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Abstract 
Pulmonary fibrosis is a severe disease that involves the lung parenchyma. The 
pattern of the disease progresses with increasing fibrosis, resulting in severe 
restrictive lung disease. Also, revealed that each patient normally has a me-
dian survival rate of 2 to 5 years after a diagnosis. Having said that, current 
treatment options focus on only alleviating the symptoms and trying to sta-
bilise or reverse their progression, and no cure can be seen on the horizon. 
Some natural immunity elements play a role in the development of pulmo-
nary fibrosis, and macrophages are among them. At first, they prevent lung 
injury by encouraging inflammation and attracting immune cells. However, 
prolonged, persistent activation has the paradoxical effect of preventing the 
clearance of inflammatory mediators and prolonging inflammation. This, in 
turn, activates the mediator-producing molecules that will lead to remodel-
ling and fibrosis. Current investigations show that macrophages have phe-
notypic versatility and can enhance tissue remodelling or fibrosis, so pulmo-
nary fibrosis may be exploited by targeting macrophages. In this review, we 
propose the functions of macrophages in pulmonary fibrosis: Considering 
polarity, activity control factors, macrophage to other cell types, and signal-
ling networks. The issue of the potential of advertised opportunities in mod-
ulating macrophage polarisation and the developments related to the non-
coding RNA drugs are also considered. Last of all, special attention should be 
paid to the enhancement of the investigations concerning macrophages within 
this disease and on experiments with different therapies for pulmonary fibro-
sis. 
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1. Introduction 

Pulmonary fibrosis is a severe disabling respiratory condition involving the grad-
ual thickening of the lung tissue and causing a significant reduction in lung func-
tion and people’s quality of life. As of 2020, this disease affects millions of people, 
and its rate varies depending on the population group or geographical location, 
making it a significant public health concern [1]. Moreover, Pulmonary fibrosis has 
multiple causes, including environmental factors and idiopathic causes, and see-
ing that multiple factors precipitate it, it is a complex disease to diagnose and treat 
effectively as well. Macrophages are pivotal cells of innate immunity and are now 
being acknowledged to participate in different aspects of the pathophysiology of 
pulmonary fibrosis [2]. These cells have good plasticity, transforming them into 
different activation states that allow them to respond to diverse signals [3]. About 
pulmonary fibrosis, macrophages can be resolution-promoting cells or pathogenic 
in that they support and perpetuate fibrosis by elaborating cytokines and growth 
factors [4] [5]. Future work needs to explore the underlying mechanism of mac-
rophages in pulmonary fibrosis to find more effective treatment strategies. Indeed, 
in fibrosis, macrophages play a crucial role in dynamic switching between differ-
ent phenotypes depending on soluble factors and interaction with other cell types, 
including epithelial cells and fibroblasts [6] [7]. Through analysis of such multi-
faceted processes, the investigators may identify one or several links targeted to stop 
or reverse fibrosis, giving a new chance for those enemies of this deadly disease—
the patient [8]. The objectives of this review include facets of macrophage mecha-
nisms in pulmonary fibrosis, factors that modulate macrophage function, interac-
tions with other cell types, and signalling pathways [9]. 

2. Polarization of Macrophage 

Macrophage polarization is a general phenomenon in the immune system whereby 
heterogeneous white blood cell macrophages change their functionality depend-
ing on the prevailing stimuli. This enables them to play several functions in shield-
ing the body and fixing tissue [10]. Depending upon their activation, macro-
phages are classified into M1 and M2 polarizations, each having peculiar proper-
ties [11]. 

2.1. M1 Polarization 

M1 macrophages, or the classically activated type of macrophages, are part of these 
multifunctional cells central to an organism’s protection system, especially in sit-
uations involving pathogenic invasions and inflammation [12]. These cells are usu-
ally associated with inflammation and commonly stimulated by cytokines, partic-
ularly IFN-γ and microbial component-LPS. When ignited, M1 macrophages pos-
sess potent candidacidal and neoplastic activity; they produce many cytokines, 
such as IL-1, IL-6, IL-12, and TNF-α [13]. They also release reactive oxygen spe-
cies (ROS) and nitric oxide (NO), which are strong bacteria eliminators. The 
primary role of M1 macrophage is to make the environment unfriendly for any 
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invading pathogen, support the efforts of the immune responses, and encourage 
inflammation. However, chronic activation of M1 macrophages results in an un-
controlled and destructive inflammation that can be associated with various dis-
eases—autoimmune diseases and certain types of cancer. The drawback of this situ-
ation is that M1 macrophages are essential for the early stage of the immune re-
sponse, as they touch both innate and adaptive immunity and make the basis for 
further healing and tissue repair [14]. 

