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Idiopathic pulmonary fibrosis (IPF) is a rare chronic
respiratory disease characterized by progressive fibrotic
changes in lung tissue of unknown origin, resulting in severe
decline in lung function and poor prognosis with a median
survival of 3 to 5 years. Current pharmacological therapies,
including nintedanib and pirfenidone, aim to slow disease
progression but are limited by side effects and lack of efficacy
in reversing established fibrosis. This literature review
explores emerging therapeutic approaches for IPF using data
from PubMed, Google Scholar, and ScienceDirect databases.
The review highlights mesenchymal stem cell (MSC) therapy,
specifically allogeneic bone marrow-derived MSCs, as a
promising option. MSC therapy demonstrates superior
efficacy in improving forced vital capacity (FVC) by 3.7%,
surpassing the effects of nintedanib (3.3%) and pirfenidone (-
4.8%), while exhibiting minimal adverse effects. The findings
underscore the potential of MSC therapy as a renewable
treatment option for IPF, suggesting a paradigm shift towards
addressing both disease progression and lung function
restoration in affected individuals.

Introduction

expectancy ranging from 3 to 5 years in patients without
therapy after the diagnosis [3].

Idiopathic pulmonary fibrosis (IPF) is a chronic and
irreversible respiratory disease characterized by the
formation of progressive fibrotic tissue in the lung
interstitium [1]. Globally, idiopathic pulmonary fibrosis
is a rare disease with an ever-increasing prevalence. On
the European and North American continents, the
incidence of idiopathic pulmonary fibrosis is estimated
to occur at 2.8 to 18 cases per 100.000 people each year,
while on the Asia and South American continents, the
incidence of idiopathic pulmonary fibrosis is estimated
to occur at a lower number of cases, namely 0.5 to 4.2
cases per 100.000 people annually [2]. Even though it is
a rare disease, idiopathic pulmonary fibrosis cannot be
ignored. This disease has a poor prognosis of life

In its management, patients with idiopathic pulmonary
fibrosis can be given two types of therapy, namely
pharmacological and non-pharmacological treatment.
The pharmacological therapy can be carried out by
prescribing two anti-fibrotic drugs, namely nintedanib
and pirfenidone [4]. Based on the results of the latest
clinical trials, these two drugs have been proven to slow
down the progression of pulmonary fibrosis. However,
in their use, there are still several shortcomings found,
such as side effects on the gastrointestinal system and
not having a curative effect on fibrotic tissue that has
already formed [1]. Meanwhile, non-pharmacological
therapy can be provided through prescribing oxygen
therapy and lung transplant procedures [5]. As with
pharmacological treatment, providing non-
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pharmacological therapy also has several disadvantages,
such as difficult access to therapy, a small number of
lung organ donors, immune rejection, and complications
of surgical procedures [1].

Based on the results of the analysis of various literature
sources, it can be seen that there is a renewable cell-
based therapy model for the management of idiopathic
pulmonary fibrosis patients. This therapy utilizes the
ability of stem cells or stem cells derived from the
donor's body to create a secretome microenvironment
that is useful in regeneration. This new therapeutic
model works on the principle of improving lung
function, which has previously decreased due to the
formation of fibrotic tissue, especially lung function
related to Forced Vital Capacity (FVC) and Diffusing
Capacity of the Lung for Carbon Monoxide (DLCO).
Indirectly, with an increase in lung function in the form
of these two things, the survival rate of idiopathic
pulmonary fibrosis patients will also increase [6].
Therefore, research on idiopathic pulmonary fibrosis
management strategies that are safer and easier to
implement is urgently needed.

2. Research Method

The review on the potential of Allogeneic Bone
Marrow-derived Mesenchymal Stem Cells (BM-MSCs)
as a renewable therapy for Idiopathic Pulmonary
Fibrosis (IPF) spanned from April to June 2024. The
search encompassed both Indonesian and English
language articles sourced from reputable databases
including PubMed, Google Scholar, and ScienceDirect.
Keywords used in the search included "lIdiopathic
Pulmonary Fibrosis," "Mesenchymal Stem Cell," "BM-
MSCs," "Clinical Trials,"” "Nintedanib," "Pirfenidone,"
and "Percentage Predicted FVC." The review utilized an

analytical methodology involving systematic data
collection, comprehensive information synthesis,
logical argumentation, and the derivation of

conclusions. A total of 18 pertinent articles were
meticulously selected for inclusion based on their
relevance to the topic.

