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Abstract Idiopathic pulmonary fibrosis (IPF) has been
gathering interest in recent years and as such this review will
focus on the potential contributions that age plays on its onset
and prevalence. Environmental stress over time caused by the
inhalation of foreign substances results in subsequent damage
and repair of lung tissue. This damage prematurely causes a
decrease in stem cell differentiation potential. In conjunction
with declining proliferation, the correlation between age and
general attenuation of the immune system allows for the in-
troduction of viral components such as the Epstein—Barr virus
which has been associated with lung injury, a causation which
has not yet been investigated. But, regardless of environ-
mental factors, cellular alterations due to, or in correlation
with, age could result in the onset or prolonging of IPF.
General genetic mutation and epigenetic methylations accu-
mulate over a person’s lifespan while miRNA expression
changes from birth to adulthood. This collection of alterations
over time may cause dysregulation of expressed genetic ma-
terial which can result in many age-related diseases including
pulmonary fibrosis. Such alterations would be prevented by
autophagy or cell-mediated apoptosis, but due to age-related
dysregulations, these systems function at a diminished ca-
pacity. On the cellular level, the end result is an accumulation
of dysfunctional organelles with damaged molecules, such as
reactive oxygen species, and general genetic and epigenetic
alterations resulting in excess generation of fibrous tissue and
overall damage to the pulmonary system.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is an overaccumulation
of fibrous tissue in the pulmonary system with symptoms of
recurring chest pain, coughing, and shortness of breath.
Currently, there is no known cure. Treatments for IPF exist,
but these treatments target symptoms associated with the
disease rather than the underlying cause of the disease [1].
Symptoms begin to appear most commonly in the range of
50-70 years of age and often result in mortality [2]. This
data shows a relationship that associates IPF with age. As
shown through multiple studies illustrating decreased gas
exchange, limited airflow, and overall decreased lung
function in both animal models and humans, the risk of
developing IPF increases with age [3-5]. Aging is a com-
plex physiological phenomena caused by many internal
and external mechanisms that are still being actively in-
vestigated. Although a correlation exists between IPF and
age, the mechanisms which connect the two are still under
investigation (Fig. 1).

External Influences

The relationship of human IPF to age can be largely at-
tributed to the accumulation of environmental factors.
Examples of these factors include fumes from automobile
emissions, occupational dust exposure, and cigarette smoke
[6]. The inhalation of invasive gases causes irritation and
damage to the lungs. This irritation, regardless of magni-
tude, over time causes stress and damage to sensitive lung
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Fig. 1 Age on idiopathic pulmonary fibrosis. The diagram is a visual
representation of the various elements relating the process of aging to
idiopathic pulmonary fibrosis. The arrows denote the downstream

tissue. Due to the foreign stress and unfavorable conditions,
epithelial cells in the pulmonary system are subsequently
destroyed. Due to this damage, epithelial cells are required
to be more active and proliferate more often in order to
replace damaged cells [7]. This not only causes a decrease
in the stem cell differentiation potential, but also rapidly
shortens telomeres and increases the probability of muta-
tions derived from nucleotide mismatch during DNA
replication [8]. Since it has been established that exposure
to invasive gases over time results in widespread damage
of lung tissue, the constant introduction of such gases only
exacerbates the condition. The most significant risk factor
associated with the development of lung disease of any
kind is through inhalation of tobacco smoke [7]. Tobacco
smoke impacts more than just the smoker as exposure to
tobacco smoke in a second-hand manner can also increase
the risk of lung diseases [9]. As indicated in multiple
studies, smoking has demonstrated to have a prominent
positive correlation with pulmonary diseases such as IPF in
mice models and in humans [10-12].

Along with the accumulation of external factors, internal
factors, such as decline in an individual’s immune system,
must also be considered. This decline is due to internal
mechanisms that include T-cell senescence which results in
the body’s immune system being relatively weakened with
age [13]. The product of this weakening is an increased risk
for infections as well as decreased effectiveness of
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effect of aging and its possible potential to affect the condition of the
pulmonary system

vaccination [14]. Weakened immune response has been
connected to the development of IPF as animal studies
have indicated that a specific herpes virus known as Ep-
stein—Barr virus (EBV) may be associated with the dis-
ease’s occurrence [15]. From samples of lung that have
been extracted from patients with IPF, it has been observed
that both EBV proteins and DNA were present [16, 17]. An
example that further strengthens the association between
IPF and viruses is shown in which a patient with EBV and
destabilized lung function was treated with antiviral ther-
apy. This result reveals the rescue of lung functionality and
stabilization [18]. Further experimentation was also per-
formed with wild-type mice using g-herpes virus where
both young and aged mice were exposed to the virus and
pulmonary fibrosis [19]. The results not only reinforced the
correlation between IPF and viruses, but also correlated
IPF with age as the aged wild-type mice experienced more
severe progressive pulmonary fibrosis compared to the
younger mice [4].