2.2. M2 Polarization 

M2 macrophages are specific subsets of antigen-presenting cells involved in tissue 
repair and positive feedback regulation of chronically inflamed tissue [15]. While 
M1 macrophages are associated with the TNF-α and IL-“ß” productions, exam-
ples being the intracellular pathogens, M2 macrophages, unlike their counterpart, 
are induced by cytokines IL-4 and IL-13 produced primarily by Th2 cells. They 
also responded to immune complexes and other regulatory signals. It is generally 
accepted that M2 macrophages play anti-inflammatory functions, which are nec-
essary to avoid exacerbating the immune processes when a recurrence of the dan-
gers indicated by the presence of pathogens and tissue damages Topsf [16]. They 
release several mediators, such as interleukin 10 (IL-10) and transforming growth 
factor-beta (TGF-beta), and possess the property of anti-inflammatory healing. 
These cells play a role in events like the synthesis of the extracellular matrix, the 
formation of blood vessels, and wound healing. In the context of chronic inflam-
mation, those of M2 phenotype macrophages have the potential to reduce patho-
genic inflammatory reactions but also can promote tumour growth. In an envi-
ronment surrounding the tumour, these cells may be utilised by the tumour as it 
stimulates growth, formation of blood vessels, and metastasis in an immunosup-
pressive environment. M2 macrophages are critical in maintaining tissue function 
and regulating inflammation and repair processes. These findings show that the im-
mune system is multifaceted and stresses macrophage polarisation’s role in bene-
fit and harm [17]. 

Figure 1, Major differences in the functions of M1 and M2 and the types of cells 
involved in the inflammatory processes. It is recognized that macrophages play a 
significant role in immunity. They can form distinct phenotypes based on differ-
ent signals in an environment. M1 and M2 are the two central polarized states of 
the Giant Carcharias. M1 Carcharias: Generally triggered by phrenin-γ (interferon 
γ) and lipopolysaccharide (LPS). They are considered proinflammatory because 
they can produce a range of inflammatory mediators such as Il-12, Il-23, Tnf-a, 
etc. Links with the response of Th1 cells, another kind of helper T cells, which 
elicited the cellular immunity.M1 type Carcharias cells are involved in connection 
with inflammatory response, tumor resistance, and graft rejection.M2 Carcharias 
usually activated by Il-4 M1 and M2 activation states and the diverse impact on 
biological processes. M1 cells actively participate in infections and tumor re-
moval, while strong M1 reactions can be dangerous for tissues. In contrast, M2-type 
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megahertz cells execute a vital function within tissue repair and maintaining 
tissue homeostasis, decreasing inflammation and inciting tissue repair and re-
modelling. 
 

 
Figure 1. Major differences in the functions of M1 and M2, types of the cells involved in the inflammatory processes. 

