigenetic marks [112]. Meth-
ylation of DNA, modification of histones, and long-chain non-coding RNAs are the 
processes which are part of the epigenome (Table 9.1). 

Epigenetic factors are influenced by environmental exposure, ageing, and the diet 
of an individual. The progression of IPF depends upon a complex interaction 
between various environmental and genetic factors [113]. Inhalation of several 
environmental factors like metal dust, wood dust, industries, and dust from textile, 
and cigarette smoking affects the genetic and epigenetic marks. Several studies show



that modulation of epigenetic factors regulates the expressions of genes which are 
involved in the occurrence of IPF. 
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Table 9.1 Various epigenetic modifications and their consequences on genes and protein 
translation 

S. no. Epigenetic process Modification Consequences 

1. DNA methylation of CpG Hyper methylation Gene silencing 
dinucleotide Hypo-methylation Active transcription 

2. Histone methylation H3K4 trimethylation Transcriptional 
activation 

H3K27 trimethylation Gene silencing 

3. Histone acetylation Histone tail acetylation by 
HATs 

Active gene 
transcription 

Histone tail deacetylation 
by HDACs 

Gene silencing 

4. miRNA leading mRNA 
degradation 

Binding to 3′ UTR of 
mRNA 

Inhibition of protein 
translation 

The link between DNA methylation and histone alterations is an emerging model 
for epigenetic control of gene expression. One illustration of these relationships is 
the association of the regulatory component DNMT (DNA methyltransferases) 3L 
with the N-terminal of the histone H3 tail, which is linked in sequence to the 
mammalian new genetic methyltransferases like DNMT3A and DNMT3B. These 
data support the notion that the histone H3 tail’s unmethylated lysine 4 serves as a 
chromatin regulator of DNA methylation. DNMT3L identifies unmethylated histone 
H3 tails at lysine 4 and triggers de novo methylation of DNA by recruiting or 
activating DNA methyltransferase3A2. DNA methyltransferases similarly favour 
targeting nucleosome-bound DNA [114]. 

It is already evident that epigenetic marks which are related to the progression of 
IPF are also being regulated by environmental exposure [115] such as wood dust, 
textile dust, metal dust, silica, cigarette smoking, and many more [112, 115]. Out of 
all the environmental exposures, cigarette smoking is one of the major causes which 
has been linked to the development of IPF. Some studies related with case control 
have shown a link between cigarette smoking [116], occupational exposure, and the 
progression of IPF [115]. Various epigenome-wide association studies have con-
firmed that cigarette smoke can alter the DNA methylation at multiple CpG sites, and 
it can also regulate the miRNA expression in epithelial cells of bronchioles 
[117]. Cigarette smoking also involves in the methylation of Wnt7a, which is a 
specific promoter of a gene that is involved in progression of IPF [112]. Diet and 
ageing are also an equal contributors in the alteration of epigenomes. The pathobiol-
ogy of ageing includes abnormal telomere shortening and dysfunction which is also 
linked to the development of IPF [10]. Other ageing-associated alterations, like the 
dysfunctioning of mitochondria and changed proteostasis enhance cell senescence. 
Persistent deposition of senescent cells is found in IPF lungs and it is responsible for 
stem cell dysfunctioning and produces pro-inflammatory cytokines such as IL-6, 
TGF-β, and metalloproteases which may cause fibrosis [118]. Exposure to fine



particulate matter 2.5 (PM2.5), pesticides, and fungicides can also lead to the 
methylation of DNA [115]. The initiation and progression of IPF can also be a result 
of viral infection. A meta-analysis including 634 IPF patients, 653 control and 
19 virus species (such as Epstein-Barr Virus, CHV, Human herpesvirus), suggested 
that viral infection is strongly associated with higher risk of IPF development 
[118]. Many case control studies have suggested that the exposure of cigarette 
smoke can lead to the development and progression of IPF, however, there is still 
need of evident result to confirm the linkage and exposure of smoking and 
epigenomic of IPF (Fig. 9.3). 
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9.6.1 DNA Methylation 