3. Result and Discussion
3.1. Idiopathic Pulmonary Fibrosis

The lungs are an important organ of the respiratory
system that facilitates the exchange of oxygen between
the circulatory system and the body's external
environment. Anatomically, the respiratory system is
divided into 2 structures, namely the conductive and
respiratory structures. Therefore, in the breathing
process, 2 main stages occur, namely ventilation and
perfusion. Ventilation is the entry of air from the body's
external environment through the conductive structures
of the respiratory system until it enters the alveoli.
Meanwhile, perfusion is blood flow to the alveolar
capillaries. The existence of these two stages will form
a new stage called diffusion or the process of gas

exchange between the external environment and gasses
in the body's circulatory system [7].

In general, lung function can be determined through
Forced Vital Capacity (FVC) and Diffusing Capacity of
the Lung for Carbon Monoxide (DLCO) tests. FVC is
the maximum amount of air that can be expelled after
taking the deepest possible breath, while DLCO is a
measurement of the diffusion of gas exchange capacity
of the lungs by paying attention to carbon monoxide
levels [6]. Therefore, if there is disturbance or damage
to the structure of the alveoli and blood capillaries, this
will directly reduce the values of the two pulmonary
function test parameters, namely FVC and DLCO. One
disorder that can cause this is pulmonary fibrosis [7].
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Figure 1. Idiopathic Pulmonary Fibrosis (IPF) Pathogenesis. Injuries
repeated continuously causing maladaptive repair (a) and
accumulation of myofibroblasts, fibroblasts, and epithelium
afterwards (b) [21].

Figure 1 explains the pathogenesis of Idiopathic
Pulmonary Fibrosis (IPF). Figure 1a illustrates the
repeated injury process resulting in abnormal repair,
while Figure 1b depicts the accumulation of
myofibroblasts, fibroblasts, and epithelial cells in the
subsequent process.
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Pulmonary fibrosis is the process of fibrotic tissue
forming in the lung parenchyma which can be caused by
various factors. If after carrying out the examination and
the causative factor is not found or is not known for
certain, then the pulmonary fibrosis can be classified as
idiopathic pulmonary fibrosis (IPF). On a CT scan,
lungs with idiopathic fibrosis will show symptoms
similar to usual interstitial pneumonia (UIP), namely the
formation of honeycomb appearance opacities in the
subpleural or basal region, bronchiectasis, and the
formation of fibroblast foci. In general, the pathogenesis
of IPF is caused by repeated alveolar micro injury which
leads to dysfunction of the alveolar epithelium to
regenerate. On the other hand, the presence of this
dysfunction is also caused by several factors such as
telomere shortening, aberrant mitochondrial
bioenergetics, and increased endoplasmic reticulum
stress caused by the unfolded protein response. Some of
these things have the consequence of forming
profibrotic mediators such as increasing the effects of
transforming growth factor-f1 (TGF-B1), platelet-
derived growth factor (PDGF), chemokine ligand 2
(CCL2), and chemokine (C-X-C motif) ligand 12
(CXCL12) [1].

IPF treatments that have been approved by the Food and
Drug Administration are nintedanib and pirfenidone [8].
These two drugs have antifibrotic effects which can
inhibit or reduce the formation of profibrotic cytokines
so that they can reduce the degree of fibrosis activation
and reduce the decrease in FVC in IPF patients [9].
However, both have side effects on the gastrointestinal
system, such as diarrhea, nausea, and vomiting [10].
Therefore, renewable therapies are needed that have
fewer side effects, but are still easily accessible and have
good safety and effectiveness to treat IPF, such as
mesenchymal stem cells (MSC) which have gone
through phase I/lla clinical trials so they are safe for
further research.

3.2. Human Mesenchymal Stem Cell

Human mesenchymal stem cell (hMSC) is a somatic
progenitor cell that has broad immunomodulatory
properties [11]. The use of mesenchymal stem cells has
been proven effective in improving lung function and
increasing the survival phase of chronic inflammatory
lung disease (asthma), chronic obstructive pulmonary
disease (COPD), pulmonary hypertension, and
idiopathic pulmonary fibrosis (IPF) [12]. Studies show
that MSCs have various advantages such as diverse
sources, easy availability, wide proliferative properties,
minimal ethical issues, and low immunogenicity. In
preclinical studies, MSCs show potential as a new
treatment for lung diseases. MSCs contribute to tissue
regeneration and remodeling, reduce chronic airway
inflammation, and restore alveolar fluid balance in acute
lung injury [13]. These properties make MSCs ideal
candidates for tissue engineering, regenerative
medicine, and cell-based therapies for IPF [14].