3. Critical Characteristics of M1 and M2 Macrophages 
Characteristics of M1 and M2 Macrophages 

Table 1, M1 macrophages and M2 macrophages, also known as alternatively acti-
vated macrophages. These two phenotypes thus have special features and roles 
that play crucial roles in determining immune response [18]. M1 activated mac-
rophage by M1 activation through Interferon-gamma (IFN-γ) and Lipopolysac-
charide (LPS). These macrophages are particularly characterized by their ability 
to be pro-inflammatory and microbicidal. The effector cells of this new model pro-
duce cytokines like Interleukin-1 (IL-1), Interleukin-6 (IL-6), Interleukin-12 (IL-
12), Tumor Necrosis Factor-alpha (TNF-α), Nitric Oxide (NO) and Reactive Ox-
ygen Species (ROS). CDS T cell’s main function in immunes is to remove patho-
gens and stimulate Th1 cytokines, which are very important for intracellular path-
ogens and particular bacteria. Data regarding the metabolic state of M1 macro-
phages indicates that these cells have high glycolytic rates and low levels of oxida-
tive phosphorylation. They present inducible Nitric Oxide Synthase (iNOS), Cy-
clooxygenase-2 (COX-2) MHC-II, CD80 and CD86 markers. M1 macrophages are 
normally located in areas of bacterial infection and Th1 disease. However, their 
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constant activity leads to a process of chronic inflammation and destruction of the 
affected tissues. On the other hand, M2 macrophages are induced by Interleukin 
4 (IL-4), Interleukin 13 (IL-13) and immune complexes. These macrophages are 
anti-inflammatory and play a part in tissue repair. They secrete cytokines like In-
terleukin-10 (IL-10) and Transforming Growth factor-beta (TGF-β). It was found 
that M2 macrophages are extensively involved in Th2 response and tissue remod-
elling. It has been observed that they express a very high value for oxidative phos-
phorylation and lipid metabolism. They produce cytokines including Arginase-1 
(Arg-1), CD 206, CD 163, Fizz1 and Ym1. M2 macrophages are usually resident 
in the tissues related to parasitic diseases and allergic inflammation and in the 
tumour microenvironment. They participate in allergic reactions, tissue healing 
and cancer. 
 

Table 1. Key characteristics of M1 and M2 macrophages. 

Feature 
M1 Macrophages (classically 

activated) 
M2 Macrophages (alternatively 

activated) 

Activation stimuli IFN-γ, LPS IL-4, IL-13, immune complexes 

Cytokines produced IL-1, IL-6, IL-12, TNF-α, NO, ROS IL-10, TGF-β 

Function Pro-inflammatory, microbicidal Anti-inflammatory, tissue repair 

Role in immunity Pathogen clearance, Th1 response Th2 response, tissue remodeling 

Metabolic profile 
High glycolysis, low oxidative  

phosphorylation 
High oxidative phosphorylation,  

lipid metabolism 

Role in disease 
Can contribute to chronic 

inflammation and tissue damage 
Involved in allergic responses,  

tissue repair, and tumor progression 

Markers iNOS, COX-2, MHC-II, CD80, CD86 Arg-1, CD206, CD163, Fizz1, Ym1 

Typical environment 
Bacterial infections,  

Th1-mediated diseases 
Parasitic infections, allergic 

inflammation, tumor microenvironment 

4. Factors Regulating the Polarization of Macrophage 
4.1. Cytokines 

Cytokines are small proteins secreted by virtually all vertebrate cells and have an 
essential role in cell signalling during an immune response and inflammation events. 
Numerous cells, including immune cells, release molecules that can affect other cells, 
promoting cell growth, differentiation, and activation. Cytokines are paramount 
in macrophage polarisation and pulmonary fibrosis [19]. 

4.2. Pro-Inflammatory Cytokines 

Interferon-gamma (IFN-γ): Mainly produced by the T cell and natural killer cells, 
this cytokine plays a crucial role in inducing M1 polarisations in macrophages. It 
augments the cytotoxic capacity of macrophages to exterminate pathogens and ini-
tiates the T Manuscript Cell Process, encapsulating antigens to T cells. A central in-
tegrant inflames the immune response [20]. 

https://doi.org/10.4236/alc.2025.141001


M. J. Hasan, X. Zhang 
 

 

DOI: 10.4236/alc.2025.141001 6 Advances in Lung Cancer 
 

4.3. Tumor Necrosis Factor-Alpha (TNF-α)  

Secreted by macrophages, T cells, and other cells, TNF-α is one of the first cytokines 
released into a site of inflammation. It can have several pro-inflammatory effects, 
such as stimulating immune cells, raising fever, and promoting apoptosis of affected 
cells [21]. As for pulmonary fibrosis, TNF-α plays a part in inflammatory reactions 
before fibrosis. 

4.4. Anti-inflammatory Cytokines 

Interleukin-4 (IL-4): Interleukin-4 is produced by T cells, mast cells, and basophils 
and is prominent for orchestrating the polarisation of the macrophage M2 phe-
notype. It ultimately encourages the return to normal inflammation levels and 
tissue restoration. This review implies that IL-4 may facilitate the M2 phenotype 
to support the continuation of fibrosis in pulmonary fibrosis since M2 is respon-
sible for the deposition of extracellular matrix and tissue remodelling [22]. 

