
The influence of nomenclature upon research and clinical care

Background

Idiopathic pulmonary fibrosis (IPF) symptoms 
vary from patient to patient. A proportion of this 
heterogeneity may be attributable to imprecise 
terminology.1 The coalescence of a number of terms 
under the IPF umbrella paved the way for substantial 
inroads into our understanding of idiopathic fibrotic 
lung disease, outlined by the ATS/ERS guidelines 
published in 2002.2 Since then, patients with unique 
clinical courses and prognosis have been identified, 
such as patients with non-specific interstitial 
pneumonia (NSIP), justifying the introduction of 
distinct diagnoses.3 As our appreciation for the 
initiators and mechanisms of lung fibrosis increase, 
it is possible that the taxonomy may be updated. 
However, nomenclature can have far-reaching 
impacts upon research and patient care, and  
thus updates should only be made following  
careful consideration.

Status Quo Versus Novel Nomenclature

In 2018, the European Respiratory Journal published 
a review discussing the impact of IPF nomenclature 
on medicine, and suggested there will be a radical 
reclassification of the disease in the next 10 years.1  
One approach advocates for “splitting” the 
diagnostic criteria: stratifying the current IPF 

patient population into subgroups based upon their  
response to disease-modifying agents. Others propose 
“lumping” IPF with other forms of progressive 
fibrotic lung disease that share biological and clinical 
attributes, namely self-sustaining fibrosis, progressive
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Fig. 1: Classifying progressive fibrosing ILD: Lumping 
versus Splitting. “Lumping” would see diseases 
currently classified as separate diagnoses, combined 
under one overarching taxonomy. “Splitting” would 
stratify patients currently included in the diagnosis 
of IPF based upon yet-to-be determined biomarkers 
that might ultimately serve to refine prognosis and 
tailor treatment approaches. While the latter is the 
more traditional classification, the former represents a 
pragmatic approach, facilitating healthcare access for 
non-IPF patients who may otherwise be overlooked.
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decline in lung function, and premature mortality. In 
this review, the authors present arguments made by 
both sides as to what nomenclature best captures  
the current understanding of this disease.

Precision medicine will likely pave the way for 
“splitting” the IPF diagnosis into subgroups. The 
successful application of precision medicine in severe 
eosinophilic asthma5 and cystic fibrosis1 are examples 
of diseases with specific subgroups that may pave 
the way for refined classification. Precision medicine 
relies upon the identification of accessible biomarkers 
that can predict aspects of disease management 
or progression. These indicators can be genetic 
or molecular, and can be drawn from genomic, 
transcriptomic, metabolomic, proteomic and 
microbiome data. However, complexity arises from 
the very nature of fibrosis, a tissue repair response 
that becomes pathological.7 While fibrosis may be 
useful for the identification of disease endotypes, the 
link between these endotypes and long-term clinical 
outcomes remains to be established. “Splitting” 
subgroups is reliant upon being able to make the leap 
between endotype and phenotype, and until such 
time as these relationships have been established, 
“splitting” may be premature. Moreover, delineating 
patient subgroups may further complicate recruitment 
of adequate patient sizes for clinical trials, potentially 
hampering progress.1 Many fibrotic interstitial 

lung diseases show broadly similar pathology and 
disease progression, and there is some evidence 
that common mechanisms underlie the fibrosis in IPF 
and non-IPF fibrotic lung diseases. Critically, the less 
common diseases do not receive comparable levels 
of attention, resulting in less well-defined treatment 
approaches. “Lumping” fibrotic lung disease may 
facilitate access to therapeutics for these patients.1

The authors also present a counterargument to 
the recent suggestion that the term IPF should be 
replaced,4 highlighting the challenges that emerge 
with such a dramatic change and reasoning that 
these would not be outweighed by any significant 
benefit to research or clinical practice.