Accumulation of Genetic and Epigenetic
Variability

Mutations are a randomly occurring phenomenon that re-
sults in small changes to the genetic code of an organism.
These changes occur gradually and accumulate over the
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span of a person’s life. The accumulation of mutations can
result in a decline in cell function, polypeptide malforma-
tion, or even the generation of malignant cells [20]. For
example, proteins such as pulmonary surfactant-associated
protein C have been shown to be associated with chronic
lung disease and are a key player in alveolar stability [21].
With the accumulation of mutations throughout one’s
lifespan, it is not unlikely that there are alterations in the
genes which encode for this protein. These mutations may
lead to decreases in overall pulmonary stability and,
therefore, are possible mechanisms leading to the onset of
IPF [22].

In conjunction with the increased accumulation of mu-
tations, there is also a progressive decline in DNA repair
with age [23]. Patients suffering from IPF have been re-
ported to have high levels of DNA repair pathway activa-
tion as a compensatory mechanism against mutation and
diminished efficacy of the repair pathways [24]. Hence,
aging increases both the quantity of mutations while si-
multaneously decreasing the body’s ability to repair the
DNA leading to diseases such as IPF.

Direct change to the DNA of an organism is not the only
mechanism capable of altering expression. As shown in
multiple studies, epigenetic alterations, changes that alter
the functionality of a chromosome without changing its
composition, have resulted in a gradual decline in control
over an organism’s lifetime [25]. Over time, cells begin to
decline in functionality due to accumulation of epigenetic
modifications. This slow shift from the cell’s normality to
dysfunctionality also complies with the dysdifferentiation
theory that states that the aging of cells is merely a slow
deviation from normal differentiation [26].

One of these epigenetic factors includes methylations of
DNA that could severely downregulate gene expression.
Methylation of genes refers to the addition of a methyl
group by means of methyltransferase onto a cytosine or
adenine nucleotide, most commonly at a CpG site [27].
This additional methyl group on the base pair has the effect
of silencing that specific region of DNA. Adding to its
severity, this type of alteration, under normal circum-
stances, is unidirectional. A significant exception to this
rule is the removal of methylation through embryologic
replication [28]. This type of epigenetic alteration is found
throughout the human body all throughout development
and adulthood as it allows for the differentiation of stem
cells and prevents the reversion of differentiated cells back
to pluripotent cells. At younger ages, the primary issue is
hypomethylation, or the under-methylation of DNA in
differentiated cells causing DNA instability. As a person
ages, the opposite, hypermethylation, becomes more
prominent. This results in the over-methylation of many
promoter regions in the DNA code which results in the
silencing of an increasing number of genes as a person ages

[6, 29, 30]. Although aging has not been directly linked to
the mechanism of DNA methylation, many investigations
have found correlations between the two [25, 31]. One such
example has been the investigation of increased methyla-
tions in CpGs in cytoplasmic signaling adapter Edar-as-
sociated death domain (EDARADD) which results in
decreased rates of wound healing with greater amounts of
methylation [32]. Currently, there is literature to support
the relationship between promoter-based DNA methylation
and age-related diseases such as myocardial infarction [33].
This opens the possibility that the increased onset of IPF in
aged patients may be partly attributed to hypermethylation
of DNA in mesenchymal stem cells (MSCs) resulting in
decreased gene expression and function in subsequent
daughter cells.

