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Editorial on the Research Topic

Precision Medicine in Chronic Inflammation

The principle of precision medicine is most established in oncology; e.g. choice of particular
treatment based on the presence of certain molecular alterations within the tumors (1). This
implementation of precision medicine has significantly improved the prognosis across many
malignant diseases (2). Compared to oncology, precision medicine is still in its infancy in
chronic inflammatory diseases – exemplified for pemphigus and pemphigoid diseases (Bieber
et al.) herein. However, implementation of precision medicine for chronic inflammatory diseases,
such as chronic infectious diseases, inflammatory bowel disease, inflammatory rheumatic diseases
and chronic inflammatory diseases of the skin, is expected to have a significant impact of patient
well-being (3). There are three key pillars of precision medicine that will enable its implementation
into clinical use: (i) identification of unique disease-associated characteristics in individual patients
(ii) personalized experimental models of chronic inflammation, and (iii) implementation of
personalized treatments. All of these are highlighted in the articles of the Research Topic
Precision Medicine in Chronic Inflammation, and are shortly introduced in this Editorial.
IDENTIFICATION OF UNIQUE DISEASE-ASSOCIATED
CHARACTERISTICS IN INDIVIDUAL PATIENTS

At the forefront of precision medicine is the ability to identify unique characteristics in individual
patients allowing to select a tailored treatment. This requires techniques that go well beyond
currently implemented diagnostic algorithms. Among methods that allow to differentiate between
individual patients are (i) assessment of patient-reported outcomes, (ii) in vivo imaging up to the
cellular level, (iii) detailed phenotyping of the (mal)adaptive immune responses, (iv) molecular
characterization allowing to generate polygenic risk scores, which, in case of infectious diseases, also
encompasses the pathogens’ genetics, as well as (v) drug monitoring.

In this Research Topic, Tran et al. review the currently available patient-reported outcomes (PRO)
for chronic inflammatory diseases, their limitations and challenges of addressing these. Especially the
longitudinal use of PROs is well-suited to monitor the patient’s perception on the quality of life,
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disease activity, functional capacity, as well as psychological health.
In turn, this enables to capture response (or lack thereof) to
treatments in a much more comprehensive and individualized
manner (4). Thus, PROs are not only important for clinical
management, but also are a cornerstone of more individualized
therapies because they directly take individual PROs into account.
However, currently clinically implemented PROs only partially
reflect actual disease activity. Thus, further development and
broader implementation into daily clinical care, of PROs
capturing disease activity more precise for individualized
therapy guidance is essential for personalized medicine.

Immunophenotyping (Humrich et al.) at a molecular and
cellular resolution is a key for classification of patients with
chronic inflammatory diseases as it allows to unravel disease
pathogenesis and potentially allows to define diagnostic and/or
prognostic biomarkers for patient stratification and personalized
treatments. Application of unbiased multi-OMICS techniques,
such as antigen-specific T cell enrichment (5, 6) or multiplex
determination of the activity of 150 kinases (PamGene) (7) are
examples of these techniques. The bottleneck of a broader
implementation of immunophenotyping are the relative high
costs and the integration in a biological and clinical context. For
the latter, a close cooperation among clinicians, scientists and
systems biologists is essential. Thus, as the tools for phenotyping
are available, it will only be a matter of time to explore the full
potential of immunophenotyping in inflammation medicine. An
example for a biomarker for disease-progression is the presence
of myeloid-derived suppressor cells (MDSCs) in hemodialysis
patients (Xing et al.): in this patient cohort, persistent high levels
of M-MDSCs were associated with higher incidence of stock,
heart failure and death. Interestingly, compared to plasma
from healthy controls, plasma of hemodialysis patients induced
M-MDSCs. This induction of M-MDSCs was sensitive to IL-6
blockade, which may represent a future therapeutic approach for
these patients (8). Another example for emerging biomarkers are
regulatory autoantibodies to G protein-coupled receptors
(GPCR) (Riemekasten et al.), which may reflect the GPCR
signature and therefore, the interplay between individual
external factors (e.g. microbiome, toxic agents) and internal
factors such as the genetic predisposition. Increased or
decreased serum concentrations of these autoantibodies lead to
clinical disease manifestation (9) and serve as biomarkers for
disease progression (10).