In the body system, MSCs are located in perivascular
cells in vivo and when local injury occurs, MSCs will be
activated and recruited to the injury site by releasing
bioactive molecules that regulate the local immune
response and form a microenvironment that promotes
regeneration. MSCs work by encouraging epithelial
tissue repair and have strong immunomodulatory
properties which can be observed through direct cell-to-
cell interactions or the secretion of bioactive products in
the form of the secretome. This bioactive product
consists of a series of molecules and extracellular
vesicles that are useful for enhancing tissue repair
effects. Some examples of bioactive products secreted
by MSCs to support their function are VEGF which
plays a role in proliferation and migration of endothelial
cells, acceleration of angiogenesis, increasing fibroblast
migration; PDGF which increases the proliferation,
migration, and invasion ability of fibroblast cells and
endothelial cells; KGF for accelerated proliferation and
migration of keratinocyte cells in wound closure; IL-6
and IL-8 to increase wound angiogenesis and epithelial
regeneration; EGF to increase fibroblast proliferation;
TGFB3 and TGFB1 to promote extracellular matrix
rearrangement, improve wound healing, and reduce scar
formation; HGF for re-epithelialization, epidermal cell
differentiation, fibrosis, and angiogenesis; and bFGF for
fibroblast migration and proliferation [15]. On the other
hand, an in vivo study in male wistar rats reported that
the use of hMSCs was proven to work potently in
reducing levels of TGF-B1, LOX, and TNF-a, as well as
having a prophylactic effect against toxic CCl4 levels
that cause lung fibrosis, collagen deposition, ROS
formation, and cytokine production [16].

3.3. Comparison of Stem Cell Therapy and Antifibrotic
Drugs

A 2019 investigation employing both in vitro and in vivo
methodologies explored the influence of Nintedanib on
pulmonary hypertension (PH). The study aimed to
elucidate the mechanisms of action underlying this
effect. Their findings demonstrated that Nintedanib
improves hemodynamic parameters and attenuates
vascular remodeling, manifested by reductions in
neointimal lesions and medial wall thickening. These
observations suggest Nintedanib possesses anti-vascular
remodeling properties [23].

Nintedanib is a drug that works inside cells and blocks
enzymes involved in cell signaling, including those for
fibroblast growth factor, platelet-derived growth factor,
and vascular endothelial growth factor. Studies in cells
and animals have shown that nintedanib disrupts
scarring processes, such as the growth, movement, and
development of cells that produce scar tissue, and the
production of the material that surrounds cells [22].

Pirfenidone (5-methyl-1-phenyl-2-[1H]-pyridine) exerts
its effects through modulation of tumor necrosis factor
(TNF) and transforming growth factor-B (TGF-B)
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signaling pathways. This results in the inhibition of
fibroblast proliferation and collagen deposition, thereby
accounting for its antifibrotic and anti-inflammatory
properties [23]. The efficacy of these mechanisms has
been confirmed in numerous in vitro and in vivo studies
[24].

Furthermore, pirfenidone has demonstrated a
statistically significant impact on slowing the decline of
forced vital capacity (FVC), exceeding the effectiveness
of other antifibrotic medications [25]. This compelling
evidence led to its approval for the treatment of
idiopathic pulmonary fibrosis (IPF) in Europe (2011)
and the United States (2014) [23].

Based on the results of studies that have been carried
out, a comparison between the results of antifibrotic
drug therapy (nintedanib and pirfenidone) and
administration of mesenchymal stem cells for idiopathic
pulmonary fibrosis (IPF) can be observed through the
results of changes in the patient's forced vital capacity
(FVC%) values. Observations were made by reviewing
the FVC value at week 52 (12th month) after therapy
was given with the following results:

Table 1. Comparison of FVC% Improvement between Anti-fibrotic
Drugs Therapy and Mesenchymal Stem Cell

Therapeutic  Dose  Administr ~ Clinical FVC  Source
Agent ation Trial (%)
Interval Duration
(weeks)
Allogeneic 200 Twice 52 +3.7 [12]
BM-derived X weekly
MSC 106
Pirfenidone  2.40 Once 52 -4.8 [18]
3mg daily
Nintedanib 150 Twice 52 +3.3 [17]
mg daily