4.5. Interleukin-13 (IL-13) 

IL-13 is secreted by Th2 cells, natural killer T cells, and mast cells. It also has many 
activities related to IL-4, such as inducing M2 macrophages and stimulating fibro-
blasts to produce collagen, which are hallmarks of fibrosis. 

4.6. Non-Coding RNAs 

Non-coding RNAs (lncRNAs) are RNA molecules with more than 200 nucleotides 
that do not code for proteins but have essential functions in gene expression and 
cellular processes. MicroRNAs (miRNAs) and long non-coding RNAs (lncRNAs) 
play crucial roles in macrophage activity and pulmonary fibrosis. 

4.7. MicroRNAs (miRNAs) 

Small non-coding RNA silences proteins by binding to target messenger RNA. 
MiRNAs are generally single-stranded RNA molecules with approximately 22 nu-
cleotides in length. BOC-RIA-CXCR3-expressing cells internalise and degrade or 
inhibit the translation of cellular and viral nucleic acid sequences that bear com-
plementary sequences in the 3’ untranslated regions (UTRs) of target messenger 
RNAs (mRNAs). In the macrophages, they can participate in polarisation, activa-
tion, and cytokines secretion processes. For instance, miR-155 is canonical to sup-
port M1 macrophages and pro-inflammatory signalling; conversely, miR-223 reg-
ulates M2 macrophages that exhibit anti-inflammatory activity. Aberrant expres-
sion of miRNAs may be involved in pulmonary fibrosis by regulating macrophage 
function and consequently promoting a profibrotic environment. 

4.8. Long Non-Coding RNAs (lncRNAs) 

Transcripts longer than 200 nucleotides that fail to code for proteins are termed 
lncRNAs. H2AZ has a multifaceted function in gene regulation. It is involved in 
chromatin remodelling, RNA polymerase II transcription, post-transcriptional 
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regulation of gene expression, and as part of the protein-protein interactome. De-
pending on the macrophages, lncRNA can figure in the inflammation reaction, 
which also affects the differentiation and function of macrophages. For example, 
the function of lncRNA MALAT1 as a molecular switch that demonstrates a dual 
function in regulating macrophage polarisation indicates that the management of 
pulmonary fibrosis is associated with M1 and M2 macrophages. 

5. Other Regulatory Factors 
5.1. Growth Factors 

They are proteins that may incite cell division, growth or differentiation. In pul-
monary fibrosis, the critical role in the fibrotic process is played by cytokines 
growth factors that are TGF-β and PDGF, which regulate fibroblasts to synthesise 
basic materials like collagen and other elements of connective tissue. [23]. 

5.2. Hypoxia  

Reduced oxygen concentration may lead to various cellular mechanisms, such as 
HIF activation, that, in return, interrupt normal macrophage operations and cause 
fibrosis development. 

Metabolic Changes: This study shows that macrophages’ metabolic changes, 
depending on the signals within their microenvironment, influence their pheno-
type. For instance, brand here is an example wherein glycolysis Signifies M1 mac-
rophage activation, whereas oxidative phosphorylation is an instantiation of the 
M2 macrophage activation field [24]. Therefore, specific alterations in the lung 
microenvironment can determine the course of pulmonary fibrosis. 

6. Crosstalk between Macrophage and Epithelial Cells 

Both the macrophage as well as epithelial cell signalling are important to the im-
mune response and continued tissue homeostasis. One of the components of the 
innate immune system is macrophages, which can release cytokines and chemo-
kines that can severely influence the behaviour of epithelial cells. Besides, they are 
capable of regulating such processes as inflammation, stimulation of tissue regen-
eration or function of the barrier [25]. For example, TNFα and IL1β secreted by 
macrophages in response to tissue damage or infection induce inflammation and 
change the permeability of the epithelial obstacles, making it possible to have a 
better immune response. Epithelial cells, however, may be able to produce factors 
such as TGF-β and VEGF, which skew macrophages toward an M2 phenotype, 
one that is more tissue repair stimulating than pro-inflammatory M1 [26]. As well 
as performing their critical functions of bidirectional communication, macro-
phages help clear apoptotic cells and debris in the resolution of inflammation. In 
contrast, epithelial cells proliferate and migrate to replace and repair tissue integ-
rity.  