One substantial consequence of alterations to DNA is
the general influence on the production and influence of
miRNA. miRNA are small strands of RNA that do not code
for a protein or polypeptide. Instead, their main purpose is
to regulate RNA that has already been transcribed,
typically mRNA. This is accomplished by means of
miRNA complexing with RNA-induced silencing complex
(RISC) to form a miRISC complex and complementary
base pairing with the target RNA. Depending on the degree
of complementary base pairing, the miRISC complex will,
in the case of complete complementarity, silence the gene
by cleaving the mRNA, thus preventing any further trans-
lation and production of polypeptides/proteins. In the case
of partial complementary base pairing, there will be bind-
ing of the miRISC to mRNA which causes only an initial
inhibition of translation instead of a complete degradation.
This mechanism of regulation is multifaceted as a single
miRNA can regulate a multitude of genes but a single gene
can also be regulated by multiple miRNA [34]. miRNA has
been found to be involved in regulation of protein synthesis
in nearly every system of the body. With this broad spec-
trum of activity, they have become a subject of interest in
terms of comprehension of diseases and potential reme-
diation of ailments [35]. It should also be noted that studies
have also shown a distinct difference in miRNA expression
which shifts from birth to adulthood in mammals.
Specifically, out of 484 examined miRNA, 14 were sig-
nificantly different when comparing the lungs of newborn
mice to those of adult mice [36]. In recent literature, altered
expression of numerous miRNA has been linked to the
progression of IPF. Examples of this include the increased
expression of miRNA-96 and miRNA-21 in patients suf-
fering from IPF [37, 38]. Although findings such as these
support the claim that the influence of miRNA on lung
injury significantly changes over an individual’s lifespan,
the complexity and scale at which miRNA cooperatively
regulates physiology far exceed the current comprehension
and require further investigation.

@ Springer



608

Lung (2015) 193:605-610

Telomeres are non-coding segments of DNA at the end
of chromosomes that protect them from damage. Every
replication of DNA through mitosis or meiosis results in
the decrease of telomere length by a small degree leading
to its associated negative correlation with age. Without
telomeres, the DNA of chromosomes would be exposed to
environmental damage and strain which would result in
greater amounts of mutations in genes that code for
polypeptides and proteins. The importance of telomeres in
proper gene replication and relation to age are such that
treatments have been created in order to artificially increase
the length of telomeres. Of the body’s systems for home-
ostasis which protect against telomere degradation,
telomerase contributes through its enzymatic ability to di-
rectly protect telomeres. However, as a person ages, it has
been found that the activity of telomerase decreases which
increases the rate at which telomeres are damaged [39].
Alveolar epithelial cells, which are necessary for repair
after pulmonary injury, have increased amounts of apop-
tosis markers in relation to shorter telomeres [40]. This
results in the decreased rate of proliferation which is not
able to withstand the demand of injury to the alveolar ep-
ithelial surface [41]. Although the act of aging decreases
telomere length due to repeated replications, this is com-
pounded by external factors such as smoking and inhala-
tion of gases and pollutants [42].

Bone marrow-derived mesenchymal stem cells (B-
MSCs), which have the potential to differentiate into lung
epithelial cells, express indicators that are related to age.
B-MSCs in elderly people have shown slower proliferation,
shortening telomeres, and overall low levels of activity [43,
441]. These cells are typically found in the G, phase in order
to maintain their stability and potential for proliferation.
However, this results in the cells skipping over repair
checkpoints where mutations would otherwise be removed
or returned to normal. Over time, this results in an accu-
mulation of mutations that becomes increasingly harmful
to the B-MSCs and any cells that differentiate from them
[45]. Because of the gradual instability of this stem cell,
any epithelial cells that are derived from it are more prone
to errors resulting in premature cell-mediated death or
genetic instability. This concept was shown in a study in
which the properties of B-MSCs were studied in mice of
varying ages. Because the B-MSCs of older mice failed to
differentiate, the B-MSCs of younger mice were adminis-
tered to the older mice. This reestablished stem cell po-
tency and further reinforces the concept that the ability of
stem cells to proliferate decreases with age [46].

With the progression of many age-related alterations,
genetic and epigenetic changes allow for the distinction
between IPF and other related ailments such as chronic
obstructive pulmonary disease (COPD). For example,
while patients with IPF and COPD share similar external
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exposures and physiological consequences, their epige-
netics are vastly different as IPF and COPD express 71
miRNA in an opposing manner [47]. And, although pre-
vious literature states that there are significant genetic and
epigenetic modifications in IPF, further investigation is
needed to better comprehend the mechanisms underlying
these modifications [48].

