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Abstract: Idiopathic pulmonary fibrosis (IPF) is a progressive, irreversible disease of the lung 

that has no lasting option for therapy other than transplantation. It is characterized by replace-

ment of the normal lung tissue by fibrotic scarring, honeycombing, and increased levels of 

myofibroblasts. The underlying causes of IPF are still largely unknown. The focus of the current 

review is the possible use of stem cell therapy, specifically mesenchymal stem cells (MSCs), 

a multipotent stromal cell population, which have demonstrated promising data in multiple 

animal models of pulmonary fibrosis (PF). The most studied source of MSCs is the bone mar-

row, although they can be found also in the adipose tissue and umbilical cord, as well as in 

the placenta. MSCs have immunomodulatory and tissue-protective properties that allow them 

to manipulate the local environment of the injured tissue, ameliorating the inflammation and 

promoting repair. Because IPF primarily affects older patients, the issue of aging is intrinsically 

linked to many aspects of the disease, including the age of the stem cells. Animal models have 

shown the success of MSC therapy in mitigating the fibrotic effects of bleomycin-induced PF. 

However, bleomycin, the most commonly used model for PF, is imperfect in mimicking IPF as it 

presents in humans, as the duration of the illness is not parallel or reversible, and honeycombing 

is not produced. Furthermore, the time of MSC dosage has proven to be critical in determining 

whether the cells will ultimately have a positive or negative effect on disease progression, since 

it has been demonstrated that the maximal beneficial effect of MSCs occurs during the early 

inflammatory phase of the disease and that there is no or negative effect during the late fibrotic 

phase. Therefore, all the current clinical trials of MSCs and IPF, though promising, should 

proceed with caution as we move toward true stem cell therapy for this disease.

Keywords: aging, cell therapy, idiopathic pulmonary fibrosis, lung disease, lung fibrosis, 

mesenchymal stem cells

Introduction
Idiopathic pulmonary fibrosis (IPF) is a lung-restricted disease characterized by a 

chronic, progressive, and irreversible course, and is the most common of the interstitial 

lung diseases. The mean survival time of the disease is about 3 years after diagnosis, 

and to date the only definitive treatment is lung transplantation.1 However, multiple 

new therapies are under investigation, including the use of stem cells.2

Mesenchymal stem cells (MSCs) have been defined as multipotent cells with the 

potential of transdifferentiation in vitro, clonality, and self-renewal, with actions that 

include immunomodulation, epithelial repair, bactericidal activity, and mitochondrial 

transfer, as well as secretion of growth factors and microvesicles.1,3

Animal models have demonstrated the positive effects of MSCs in ameliorating 

inflammation and moderating the remodeling of the fibrotic lung, but only when 
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they are administered during the early phase of bleomycin-

induced lung injury.4 However, because bleomycin is not 

a perfect model in mimicking IPF, as well as the lack of a 

complete knowledge of the pathogenesis of IPF, the use of 

MSCs remains controversial and under study.5 In this review, 

we discuss different considerations regarding MSCs in the 

treatment of IPF.

Characterization of IPF
IPF is the most common form of interstitial lung disease, 