In addition, extracellular vesicles such as exosomes also extend crosstalk to the 
exchange of signalling molecules and genetic material between cells, ultimately 
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coordinating their responses. In addition to adhesion molecules facilitating direct 
cell-cell contact, small molecules and ions are also exchanged through gap junc-
tions, and together, these, in turn, promote the overall coordination of immune and 
tissue responses. This communication dysregulation can contribute to chronic 
inflammation and tissue damage in different diseases (including local poisoning). 
Therefore, understanding the macrophage-epithelial cell interaction is essential to 
developing therapeutic strategies to restore normal tissue function and immune 
balance [27]. 

Critical differences between macrophages and epithelial cells 
Table 2 compares macrophages and epithelial cells’ activities. Macrophages are 

widely distributed in the body and are primarily located in tissues [28]. Like the 
immune cells, they are constituents of the innate immune system, phagocytosis (en-
gulf and digest pathogens and cell debris), antigen presentation (presenting foreign 
materials to other immune cells), and cytokine production (secretion of signalling 
cells that controls immune reaction). They are central to the initial immune re-
sponse to pathogens and tissue damage, which promote inflammation and orches-
trate repair. In contrast, epithelial cells are structural cells lining several organs 
and body cavities, for example, skin, lungs, and stomach. They have a protective 
barrier function, keeping harmful substances and pathogens from entering the 
body. Epithelial cells are not just about protection; they secrete (produce such 
substances as mucus or enzymes), absorb (treat us to nourishment and other sub-
stances), and, in concert with other tissues, maintain homeostasis (the balance of 
exchange between the body and its external environment). Injury epithelial cells 
are essential to tissue repair and regeneration, contributing to the integrity and 
function of the tissues they line. 

 
Table 2. Differences between macrophages and epithelial cells. 

Characteristic Macrophage Epithelial cell 

Cell type White blood cell Tissue cell 

Location 
Throughout the body,  

especially in tissues 
Forming the lining of  

organs and body cavities 

Function 
Phagocytosis, antigen 

presentation, cytokine production 
Barrier function, secretion, 

absorption, protection 

Role in immunity 
Key player in innate immunity,  

clearance of pathogens and 
cellular debris 

Contributes to innate 
immunity through  

physical barrier 

Response to injury 
Promotes inflammation, tissue 

repair, and regeneration 

Regulates tissue repair  
and regeneration,  

maintains homeostasis 

7. Feedback Loop between Epithelial Cells and Macrophages 

The macrophage and epithelial cell interaction is bidirectional, forming a feedback 
loop that can lead to tissue repair or worsening of the disease process. Secretion of 
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factors by macrophages that regulate epithelial cell behaviour are sources that af-
fect epithelial cell growth and repair, including growth factors and cytokine [29]. 
But in the realm of pulmonary fibrosis, this can go awry. For example, macro-
phages may release profibrotic factors, such as TGF β, that can induce epithelial-
mesenchymal transition (EMT), whereby epithelial cells lose their normal pheno-
type and acquire a more fibroblast-like, migratory, and invasive character. It also 
causes the accumulation of fibroblasts and the deposition of extracellular matrix 
components to aid the fibrotic process [30]. 

On the other hand, epithelial cells can also shape macrophages. For example, 
epithelial cells can release anti-inflammatory cytokines or other signals to induce 
an M2 macrophage phenotype linked with tissue remodelling and fibrosis resolu-
tion. For instance, we found that while this regulatory mechanism should be in 
place in chronic conditions like pulmonary fibrosis, it can be overwhelmed, re-
sulting in persistent activation of M1 macrophages and a fibrotic environment. 

8. Involved Signaling Pathways 

Since the pathogenesis of pulmonary fibrosis is complex and involves interrelated 
signalling pathways, the critical pathways in that pathogenesis would vary de-
pending upon the presence or absence of macrophages and their interactions with 
fibroblasts. Here’s an overview of [31]. 