In numerous targeted studies, it is already shown that modulation of epigenetics 
controls the expression of genes which are involved in the development and pro-
gression of IPF. Likewise, Thy-1(CD90) is a glycosylphosphatidylinositol-linked 
membranous (outer) glycoprotein and is a major regulator of cell-matrix and cell-cell 
interactions [119] but in IPF patients, its expression is absent in fibroblastic foci and 
myofibroblasts [112]. Thy-1 suppresses myofibroblast differentiation and its expres-
sion is downregulated by hypermethylation of promoter gene DNA in rat lung 
fibroblast [119] and also by histone modification [115]. The expression of the 
α-smooth muscle actin (α-SMA) gene varies depending on the degree of methylation 
of three CpG islands in the promoter of the α-SMA gene in fibroblasts, 
myofibroblasts, and alveolar epithelial type II cells. Inhibition of DNMT by 
siRNA induces the expression of α-SMA while its overexpression downregulates 
the α-SMA expression [120]. p14 (ARF) and prostaglandin E receptor 2 gene 
(PTGER2) are two examples of genes involved in fibroblast apoptosis whose 
expression was reduced in IPF lung fibroblasts due to hypermethylation of their 
promoters. It has been seen that prostaglandin E2 increases the DNMT3a activity, 
which leads to global hypermethylation and also results in the upregulation of those 
genes which are responsible for the suppression of cell proliferation in pulmonary 
fibroblast [121]. In IPF patients, TP53INP1 protein, which is a cell stress response 
protein induced by p53, is the most hypomethylated and upregulated gene [121]. 

9.6.2 Histone Modification 

Histone deacetylases are the enzymes that deacetylase specific non-histone and 
histone proteins at particular locations [122]. In the process of deacetylation, histone 
deacetylases remove the acetyl group from lysine and retain the positive charge of 
histone, which results in the development of dense chromatin, hence inhibiting gene 
expression. On the other hand, histone acetyltransferases, i.e., HATs are another 
enzymes that acetylate the amino acids having conserved lysine by transferring the 
acetyl group from acetyl coenzyme A to form ε-N-acetyl-lysine, that attach with 
positive charged histone lysine and increases hydrophobicity. This binding leads to



the emergence of a loose chromatin structure that promotes the transcription of 
uncoiled DNA [123]. Defects in the acetylation of histone can lead to the repression 
of expression of two genes which are antifibrotic, COX2 (cyclooxygenase-2), and 
chemokine IP-10 [115, 124]. C-X-C motif chemokine 10 is an antifibrotic molecule, 
produced by lung fibroblast, as a counterregulatory factor. It has been shown that the 
methylation of histone H3 lysine 27 by histone lysine methyltransferases (EZH2, 
G9a, G9a-like protein) represses the CXCL10 gene [124]. 
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Recent studies demonstrated the suppression of the caveolin (Cav-1) gene by 
TGF-β leads to fibroblast proliferation and attains anti-apoptotic tendency. Cav-1 is 
constitutively repressed in IPF and the repression of the Cav-1 gene is regulated by 
histone modification (trimethylation of H3 lysine 4) [125]. It has been also reported 
that class III histone deacetylase, sirtuin, encourages proteasomal degradation of p21 
to lessen the senescence brought on by TGF-β in human bronchial epithelial 
cells [121]. 

9.6.3 Non-Coding RNA Regulation 

After exploring global miRNA profiles in lung tissue of IPF patients, epigenetic 
regulators of fibroproliferation, miR-29, and let-7d have been recognised while 
miR-155, miR-154, and miR-21 were found to be upregulated [114, 121]. The 
analysis of the lung fibrosis model of murine shows that let-7d has a protective 
role through the restriction of SMAD-3-dependent EMT. According to a subsequent 
investigation, in IPF lungs, miR-154 was one of the miRs that was most highly 
elevated. miR-154 appears to be a viable therapeutic target since transfection of 
primary fibroblasts with it led to substantial increases in cell migration and prolifer-
ation by activating a Wnt pathway [121]. A study reported that in IPF patients’ lung 
tissue, the miR17~92 clusters were reduced, while DNA methylation of its 
promoters’ region by DNMT1 was increased [112, 126]. miR17~92 is crucial in 
the development of lung epithelial cells and targets essential fibrotic genes [126]. A 
short non-coding RNA, miR-29 has also shown antifibrotic action in lung fibrosis, 
and it is majorly expressed during the fibrosis of various tissues. miR-21 has been 
demonstrated to be increased in the lungs of individuals with IPF and an experimen-
tal model of pulmonary fibrosis, primarily in fibroblastic foci [121]. 