representing 45% of the total.1,6,7 The prevalence of IPF 

in the US is estimated to be between 20 and 60 cases 

per 100,000 inhabitants.8 It is calculated that around 

14,000–34,000 are new patients each year.9 This disease 

preferentially affects adults older than 60 years, and its pre-

sentation has been shown to be greater in men compared to 

women (ratio 1.5:1).8,10,11 A diagnosis of IPF begins with a 

restrictive lung pattern, and includes radiological studies and 

histopathology showing a typical pattern of usual interstitial 

pneumonia with honeycombing and areas of fibrosis interca-

lated with normal parenchyma with basal predominance.8

Genetic susceptibility has been studied, where the 

MUC5B allele, which encodes for a macromolecule funda-

mental in mucociliary clearance, has been associated with 

IPF and has raised interest in the possible role of MUC5B 

as a biomarker for risk for the disease. The mechanisms 

by which MUC5B plays a role in IPF are not completely 

understood, but seem to involve the alteration of mucosal host 

defense and local cytokine production, leading to a decrease 

in the ability of lung cells to respond to injury.6,12 However, 

the MUC5B variant is absent in about 40% of IPF cases, 

meaning that it is only one of many factors that contribute 

to disease risk.10,12,13 Furthermore, polymorphisms in genes 

regulating the telomere length have also been implicated in 

the disease.14

Two theories have driven the possible pathogenesis of 

IPF, epithelial injury, and inflammation. The epithelial theory 

suggests that the disease is a result of multiple injuries that 

result in the combination of loss of epithelial integrity with 

various epigenetic changes, promoting an aberrant reaction 

of the alveolar epithelial cells to the epithelium.15–17 The 

abnormal reepithelialization promotes the deposition of 

myofibroblasts and fibroblasts, which are the major effector 

cells in remodeling,9 increasing the synthesis of such extra-

cellular matrix proteins as collagen,15,17 further contributing 

to the loss of function that is characterized by low compli-

ance and scarring of the lung parenchyma.18,19 Additionally, 

matrix metalloproteinases (MMPs), such as MMP1, MMP2, 

MMP3, MMP7, MMP8, and MMP9, have been implicated 

in IPF.13,18,20

However, although the epithelium is believed to be key 

in the pathogenesis of IPF, inflammation also plays a critical 

role in the disease. Several cytokines, such as IL-4, IL-5, 

IL-13, IL-18, and MIP-1α, have been found higher in cel-

lular cultures and bronchoalveolar lavage of IPF patients 

compared to normal individuals. The recruitment to the lung 

of neutrophils and macrophages among other inflammatory 

cells contributes to the activation of profibrotic proteins, such 

as TGFβ and CTGF, together contributing in the release of 

collagen from tissue fibroblasts.14 All these factors suggest 

that the epithelial and inflammatory theories work together in 

explaining the disease and perpetuating the fibrotic process. 

However, there is still a lack of complete understanding of 

the pathogenesis of IPF, although repetitive alveolar epithelial 

cell injury seems to be essential.19

In the specific case of IPF, in a series of preclinical stud-

ies, we and others used bleomycin-induced lung fibrosis as 

a model to evaluate the ability of stem cells (SCs) to prevent 

the development of pulmonary fibrosis (PF) by decreasing the 

collagen content, thus reducing the severity of the injury.21 

Additionally, we demonstrated that mice in which bleomycin 

was administered presented an increase in proinflammatory 

cytokines, such as IFNγ, IL-2, IL-1β and IL-4, and low levels 

of GM-CSF. Once MSCs were administered, the levels of 

cytokines returned to normal values and circulating levels of 

GM-CSF were significantly elevated. Increased levels of GM-

CSF have been related with the mobilization and recruitment 

of endogenous SCs.21 However, the possible effects on the 

total reparative process are still not totally understood.1,22

Aging and stem cell exhaustion in 
IPF
Normal aging has been related to cellular apoptosis, shorten-

ing of telomeres, and oxidative stress (Figure 1).16,23 Some of 

those cellular changes have also been found in IPF patients, 

prompting a connection being drawn between IPF and dis-

eases of premature aging. This theory has been supported by 

several investigations of IPF patients that have found muta-

tions affecting telomerase activity.6,12 Moreover, the presence 

of an abnormal shortening of telomeres also leads to impaired 

autophagy, apoptosis, and accumulation of senescent cells, 

and may contribute to fibrosis.6,9,23

We compared the response to bleomycin-induced lung 

injury in young versus old mice, and found that after bleomy-

cin administration in old mice, there was more severe lung 

fibrosis that was associated with an increase in local TGFβ.7 
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We compared the response to bleomycin between old and 

young mice at day 7 and day 14 after lung injury, where an 

increase in vulnerability to injury and a decrease in protec-

tor mechanisms and repair ability in elderly mice were 

observed.16,24 These studies demonstrate the better ability of 

young mice in responding to the fibrotic process.

Not much is known about the consequences of age on 

MSC activity. However, its behavior has several age-related 

variations. MSCs from old mice proliferate more slowly 

in vitro, and fail to protect in lipopolysaccharide-induced 

acute respiratory distress-syndrome models.1,24–26

In addition, persistent SC activation and proliferation 

has a negative effect of decrease in telomere length, lead-

ing to cell exhaustion and contributing to an accelerated 

decline in cellular functions and premature senescence.27 

What exactly causes the continuous SC activation is still 

unknown. However, some chronic insults have been proposed 

as triggers, in which silent chronic viral infections, toxic sub-

stances, gastroesophageal reflux (leading to microaspiration), 

and telomere dysfunction or genetic abnormalities are 

included.8,16,23,28

In one study, we compared the effect of a single dose of 

intratracheal bleomycin in a murine model of accelerated 

aging on 6-month-old senescence-accelerated-prone mice 

(SAMP) and SA-resistant mice (SAMR) with 12 month-old 

mice. Fourteen days after the insult, we observed a decrease 

in lung-repair ability in SAMP after bleomycin-induced lung 

injury, resulting in an increase in lung fibrosis when com-

pared to SAMR. In SAMP, these changes were associated 

with higher levels of TGFβ in the lung, a higher number of 

fibroblast progenitor cells (or fibrocytes) in circulation, and 

a decrease in the ability of MSCs to respond to the soluble 

signals of injury.29 Published data by our group suggest that 

the decrease in the ability of MSCs to respond to injury is 

associated with a reduction in the expression of TNFα and 

IFNγ receptors required for MSC activation.