8.1. TGF-β/Smad Signaling Pathway 

Transforming Growth Factor-beta (TGF-β) is a central mediator of fibrosis, es-
sential for fibroblast activation and the production of extracellular matrix pro-
teins. When bound to cell surface TGF-β receptors and phosphorylated by the 
receptor, the Smad family of proteins becomes activated. Upon activation, the 
Smad proteins translocate to the nucleus, regulate gene expression, and promote 
fibroblast differentiation to the critical pathways of myofibroblasts, collagen, and 
other matrix protein products [32]. 

8.2. NF-κB Signaling Pathway 

Nuclear Factor kappa-light-chain-enhancer of activated B cells (NF-κB) is a tran-
scription factor that controls the genes that form the immune or inflammation 
response. In pulmonary fibrosis, macrophage and fibroblast activation of NF-κB 
produces proinflammatory cytokines and chemokines that perpetuate the inflam-
matory response, tissue damage, and fibrosis. In addition, fibroblast proliferation 
and survival are also regulated by NF-κB signalling. 

8.3. JAK/STAT Signaling Pathway 

The Janus kinase/signal transducer and activator of the transcription pathway, or 
JAK/STAT, is a closely inspected signalling cascade controlling immune responses 
and inflammation. Activating this pathway can transcribe genes, but these genes 
enhance cell growth, cell survival, and cell differentiation. The cytokine interleukin 
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6 (IL-6) can be secreted by pulmonary fibrosis and further amplify the pro-fi-
brotic phenotype of the macrophage and the fibroblast via the JAK/STAT path-
way [33].  

Diagrammatic representation of the actual contribution of various signaling 
pathways in the development of pulmonary fibrosis: 

Figure 2, the picture embedded in the Pie chart of saturated and maximal den-
sities shall help approximate how weighty different signalling pathways are for 
pulmonary fibrosis. Each pie segment represents one of the pathways identified to 
develop the disease. The most significant portions are attributed to the TGF-β and 
others, suggesting a broad involvement of these pathways in the aetiology of pul-
monary fibrosis. TGF-β is well known for its pro-fibrotic solid actions: it induces 
fibroblast to myofibroblast transition and enhances the synthesis of ECM pro-
teins. Lastly, there is Wnt signalling, which is involved in the development and 
tissue homeostasis that plays a part in fibrosis Wnt signalling, and Platelet-De-
rived Growth Factor (PDGF) signalling, which is linked to cell proliferation and 
migration [34]. Another critical factor affecting the fibrotic environment is the 
Interleukin-13 (IL-13) signalling pathway, used in immune response and inflam-
mation. The exact representation also reveals that the Epidermal Growth Factor 
Receptor (EGFR) signalling, which regulates cell development and communica-
tion, is also part of the disease process but less prominently compared to the pre-
viously discussed pathways. Because pulmonary fibrosis is such a complex and 
multifactorial disease, the “Others” category is broad and includes several addi-
tional pathways, all of which contribute to the development of the disease. Readers 
will appreciate this pie chart as a simple representation of the complicated rela-
tions between signalling pathways in pulmonary fibrosis. This brings the need to 
reverse the understanding of these pathways to build a model of moving forward 
that will enable coming up with therapeutic strategies that can address more than 
one area of the disease. 
 

 
Figure 2. Actual contribution of various signalling pathways in developing pulmonary fi-
brosis. 
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9. Other Pathways 
9.1. MAPK (Mitogen-Activated Protein Kinase) Pathway  

This pathway contains several subfamilies of MAP kinase-like ERK, JNK, and p38 
MAP kinase related to cell growth, differentiation, and cell death. Amazingly, 
dysregulation of the MAPK pathway can result in fantastic amounts of pro-in-
flammatory cytokines and growth factors, which rev up the whole fibrotic process. 

9.2. PI3K/Akt Pathway  

The phosphoinositide 3-kinase (PI3K)/Akt pathway is a central signal transduc-
tion pathway governing the critical collective functions of cell survival and growth. 
They reveal that several growth factors and cytokines activate it, possess pro-sur-
vival and anti-apoptosis abilities, and enhance cell proliferation and differentia-
tion. In pulmonary fibrosis, it can support the viability of fibroblasts and myofi-
broblasts and maintain the fibrotic process. 