What It Means

While the authors acknowledge the value of healthy 
debate around the benefits and drawbacks of the 
two approaches, they support unifying interstitial lung 
diseases with a progressive fibrotic phenotype and 
provide the rationale for that position. Regardless, 
they caution against premature adoption of any novel 
nomenclature. In particular, advocating for retaining 
not only the fibrotic term but also idiopathic, given  
the poor prognosis of those diagnosed with “fibrosis” 
and the incomplete understanding etiological 
complexity of “idiopathic.”



Genetic markers of interstitial lung disease 

Background

“Interstitial lung disease” describes a heterogeneous 
disease state varying in etiology, pathophysiological 
features, course of disease, and treatment response. 
While significant advancements have been made, 
there remains a lack of clarity around the factors 
that predispose an individual to developing ILD and 
the likelihood of a positive response to available 
treatment options. An important area of research 
focuses upon improving our understanding of the 
genetic basis of disease, with the ultimate goal of 
improving patient prognosis and clinical decision 
making. Recent advances in genomic technology 
provide a valuable opportunity for achieving  
progress on this front.

Emerging Genetic Signatures of ILDs

Idiopathic pulmonary fibrosis (IPF) and chronic 
hypersensitivity pneumonitis (CHP) are two of the 
most commonly diagnosed ILDs.1 While the etiology 
of IPF is largely unknown, and CHP is triggered by 
environmental stimuli, there is some overlap in the 
genetic fingerprints of the diseases.1

Genome-wide association studies (GWAS) have 
implicated single nucleotide polymorphisms  
(SNPs) in mucin 5B (MUC5B) in both susceptibility  
to and prognosis for IPF,2-4 as well as CHP. 5
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Mucin 5B (MUC5B) is a cytoplasmic 
protein that contributes to the 
lubrication and viscoelastic properties 
of lung mucus.6 Expression of 
MUCB5 can be regulated by cigarette 
smoking, oxidative stress, and 
interleukin signaling, among others.6

A SNP in the promoter region 
confers risk of developing IPF.2,6 
Accordingly, high expression is 
observed in honeycomb cysts, 
distal airways, and bronchioles.7 
TOLLIP also appears to play a role in 
susceptibility and prognosis for IPF,6 
but is not involved in CHP.1

TOLLIP encodes a ubiquitin binding 
protein that regulates signaling 
pathways of multiple Toll-like 
receptors, innate immune responses, 
and TGF-beta signaling.6,8-11 SNPs in 
TOLLIP are associated with IPF,  
two of which increase risk and the 
other of which is protective.4,6

Associated with risk of IPF Protective
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While telomere-related genes have been identified, 
their role in IPF has not been established; however, 
short telomeres (age-adjusted) are associated with 
development of IPF and CHP, and poorer prognosis 
following diagnosis.1 [Fig. 2]

Transcriptome analyses of lung tissue and peripheral 
blood from patients with IPF reveal upregulation of 
genes in pathways involved in tissue remodeling, 

apoptosis, and fibroblast signaling. A transcriptomic 
fingerprint of 52 differentially expressed genes— 
many of which are involved in immunologic pathways,  
have also been shown to be able to distinguish 
between IPF patients with low or high mortality,  
while CHP was largely associated with upregulation  
of immunologic pathways.12,1

Fig. 2: Composite endpoint-free survival between N-acetylcysteine (NAC) and placebo groups after stratification  
by rs3750920 (TOLLIP) genotype. In those with a CC genotype (A), NAC therapy is associated with worse survival 
than placebo [Plogrank = 0.01; hazard ratio (HR), 3.23; 95% confidence interval (CI), 0.79–13.16; P = 0.10]. In those 
with a CT genotype (B), survival is similar between groups (Plogrank = 0.82; HR 0.76; 95% CI 0.27–2.19; P = 0.62). 
In those with a TT genotype (C), NAC therapy is associated with improved survival compared with placebo 
(Plogrank = 0.06; HR 0.14; 95% CI 0.02–0.83; P = 0.03). Multivariable Cox regression models adjusted for age, sex, 
forced vital capacity (percentage predicted), and diffusion capacity of the lung for carbon monoxide (percentage 
predicted) at time of study enrollment. Copyright © 2020 American Thoracic Society. All rights reserved. Oldham  
JM et al. 2015. TOLLIP, MUC5B, and the Response to N-Acetylcysteine among Individuals with Idiopathic pulmonary 
Fibrosis. Am J Respir Crit Care Med. 192(12):1475-1482. The American Journal of Respiratory and Critical Care 
Medicine is an official journal of the American Thoracic Society.
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What It Means

