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a b s t r a c t

Discoveries from basic science research in the last decade have brought significant progress in knowl-
edge of pathophysiologic processes of allergic diseases, with a compelling impact on understanding of
the natural history, risk prediction, treatment selection or mechanism-specific prevention strategies. The
view of the pathophysiology of allergic diseases developed from a mechanistic approach, with a focus on
symptoms and organ function, to the recognition of a complex network of immunological pathways.
Several subtypes of inflammation and complex immune-regulatory networks and the reasons for their
failure are now described, that open the way for the development of new diagnostic tools and innovative
targeted-treatments. An endotype is a subtype of a disease condition, which is defined by a distinct
pathophysiological mechanism, whereas a disease phenotype defines any observable characteristic of a
disease without any implication of a mechanism. Another key word linked to disease endotyping is
biomarker that is measured and evaluated to examine any biological or pathogenic processes, including
response to a therapeutic intervention. These three keywords will be discussed more and more in the
future with the upcoming efforts to revolutionize patient care in the direction of precision medicine and
precision health. The understanding of disease endotypes based on pathophysiological principles and
their validation across clinically meaningful outcomes in asthma, allergic rhinitis, chronic rhinosinusitis,
atopic dermatitis and food allergy will be crucial for the success of precision medicine as a new approach
to patient management.
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The concept of endotypes, phenotypes, biomarkers and
precision medicine

The three key words endotype, phenotype and biomarker will
be one of the main topics of research on the way of building blocks
of precision medicine and precision health.1e3 The word “endo-
type” uncovers molecular mechanisms underlying observable dis-
ease characteristics known as “phenotype”.4,5 Assigning unique
mechanisms and biomarkers for each endotype is crucial for the
validity of the endotype.5,6 So far only few (if any) valid endotypes
have been identified in allergic disease, all with therapeutic im-
plications. To further elaborate on the definition of an endotype one
must recognize that one major pathogenic pathway such as type 2
immune response is highly complex, including several de-
terminants with nonlinear dynamic interactions (Fig. 1) and het-
erogeneous, since not all determinants are present in all patients or,
in a given patient, at all time points.6,7 We therefore must embrace
the concept of a “complex endotype” consisting of several sub-
endotypes as opposed to an endotype that encompasses a single
molecular mechanism.7

Epigenetics and endotypes of allergy and asthma

Epigenetic programming during early life influences is crucial
for the development of the endotypes of allergic diseases. Increased
knowledge on developmental endotypes addressing disease
inception and progression are needed for the outset of early pre-
vention and disease modifying strategies. Crucial determining
factors for complex immune regulation and barrier function
include respiratory infections, microbiome, and nutrition. Epige-
netic mechanisms link gene regulation to environmental influences
and developmental trajectories.8 Developmental programming
induced by the intrauterine environment (cigarette smoke, nutri-
tion, and stress) affects the fetus and its germ line, with intergen-
erational epigenetic effects. Developmental programming can be
transmitted across generations (trans-generational effects) and
cannot be anymore attributed to direct environmental exposure.

Several time-dependent DNA methylation signatures associated
with allergic disease developmental endotypes are described. The
Tucson Infant Immune Study identified in cord blood mononuclear
cells 589 differentially methylated regions associated with
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Fig. 1. Factors that affect a disease endotype in allergic diseases. For precision medicine in allergic disease, more mechanistic approaches are needed, based on an integrated
understanding of the individual patient's biological mechanisms, including the interplay between the immune response and the exposome, infections and microbiome, genetics,
epigenetics, psychosocial factors, nutrition, anatomical factors and metabolic pathways.
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