Approach to treatment options  
for IPF and the role of MSCs
Because of the devastating course of the disease, and the 

lack of a definitive therapy for IPF other than transplanta-

tion, there is a continuous need to find new options for IPF 

treatment. Although the management of comorbid condi-

tions, such as obesity, gastroesophageal reflux, obstructive 

apnea, pulmonary hypertension, and emphysema, may help 

to improve symptoms and quality of life of these patients, 

there is no evidence of a related minimizing f ibrotic 

process on IPF.15

Aged mesenchymal stem cells

Telomeres shorten
and DNA damage
accumulates

Stem cell exhaustion
after repeated stem
cell activation

Changes in
extracellular matrix
composition

Decreased gas-
diffusion capacities

Lower expression of Thy-1,
which regulates TGFβ1

Accumulation of
senescent cells
Increased levels of
circulating fibrocytes

Type II alveolar epithelial
cells become impaired
because of telomerase
degradation

Slower in vitro
proliferation

Pathways linked to
higher risk of IPF

Oxidative stress
increases, more
production of
reactive oxygen
species

lungsAged

Figure 1 effects of aging on mesenchymal stem cells and the lungs.
Abbreviations: DNA, deoxyribonucleic acid; IPF, idiopathic pulmonary fibrosis.
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Some pharmacological therapies (corticosteroids, 

azathioprine, N-acetylcysteine, and etanercept, among others)15 

have also been explored, without a clear benefit. Therefore, 

cellular therapies have emerged as a promising option, and 

the use of MSCs is consistently being studied.1,30

The properties that make MSCs a promising therapy in 

this pathology are several, in which the secretion of such 

growth factors as KGF, HGF, VEGF, and Ang-1 play an 

important role in the repair of the alveolar epithelium and 

endothelium.1,30,31 Additionally, through nitric oxide and 

indoleamine 2,3-dioxygenase, MSCs suppress T-cell prolif-

eration to avoid cytotoxic T cells and natural killer cells.30 

Furthermore, their capability of restoration of the injured 

tissue has been demonstrated through mitochondrial transfer, 

which has been crucial, due to the existent knowledge that 

mitochondrial dysfunction is linked to cellular senescence 

and inability to protect the lung from injury.32

MSCs also induce an anti-inflammatory response by 

increasing IL-10 and soluble IL-1β receptor, which results in 

a decrease in the levels of TNFα, IFNγ and IL-2.1 MSCs are 

immunoprivileged, escaping the immune response through 

the lack of expression of HLA class II and weak expres-

sion of HLA class I, which do not induce proliferation and 

activation of T lymphocytes, making them also ideal in the 

setting of therapy, because these cells can be administered 

to an immunocompetent patient without the need for further 

immunosuppression.3

As we mentioned before, it has been demonstrated 

through animal models that MSCs have a beneficial effect 

on PF if they are administered early in the disease course 

and not when the fibrotic changes already exist. This may 

be explained by the ability of MSCs to secrete TGFβ to 

modulate immune responses, which helps to ameliorate 

inflammation. However, at the same time, MSCs can act as 

a target for TGFβ, which results in an increase in collagen 

expression and deposition. Furthermore, other research has 

demonstrated that clonally derived GFP-MSCs administered 

to mice during the fibrotic phase of radiation-induced lung 

injury coexpressed vimentin, which is a marker of fibroblasts, 

implying a transdifferentiation into a fibroblast phenotype 

and promoting the fibrosis.25

Because of these concerns, there is a need to continue 

focusing on the evaluation of the safety profile and benefi-

cial outcomes of MSCs in IPF patients to clarify any doubts 

and provide a better understanding of possible treatment 

options. As of June 2014, there were three ongoing clinical 

trials on clinicaltrials.gov trying to evaluate the safety of 

MSC therapy in IPF.

In Australia, Prince Charles Hospital conducted a study 

using placental-derived MSCs.33 The preliminary data sup-

port a good safety profile and a marginal improvement in 

walking abilities and forced vital capacity after 6 months 

of follow-up. Another clinical trial is in the recruitment 

phase at the University of Navarra, where researchers plan 

to test the endobronchial infusion of bone marrow-derived 

autologous SCs. Finally, in the Interdisciplinary Stem Cell 

Institute of University of Miami, the “AETHER” study is 

currently recruiting, and will evaluate the safety and effects 

on lung function with intravenous delivery of allogeneic 

human MSCs.28

Conclusion
IPF is a devastating disease with a poor prognosis, and 

although many strategies have been developed to clarify its 

pathologic progression and mechanisms, there is still a lack 

of complete knowledge on the details of the disease.

MSCs are a promising option in regenerative medicine 

for their ability to be isolated and expanded in culture, and 

are thus crucial to study for a better understanding of their 

properties and probable uses. A large risk lies in determining 

the appropriate time to deliver the dosage of MSCs, as the 

cells can in fact exacerbate the fibrotic process in IPF.

A promising observation in clinical trials is the good 

safety profile using MSCs, which is an essential aspect 

that supports the use of MSCs in IPF. However, the weak 

preclinical data that support the use of MSCs in IPF creates 

the need for caution in future investigations that concern 

appropriate timing to use MSCs, the ideal dosage, and route 

of administration.

Finally, it is important to continue enhancing the basic 

knowledge of the disease, due to the increased need to under-

stand the exact pathogenesis in humans suffering from IPF. 

In our opinion, an important weakness in the study of IPF 

is the lack of knowledge of lung aging, which is a main risk 

factor in IPF. Until now, most of the mouse models have 

included young animals (less than 3 months), and it is clear 

that in humans IPF is a pathology of the elderly, and as the 

association between aging, IPF, and SCs is well developed, 

this variable must be taken into account in evaluating pre-

clinical results and in translation to human applications.
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