The identification of transcriptome signatures 
predictive of prognosis offers meaningful insight into 
our understanding of IPF and other lung diseases. 
Developing the relationship between these genes 
and treatment response is an important next step.1 
In parallel, identification of additional signatures that 
categorize subpopulations of patients or alternate 
endpoints will facilitate personalized medicine.1  

Many of the factors implicated in disease 
susceptibility that have been identified to date 
also appear to regulate disease progression. This 
is discordant with the substantial heterogeneity in 
disease presentation, suggesting a need for studies 
powered specifically to detect variability within the 
patient populations.

Fig. 3: The distribution of differentially expressed genes among functional categories. (A) Genes that had locus-link 
information and were significantly increased in IPF compared with HP. (B) Genes that were increased in HP compared 
with IPF. Note the large percentage of genes that belong to the distinct functional annotations. All enrichments 
are statistically significant (Fisher’s exact score P value <0.05).13 Copyright © 2020 American Thoracic Society. 
All rights reserved. Selman M, et al. 2015. Gene expression profiles distinguish idiopathic pulmonary fibrosis from 
hypersensitivity pneumonitis. Am J Respir Crit Care Med. 2006. 173(2):188-198. The American Journal of Respiratory 
and Critical Care Medicine is an official journal of the American Thoracic Society.

epidermal differentiation
ectoderm development

collagen
metalloendopeptidase activity

cell growth
protein amino acid dephosphorylation

metallopeptidase activity
cell differentiation

extracellular matrix
regulation of biological process

proteolysis and peptidolysis
metal ion binding

extracellular
development

protein binding

T-cell activation
GTP binding

lymphocyte activation
regulation of cell proliferation
response to abiotic stimulus

response to pest/pathogen/parasite
transmembrane receptor activity

response to sress
surface receptor linked signal transduction

receptor activity
immune response

signal transducer activity
defense response

response to external stimulus
cell communication

Genes Belonging to Functional Group (%)

A

0 5 10 15 20 25

0 10 20 30 40

B

Genes Belonging to Functional Group (%)



6 News and Views

Molecular endophenotypes of interstitial lung disease 

Background

As our understanding of the molecular mechanisms 
that underlie ILD pathogenesis continues to 
evolve, it is clear that IPF can arise from diverse 
pathophysiological mechanisms, with progressive 
fibrosis as the endpoint. Identifying biomarkers 
for subsets of disease and understanding their 
relationship to etiology and treatment response has  
the potential to greatly improve patient management 
and clinical outcomes. 

What Was Done

It has been argued that there needs to be increased 
emphasis on research efforts into mapping the 
pathogenesis and defining endotypes, in order to 
stratify patients into groups that can be easily identified 
by genetic and molecular biomarkers. IPF precipitating 
factors can be grouped into four categories: genetic, 
molecular, environmental, and behavioral. The 
compendium of prospective molecular biomarkers  
can be classified according to pathways known to  
be disrupted in IPF: 
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(1) Dysfunctional alveolar 

epithelial repair and cellular 

senescence: Fibrogenesis 

may arise from injury to the 

alveolar epithelium, activating 

pro-fibrotic pathways, including 

apoptosis and cellular 

senescence, that somehow 

escape normal homeostatic 

mechanisms. Signaling 

components implicated in 

these processes include short, 

noncoding miRNA.