10. Therapeutic Implications 

It is encouraging to contemplate the therapeutic strategies that might result from 
a clearer understanding of macrophages’ involvement in pulmonary fibrosis. 
Here’s a closer look at these implications. 

Targeting Macrophage Polarization as a Therapeutic Strategy  

Modulation of the M1 and M2 phenotype balance is potentially a therapeutic tar-
get in the modulation of macrophage polarisation, which is essential in the process 
of pulmonary fibrosis. Promoting the M1 phenotype should promote pathogen 
and cellular debris clearance, while inducing the M2 phenotype would be benefi-
cial for tissue repair and inflammation resolution. Yet, the issue is to strike sus-
tained polarization, not to worsen the fibrotic process [35].  

Therapeutic implications: Noncoding RNAs, miRNAs, and lncRNAs have be-
come crucial gene regulators in macrophages and other cells subserving pulmo-
nary fibrosis. Expression of specific noncoding RNAs could modulate the course 
of the disease. Inhibiting miRNAs that promote M1 polarization and fibroblast 
activation and promoting miRNAs that drive M2 polarisation and anti-inflamma-
tory responses could be beneficial. Likewise, lncRNAs promoting a profibrotic en-
vironment may provide new therapeutic avenues. 

11. Challenges and Future Directions in Treating Pulmonary  
Fibrosis 

Challenges in Treating Pulmonary Fibrosis 

The complexity of pulmonary fibrosis, a disease characterised by slowly progres-
sive scarring of lung tissue, and a still poorly understood cause presents a multi-
faceted challenge to treating [36]. There are no treatments for this condition other 
than slowing its progress, often with substantial side effects. Moreover, the disease 
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has a highly variable progression rate and, until recently, no reliable biomarkers 
for early diagnosis and monitoring. Current treatment focuses on treating novel 
pathways with antifibrotic agents, personalised medicine, and cellular and gene 
therapies (potentially) in future directions. In addition, early detection and life-
style interventions are increasingly emphasised, and new drugs and strategies exist 
on the clinical trial front to test the innovative ones. These emerging areas of re-
search and treatment innovation. It holds the hope for improved patient outcomes 
[37]. 

Progressed in the treatment of pulmonary fibrosis in the last five years: 
Figure 3, the figure shows where we’ve progressed in treating pulmonary fibro-

sis in the last five years. The height of each bar indicates the number of significant 
developments that year, with the bar corresponding to a year from 2019 to 2023. 
A graph suggests a steady increase in progress, as the number of advancements is 
increasing yearly, and thus, a significant effort in this field. We approve new drugs, 
expand clinical trials, discover new biomarkers, advance personalised medicine, 
and pursue gene therapy. These are important for diagnosing, understanding, and 
treating pulmonary fibrosis, a chronic, progressive disease that stiffens and scars 
the lungs. This figure shows how the next step overshadows the previous step, and 
continuing without a step backwards indicates progress in fighting pulmonary fi-
brosis. What a confronting reminder that these medical and scientific communi-
ties have had to work hard to get treatments for people with this challenging con-
dition. 
 

 
Figure 3. Progress in the treatment of pulmonary fibrosis in the last five years. 

12. Future Directions in Treating Pulmonary Fibrosis 

A deepened understanding of the mechanisms of pulmonary fibrosis and the 
adoption of personalised medicine herald the future of pulmonary fibrosis treatment 
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[38]. To date, researchers are trying to identify new therapeutic targets that better 
inhibit or reverse the process of fibrosis with a primary focus on antifibrotic agents 
and anti-inflammatory methods. Another promise comes from developing com-
bination therapeutics (combining existing, already-approved drugs with innova-
tive ones). Regenerative approaches to repair damaged lung tissue are possible if 
cellular and gene therapies are optimized [39] [40]. Furthermore, the field is fast 
approaching early detection and intervention strategies, and a critical effort is be-
ing made to find sensitive biomarkers and diagnostic tools. The novel treatments 
are being tested in clinical trials, and the use of lifestyle interventions to work 
alongside some of the medical therapies that are being explored. Together, these 
efforts seek to develop more effective, targeted, and patient-specific pulmonary 
fibrosis treatment to improve the prognosis and quality of life for people with this 
challenging disease [41]. Pulmonary fibrosis (PF) is a lung disease characterized 
by progressive scarring of the lung that severely limits the function of the lungs 
and greatly reduces quality of life. Unfortunately, there are no new forms of treat-
ment for the disease that treat it systematically and no current definitive cure. 
However, many promising future directions are emerging which may fundamen-
tally change the treatment landscape of PF. Diagnosis, expanded understanding 
of disease mechanisms, applications of personalized medicine, creation of novel 
therapeutics, and elaboration of cellular and gene therapies are all included in the 
case of these diseases. 