9.7 Treatment of Idiopathic Pulmonary Fibrosis 

Since delayed access to care and treatment is independently related to a higher risk of 
mortality, it is indicated that patients with known or suspected IPF be sent as soon as 
possible to a facility with experience in providing care for the condition [127]. The 
step-by-step treatment approach should be followed in the management of patients 
with IPF (Fig. 9.4). There is currently no cure for IPF, although nintedanib and 
pirfenidone are two drugs that work to delay the disease’s development and reduce 
mortality. The patient’s tolerance for side effects will determine which medicine is



preferred because, based on the available evidence, none is more effective than the 
other [128]. Pirfenidone, a pyridone, is an orally available, small molecule having 
multiple effects such as anti-inflammatory, antioxidant and antifibrotic 
[8, 123]. Pirfenidone inhibits ECM production and fibrogenesis by suppressing the 
transcription of profibrotic and procollagen factors, such as TGF-β and PGDF, and it 
also suppresses the production of reactive oxygen species [123]. Pirfenidone also 
inhibits the proliferation of fibroblasts [128]. 
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Nintedanib, a tyrosine kinase inhibitor, was developed for use in cancer treatment 
because it inhibits the proangiogenic factors [8]. Nintedanib targets platelet-derived 
growth factor receptors, receptor, and vascular endothelial growth factor receptor, 
that are highly upregulated in the lung tissue of IPF patients [123]. In a phase 2 study 
of patients with IPF, nintedanib showed a dose-dependent tendency to slow the loss 
of lung function and lower the frequency of acute exacerbations. In two additional 
phase 3 studies, nintedanib was compared to a placebo. For inclusion, the forced 
vital capacity had to be larger than or equal to 50% of the expected value, and the 
predicted lung carbon monoxide diffusion capacity had to be between 30 and 79%. 
In both studies, the relative fall in forced vital capacity after 52 weeks was 47.9 and 
55.1% lower in the treatment group compared to the control group [2]. Both the 
above drugs have the same effect on the rate of decrement in forced vital capacity. 
Till date, none of the drugs, whether it is nintedanib or pirfenidone, has shown a 
survival benefit in clinical trials. However, these drugs have proven their effect on 
decreasing the mortality of IPF patients [2]. Various studies had been done using 
different drugs to treat IPF. However, none of them proved to be an effective and a 
reliable treatment therapy. Drugs, such as ambrisentan, everolimus, prednisolone, 
azathioprine, acetylcysteine, and warfarin had been identified as potentially harmful 
therapies in clinical trials. However, some therapies were potentially ineffective such 
as bosentan, imatinib, macitentan, and sildenafil [2]. Further, several drugs were 
tried and under clinical trials unfortunately no success has been achieved (Table 9.2). 

9.7.1 Symptom-Focused Therapy 

Due to the significant symptom load of IPF, including dyspnoea and cough, adjunc-
tive symptom-based therapy is crucial. Corticosteroids and opiates might help in 
reducing chronic cough, anxiety, dyspnoea respectively [2]. Further, studies have 
demonstrated that pulmonary rehabilitation can reduce these symptoms, enhancing 
the quality of life. Moreover, LTOT (long-term oxygen therapy) is a necessary 
treatment in patients with IPF suffering from disease progression [128]. To treat 
low oxygen levels in IPF patients, supplemental oxygen therapy should be 
considered [2].
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9 Epigenetics of Idiopathic Pulmonary Fibrosis 165

Table 9.2 Various drugs which have been terminated due to adverse events and ineffectiveness 
during clinical trials on IPF patients 

Study 
phase 

1. Warfarin anticoagulant Phase 
III 

Increased mortality, study 
terminated 

[129] 

2. Everolimus mTOR inhibitor Phase 
II 

High adverse events and 
increased disease 
progression 

[130] 

3. Bosentan Dual endothelin 
receptor 
antagonist 

Phase 
III 

No significant changes in 
treatment group 

[131] 