Intracellular Cell-Mediated Degradation

Apoptosis is an integral part of recovering from acute lung
injury [19]. Along with being a mechanism for homeostatic
maintenance, the process of apoptosis is necessary in order
to eliminate inflammatory cells at the time of wound heal-
ing. Concurrently, there is increased alveolar space during
IPF due to apoptosis of alveolar epithelial cells [49]. The
rate of apoptosis is greater than the rate of proliferation of
epithelial cells in IPF as studies show that type II epithelial
cells of the elderly are more prone to apoptosis during injury
[4]. This was further investigated to find that Fas pro-
apoptotic pathway, in conjunction with TGF-B over-ex-
pression, led to the apoptosis of lung epithelial cells [50, 51].
TGEF-B, along with effectors of this type of apoptosis, has
been found to increase proportionally with age in areas such
as the skin and the lungs [52].

Autophagy is a necessary form of quality control within
the cell used to prevent prolonged exposure to dysfunctional
organelles. It has been shown that a dysregulation in this
process is of key significance in many pulmonary diseases
such as COPD [53]. Fibrosis, defined as the creation of
excess fibrous connective tissue, has been shown to have a
positive correlation to dysfunctional autophagy mechanisms.
Even with activation of pathways that would illicit an au-
tophagic response under normal conditions, autophagy was
not triggered in pulmonary fibrosis [54]. In relation to age,
lysosomes, which play a vital role in autophagy, become
more stressed and fragile over time with frequent use [55].
In conjunction with decreased stem cell differentiation po-
tential, it results in decline of cell division waste dilution and
the accumulation of reactive oxygen species (ROS) [46].

ROS refer to unstable molecules containing oxygen.
These include free radical oxygen molecules as well as
non-free radical oxygen species such as hydrogen peroxide.
These molecules are utilized throughout normal cellular
function by various organelles such as peroxisomes in
order to degrade macromolecules and defend against for-
eign attacks. These molecules are conventionally kept in
homeostatic balance within the body, but external stimuli
such as hyperthermia and hyperoxia, as well as aging, can
cause their over-generation [56]. And, although they can be
beneficial to cellular health, dysfunctional autophagy of
ROS-generating organelles results in accumulation of ROS
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leading to the damage of macromolecules such as mito-
chondrial DNA causing decreased function. This concept
can be summarized by the oxidative stress theory which
states that throughout a lifespan, the damage caused by
ROS accumulates and inevitably diminishes cellular func-
tionality [57]. This theory holds true in respect to cellular
ROS involvement, but is considered incomplete as there
are many other factors, besides ROS, that play a pivotal
role in the aging process. Nonetheless, the magnitude of
ROS production has been shown to be positively correlated
with age and this increase in concentration affects pul-
monary function [58]. Previous studies have shown that the
relationship between ROS and IPF is one of increased
oxidative stress in both the lungs and systematically with
pulmonary fibrosis [59, 60]. This relationship was further
studied in order to define high levels of ROS as a dis-
tinctive feature of the IPF phenotype [61]. The mechanism
for the elevated levels of ROS can be attributed, in part, to
the elevated expression of NADPH oxidase-4 (Nox4).
Nox4 plays a role in IPF as studies have shown it to be a
ROS producing enzyme, as well as a mediator for apoptosis
resistance [62]. But due to the complexity and scope of
IPF, further investigation on the influence of ROS and the
mechanistic relationship of Nox4 is necessary.

Conclusion

The phenomenon of aging is associated with a large variety
of biological changes. These biological changes include the
accumulation of external factors, the weakening of the im-
mune system, the accumulation of mutational and epigenetic
alterations, the shortening of telomeres, and decreased sta-
bility of progenitor cells. The effects of these changes result
in the dysregulation of cellular processes as well as the
relative inability to properly resolve generated dysregula-
tions. In turn, this results in deficient physical conditions
which result in many age-related diseases including IPF.
Although there have been several experiments comparing
young and aged models and their susceptibility to IPF, the
amount of research in this field has been limited in its ability
to establish any concrete connection into the true causative
factors that result in the generation of IPF. Further investi-
gation into the relationship between aging and IPF is nec-
essary in order to provide more adequate information into
not only the mechanisms underlying IPF and its causes, but
also the mechanisms that result in the physiological process
of aging. With this knowledge, it could be possible to map
out the exact molecular pathways that cause this phe-
nomenon and potentially remedy this debilitating disease.
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