Levels of miRNA-101 have 

been correlated with clinical 

and radiological features of IPF, 

supporting their potential as a 

biomarker33, TGF-ß, reactive 

oxygen species, genes coding 

for surfactant proteins, telomere 

length, mucins,  

and integrins.

miRNAs are measurable in serum 
and can be influenced by genetic, 
environmental, and behavioral 
factors. They have been 
implicated in fibrogenesis,  
cellular senescence, protein 
expression, and the cell cycle 
(miR-34, miR-200, miR-29,  
miR-21, miR-26, miR-326, and  
miR-485).1,2,3,33

Reactive oxygen species (ROS) 
are environmentally regulated 
mediators that play a role in 
oxidative stress, which is involved 
in fibrosis. While a direct link 
between ROS and IPF has not yet 
been established, ROS are linked 
to TGF-ß and miRNA, both of 
which have been implicated.1,6

Surfactant proteins have been 
associated with IPF pathogenesis 
and play a role in innate immunity; 
however, they are unlikely to be of 
use in distinguishing between ILD 
subtypes.1,7

Telomere length has been 
associated with behavioral factors 
linked to IPF, and mutations 
in telomerase associated with 
shorter telomeres have been  
observed in 15%-20% of  
families with IPF.1,8,9

Transforming growth factor-
beta (TGF-ß) can regulate 
microRNA(miRNA) increasing  
pro-fibrotic pathways and 
decreasing antifibrotic miRNAs.5,1

One of the better studied genes  
in IPF, mucin 5B (MUC5B),  
is regulated by cigarette 
smoking and oxidative stress,1,10 
and is highly expressed in 
honeycombing cysts, distal 
airways and respiratory 
bronchioles.11 Mucin 1 has also 
been implicated and may be 
a useful biomarker for clinical 
diagnosis.12

The integrin family are 
transmembrane receptors that 
have been implicated in  
activation of TGF-ß and collagen 
production via fibroblast 
activation.13



(2) Extracellular matrix (ECM) 

remodeling and fibroproliferation: 

Aberrant ECM remodeling results 

in disrupted lung architecture 

in IPF. Several pathways and 

proteins contribute to this 

endpoint including: matrix 

metalloproteinases (MMPs), 

periostin, lysyl oxidases, fibroblast 

progenitors, lysophosphatidic 

acids, connective tissue growth 

factor (CTGF), fibulin-1, and 

osteopontin.
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Lysyl oxidases regulate 
collagen crosslinking, a process 
critical to ECM deposition20,21; 
LOXL2 is elevated in IPF lung 
biopsies, and serum levels have 
been associated with disease 
progression.20,21

Fibrocytes are elevated in IPF 
and may have some prognostic 
value, correlating with pulmonary 
function tests and disease 
activity.22,23

Lysophosphatidic acids (LPAs) 
are involved in wound repair and 
vascular permeability and have 
been implicated; increased levels 
of LPAs have been identified in 
BAL from IPF patients.24

Another protein elevated in IPF 
BAL is connective tissue growth 
factor (CTGF), a matricellular 
protein that plays a role in 
adhesion, migration, proliferation, 
and angiogenesis.25,32

Fibulin-1 has an established role 
in chronic asthma, and preliminary 
evidence shows increased levels 
in patients with IPF, correlating 
with lung function.26

Osteopontin demonstrates 
elevated expression in BAL  
taken from the lungs of patients 
with IPF.27

MMPs are involved in the 
degradation of ECM components, 
are upregulated during wound 
repair, and have been implicated 
in IPF.14 Genes encoding 
MMP1-9 are overexpressed in 
bronchoalveolar lavage (BAL) 
and peripheral blood of IPF 
patients and may be predictive of 
progression.15,16

Periostin—a secreted protein 
that drives ECM adhesion and 
migration of epithelial cells– is  
also increased in IPF, and 
has been proposed to have 
prognostic value17,18
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3) Immune dysregulation and inflammation: Genes 
involved in innate immunity, adaptive immunity, and 
autoimmunity have also been implicated, despite the 
absence of benefit provided by therapies targeting 
these pathways. The most notable of these is  
TOLLIP.28 The degree of T-cell infiltration (specifically 
CD8+) and density around fibrotic foci, B cell  
levels, and macrophage activation have also been 
associated with prognosis.29,30

Emerging therapeutic approaches currently under 
investigation may benefit from targeted application, 
thereby matching the treatment to the underlying 
dysfunction in order to achieve optimal outcomes.