Table 1 presents a comparison of the effects of different
therapeutic agents on Forced Vital Capacity (FVC)
improvement in patients with Idiopathic Pulmonary
Fibrosis (IPF). Allogeneic Bone Marrow-derived
Mesenchymal Stem Cells (BM-MSCs), administered at
a dose of 200 million cells twice weekly over 52 weeks,
showed a notable increase in FVC by +3.7% from
baseline [12]. In contrast, patients treated with
pirfenidone, given at 2,403 mg once daily for 52 weeks,
experienced a decline in FVVC by -4.8% [18]. Nintedanib
therapy, administered at 150 mg twice daily over the
same period, resulted in an improvement in FVC by
+3.3% [17]. Based on these results, it can be seen that
apart from being able to improve lung function as
indicated by an increase in FVC from baseline after
therapy, giving mesenchymal stem cells to IPF patients
can provide the highest positive effect when compared
to other therapies through administering the antifibrotic
drugs nintedanib and pirfenidone. These findings
underscore the potential of BM-MSC therapy,

highlighting its superiority in enhancing lung function
compared to conventional antifibrotic medications like
pirfenidone and nintedanib in the context of IPF
treatment.

On the other hand, apart from increasing the FVC value
of the patient, assessment of the improvement in lung
function in patients with IPF who were given
mesenchymal stem cell therapy can also be observed
through the Diffusing Capacity of the Lung for Carbon
Monoxide (DLCO) in units of % and 6-minute walk
distance (6MWNDT) tests in units of meters in %. When
compared with placebo, patients who were given
mesenchymal stem cell (MSC) therapy, especially those
derived from bone marrow, had a slower decrease in
DLCO test values accompanied by an increase in
6MWNDT test values, where the change in DLCO test
values in patients from baseline was only -5.1%
compared to placebo (-12.9%). Meanwhile, the patient's
6MWDT test change value from baseline increased to
+24.2% compared to placebo which decreased to -6.7%
[12].

3.4. Allogeneic BM-derived Stem Cell

Based on the source, MSCs can be divided into MSCs
which are derived from bone marrow, fat tissue
(adipose), dental pulp, menstrual blood, placenta,
amnion, umbilical cord blood, and Wharton's jelly.
Among the various types of MSCs, MSCs isolated from
bone marrow are the MSCs that have the highest
immunomodulatory activity and are most often used to
treat lung diseases. When compared with adipose MSC,
MSCs derived from the bone marrow can suppress CD4
and CD8 expression simultaneously, while MSCs
derived from adipose can only suppress CD4
expression. This makes bone marrow-derived MSCs the
best cell source for immune regulation [1]. In addition
to safety data from preclinical studies, human trials have
also demonstrated the safety and tolerability of IV
allogeneic mesenchymal stem cells. The results of
allogeneic bone marrow-derived MSC trials in
intravenous IPF patients reported that no serious side
effects occurred. On the other hand, at 60 weeks post-
infusion, there was a mean decrease of 3.0% in predicted
FVC and a 5.4% mean decrease in predicted lung
diffusion capacity for carbon monoxide [19]. The side
effects of using bone marrow-derived MSCs for
idiopathic pulmonary fibrosis patients are considered to
be lower. Based on clinical trials that have been carried
out, it can be seen that the side effects that appear after
patients are given MSC infusion are fever and chills with
mild reactions so that there is no need to stop the study.
However, on the other hand, side effects in the form of
ischemic stroke were also found in one of the patients
even though they improved after being given
anticoagulant and vascular therapy [12]. However, there
are still problems encountered in administering MSCs,
especially those derived from bone marrow, such as
small sample size, lack of randomization, lack of a
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placebo group, the absence of determining the optimal
number of infusions and appropriate dosing intervals,
also the possibility of an immune rejection response and
the lack of optimal development of delivery methods
[12],[20].

4, Conclusion

The use of mesenchymal stem cells (MSC), especially
those derived from bone marrow (BM), for idiopathic
pulmonary fibrosis has been proven to have better
therapeutic potential compared to current anti-fibrotic
drugs. This is proven by the latest clinical trials which
show that administered MSCs to idiopathic pulmonary
fibrosis patients can increase FVC values by 3.7%,
higher than nintedanib (3.3%) and pirfenidone (-4.8%)
as first-line anti-fibrotic drugs accompanied by minimal
side effects. However, the use of Allogeneic BM-
derived MSCs as a renewable therapy still has several
shortcomings such as small sample size, lack of
randomization, lack of a placebo group, the absence of
determining the optimal number of infusion and
appropriate dosing intervals, also the possibility of an
immune rejection response and the lack of optimal
development of delivery methods. Therefore, further
clinical research is needed, especially carefully designed
phase 1I/111 clinical study to evaluate the efficacy of
allogeneic BM-derived MSCs as a renewable curative
therapeutic modality in idiopathic pulmonary fibrosis,
including combination studies with anti-fibrotic drugs
so as to increase the life expectancy of patients with
idiopathic pulmonary fibrosis.
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