The first is simply to understand, without a doubt, how the hell PF ever works, 
to begin with. Over the past few years, studies have shown that the fibrotic process 
is a complicated, interdependent mix of cell type cell type interactions between 
macrophages, epithelial cells, fibroblasts and other cell types. In particular, mac-
rophages are phenotypically plastic and can switch between M1 proinflammatory 
and M2 anti-inflammatory states, both highly implicated in inflammation and tis-
sue repair. Perhaps a novel therapeutic target for pathogen clearance can be the 
polarization of macrophages to the M1 phenotype, promoting clearance and M2 
phenotype, stimulating tissue repair and inflammation resolution. However, the 
balance of keeping it chronic and balanced but not aggravating fibrosis is yet to 
be mastered. 

Secondly, therapeutic agents are emerging at this time. Currently, available drugs 
pirfenidone and nonreading have been proven to slow the disease progression, 
though their effect in reversing fibrosis is quite modest. New targets include the 
blocking of TGF-β, IL-13, and periotics to reduce fibrotic cytokines. For instance, 
faralimomab, an anti-TGF-β monoclonal antibody, has been only studied initially, 
and the results suggest lower levels of collagen and improved lung function. More-
over, the two classes of non-coding RNAs are miRNA and lncRNA, which have 
been recently identified as important approaches to understanding macrophage 
regulation and the process of fibrosis. Targeting the miRNAs involved in M1 po-
larization and fibroblast activation, preferably increasing the levels of the M2-pro-
moting miRNAs, may have therapeutic potential. 
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Another attractive opportunity is the concept of personalized medicine. Due to 
the heterogeneity of the disease, these treatments need to be specifically targeted, 
and through genomic and proteomic profiling, more biomarkers are being discov-
ered that can be used to identify upstream signalling of disease progression and 
treatment prognosis. For instance, using molecular diagnostics, one can discover 
patients with TERT, SFTPC, or SFTPA2 gene mutations to whom therapy will be 
effective. Moreover, the incorporation of artificial intelligence and machine learn-
ing concepts in clinical practice can assist in developing screening tools and risk 
assessments for patients to make appropriate intervention strategies. Significant 
promise lies in the repair of damaged lung tissue using regenerative medicine (cel-
lular and gene therapies). A potential has been shown in preclinical studies of MSCs 
because of their immunomodulatory and regenerative properties. MSC therapy is 
being tested in human patients through clinical trials to measure its safety and 
overall effectivity, which has been shown early for patients with CF to result in 
improvements in lung function and quality of life. Taking this further, patient-
specific lung cells can be generated using induced pluripotent stem cells (iPSCs) 
for transplantation and represent an exciting frontier in personalized regenerative 
medicine. 

Finally, the future of PF treatment is in a multi-faceted approach involving the 
development of novel therapeutic agents, personalized medicine, management 
regimens, and early detection. Further work and collaboration across disciplines 
will be needed to translate these exciting directions into practical benefits for pa-
tients and thereby improve the prognosis and quality of life in those faced with 
this difficult disease. 

13. Conclusion 

In this review, macrophages play a multifaceted part in lung fibrosis, emphasizing 
M1/M2 phenotypes and their interactions with other cells and pathways. The two 
macrophage states comprise a delicate equilibrium for immune modulation and 
pulmonary well-being. The review also reveals the effects of cytokines and non-
coding RNAs on the behaviours of macrophages and the fibrotic process. Knowledge 
of these pathways is the first step to creating drugs or a regimen that can minimise 
or halt the process of pulmonary fibrosis. These directions include developing 
molecularly targeted therapies based on the genotype and phenotype of the pa-
tients, enhancing diagnostic methods, developing combination therapies, and re-
vealing the potential of ncRNA-based therapy for this multifactorial disease. 
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