Beyond these molecular determinants, environmental 
and behavioral variables associated with IPF 

pathogenesis (eg. cigarette smoking, chronic 
microaspiration secondary to gastroesophageal reflux, 
air pollution, diet, physical exercise, professional 
exposures, and infections) drive epigenetic changes 
including DNA methylation, histone modification, and 
miRNA expression that may also serve as biomarkers 
for disease1,31. Micro-RNAs (miRNAs) can be detected  
in serum, making them very accessible biomarkers, 
and many have been implicated in processes 
disrupted in IPF, including senescence2, fibroblast 
proliferation and migration2, and cell cycle regulation 
and protein expression. TGF-ß is known to upregulate 
pro-fibrotic miRNA and downregulate anti-fibrotic 
miRNA. Reactive oxygen species regulate TGF-ß 
activation, which in turn is involved in many processes 
underlying lung fibrosis.
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Etiology details that drive clinical decision making

Background

Precision medicine aims to incorporate the 
individual’s genetic, molecular and environmental 
fingerprint to personalize a treatment strategy 
for maximum effectiveness.1 The IPF diagnosis 
comprises heterogeneous subpopulations—
endotypes—that may be delineated by biomarker 
signatures.2-4 Applying precision medicine to  
these endotypes has the potential to assist in  
clinical decision making and improve outcomes,  
as has been achieved with lung cancer and asthma.

In such cases, genetic and molecular biomarker 
candidates have been reviewed. The influence of 
environmental and behavioral factors is less well 
studied, in part owing to the difficulty of controlling 
environmental factors in human populations. 
Cigarette smoking is a well-established risk for IPF, 
with diet and exercise also hypothesized to influence 
outcomes. As interest in the microbiome has 
blossomed, so too has our knowledge of interactions 
between lung bacteria and the innate immune  
system in IPF.5-9

IPF Endotypes

Research exploring endotypes is accruing, with 
the caveat that the data are preliminary and should 
largely serve to bolster rationale for further study.  
A trial evaluating N-acetylcysteine in IPF patients 
was found to be efficacious if they were of the TT 
genotype for TOLLIP.11. Studies exploring the lung 
microbiome have shown that BAL from patients 
with IPF possess a higher bacterial load with 

lower diversity. Moreover, those patients with the 
highest bacterial burden showed the worst survival. 
In particular, streptococcus and staphylococcus 
species have been associated with disease 
progression in IPF.9-10

Conclusion

The authors emphasize the foundational importance 
of effective patient-clinician communication and  
the engagement of a patient-centered approach. 
They also advise caution as currently only the  
TOLLIP TT genotype has any support for a 
personalized medicine approach and the research 
requires replication. Increasing knowledge around 
the heterogeneous disease pathways raises the 
possibility that performing trials only within the 
appropriate patient subgroups might be more fruitful. 
In particular, trials with nonsignificant treatment 
response may benefit from patient stratification 
approaches. Thus, while the data for the benefits of 
precision medicine are currently lacking, the possible 
benefits that such tools would provide may be 
sufficient to justify conducting further clinical trials.
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Which ILD  
do they  
live with?  

Case 2: 67-year-old male, 
presents with 2-3 years history of 
cough and progressive dyspnea

Case 4: 72-year-old male, history 
of diabetes, recently developed  
cough, ex-smoker, 25 pack years

Case 1: 52-year-old male,  
1 month history of dyspnea, 
referred from PCP who ordered 
chest x-ray, x-ray normal

Case 3: 40-year-old female, 
referred to lung disease clinic  
after reporting shortness  
of breath