4. Ambrisentan Type A 
endothelin 
receptor 
antagonist 

Phase 
III 

Terminated due to lack of 
efficacy and increased 
disease progression 

[132] 

5. Macitentan Dual endothelin 
receptor 
antagonist 

Phase 
II 

No significant changes in 
treatment and control 
group 

[133] 

6. Sildenafil PDE-5 inhibitor Phase 
II 

No significant changes in 
treatment and control 
group 

[134] 

7. Etanercept Recombinant 
soluble human 
TNF-α receptor 

Phase 
II 

No significant difference 
in primary end points 

[135] 

8. Imatinib Tyrosine kinase 
inhibitor 

Phase 
II 

No difference in survival 
or lung function 
between treatment 
groups 

[136] 

9.8 Future Perspective of IPF Treatments 

There are several approaches that should be considered in the treatment of IPF such 
as alveolar epithelial injury prevention, targeting the coagulation cascade, boosting 
epithelial proliferation and collagen synthesis, preventing fibroblast proliferation and 
extracellular matrix direct targeting, inhibiting TGF-β and other profibrotic 
cytokines, and increasing epithelial resistance to injury [8]. The drugs which are in 
advanced stages in clinical trials are Simtuzumab (monoclonal antibody against lysyl 
oxidase-like 2), Lebrikizumab (monoclonal antibody against IL-13), and STX-100 
[8]. An approach to combating telomere shortening, a known contributor to epithe-
lial senescence is an appealing therapeutic approach for the treatment of IPF. hTERT 
administered by using an adenoviral vector has shown the potential treatment to 
express enzyme telomerase in other human diseases. Additionally, by inhibiting the 
development of senescent cells as a result of mitochondrial malfunction, treating 
lung fibrosis may be possible by enhancing mitochondrial biogenesis or mitophagy 
by utilising activators of PINK1 or SIRT3 [118]. Brd4 inhibitor JQ1 and HDAC



inhibitors such as Spiruchostatin A (SpA), and Suberoylanilide hydroxamic acid 
(SAHA) have shown the reversal of profibrotic phenotype in primary fibroblasts and 
bleomycin mouse model [137]. 
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9.9 Conclusion 

In the last 15 years, the perspective of IPF has been changed enormously. Earlier IPF 
was considered idiopathic, but series of findings such as genetic polymorphisms, 
ageing, epigenetic alterations put the light on various pathogenesis through which 
IPF is characterised, that are ECM deposition, inflammation, and fibrosis. Several 
studies have also shown that alteration in epigenetics leads to the progression of IPF. 
Some animal studies have shown effectiveness in mitigating the IPF by targeting 
these epigenetic alterations. So far, the management of IPF relies on two newly 
approved drugs, that are pirfenidone and nintedanib as they have shown effect in 
reducing the IPF severity, yet these two are unable to prove efficiency in reducing 
mortality of IPF patients. Some drugs, like Simtuzumab, which is a monoclonal 
antibody, Lebrikizumab, monoclonal antibody against IL-13, and STX-100 are in 
advanced stage of clinical trials. Apart from these drugs, various other drugs were 
proved ineffective and hazardous during clinical trials. Other approaches should also 
be considered in the therapy of IPF, such as alveolar epithelial injury prevention, 
preventing fibroblast proliferation, ECM accumulation, and inhibiting profibrotic 
and TGF-β. Targeting telomere shortening by administration of hTERT has potential 
to combat IPF. Due to the significant symptom load of idiopathic pulmonary fibrosis, 
including dyspnoea and cough, adjunctive symptom-based therapy is crucial. Con-
sider probable contributory comorbidities in individuals with persistent cough, such 
as gastroesophageal reflux disease. Corticosteroids and opiates might help in reduc-
ing chronic cough, anxiety, dyspnoea, respectively. Supplemental Oxygen for long-
term is also a necessary treatment in patients with IPF suffering disease progression. 
To treat low oxygen level in IPF patients, supplemental oxygen therapy should be 
considered. Altogether, IPF is a disease of concern as till date no effective treatment 
is available and targeting root cause of disease such as epigenetic alterations is a 
crucial approach to mitigate the disease. 
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