Hübenthal et al. highlight the current developments in clinical
sequencing and discuss the clinical applicability of polygenic risk
scores with regard to chronic inflammatory diseases, such as
atopic dermatitis (AD), inflammatory bowel disease (IBD) and
coronary artery disease (CAD). Sequencing-based high
throughput methods allowed for a (relative) cost-effective
sequencing of large patient cohorts. This has and continues to
improve our understanding of the genetic background of disease
pathogenesis (11–13). In perspective, this data will be the basis for
biomedical innovation that potentially allows to for patient
stratification at a more individualized level.

Imaging inflammation up to the cellular level is another
important pillar for precision medicine. In their overview,
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Medina et al. review the recent development in imaging of
inflammation. Regarding cellular imaging, two-photon
microscopy (TPM) for sectioning-free virtual hematoxylin and
eosin (H&E) “staining” and optical coherence tomography
(OCT) for visualization of cutaneous inflammation. For TPM
tissue samples stained with acridine orange (nuclei) and
sulforhodamine 101 (counterstain) that leads to an H&E
compatible staining. Imaging of unsectioned tissue specimen is
then performed using TPM. Ultimately, a digital H&E-
equivalent image is generated ready for histological assessment
is created from the acquired data. Pending further validation, this
workflow of virtual H&E imaging using TPM may represent a
faster alternative to conventional histology in the future. The
potential of OCT imaging for cellular in vivo imaging of the skin
has been demonstrated (14). Thus, analysis of cellular
morphology combined with dynamic processes of immune
cells potentially allows a marker-free “optical biopsy” of skin
inflammation using OCT.

Especially in chronic infectious inflammatory diseases, for
example tuberculosis, personalized medicine is more and more
implemented into clinical care. Biomarker-based treatment
decisions, therapeutic drug monitoring and tailored treatments
based on the pathogens’ genome are presented in-depth in the
review articles by Lange et al. and by Merker et al.

Overall, availability and implementation of those measures
will allow individualized treatment decisions. We expect
implementation of these in the near future, as respective
clinical trials are currently performed. For example, a
biomarker discovery trial in prospective cohorts from patients
with chronic inflammatory diseases for the definition of disease
control, headed by Dr. Schreiber, Dr. Thaci and Dr. Weidinger,
or a clinical trial on individualized antibiotic therapy for chronic
lung infections headed by Dr. Lange, Dr. Rabe, Dr. Niemann and
Dr. Schulenburg, all affiliated with the Cluster of Excellence
Precision Medicine in Chronic Inflammation.
PERSONALIZED MODEL SYSTEMS

Current pre-clinical model systems usually rely on inbred
rodents because of the lower variability of the obtained results
(15). Yet, diversity in model systems is a key pre-requisite for
basic and translational research in precision medicine. Herein,
Tran et al. review the potential use of stem cells and organoid
technology in precision medicine in inflammation and highlight
the use of organoids from human tissues (16, 17).
EMERGENCE OF PERSONALIZED
TREATMENTS

Diet is well recognized as an important factor in the pathogenesis
of chronic inflammatory diseases, as well as treatment responses
(18, 19). Despite this understanding, work demonstrating
therapeutic activity of personalized nutrition in chronic
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inflammation remains scarce. Yet, based on findings in
experimental models (20, 21), implementation of precision
nutrition in chronic inflammation (Demetrowitsch et al.) will
potentially become a therapeutic and/or preventive measure. In
line with this notion, insulin is a key factor in host defense as
demonstrated by Casagrande et al. Comorbidity of chronic
inflammatory diseases is already used for treatment decisions,
which is a step towards personalized medicine. For example, use
of TNF inhibitors (Zamri and de Vries) in rheumatoid arthritis
patients improved periodontal health. As shown by Sang et al.,
another possibility to personalize medicine could be a targeted
delivery of immunomodulatory drugs based on the cell types
present in inflammation.
PERSPECTIVES

Identification of unique disease signatures in individual patients
is the key to precision medicine in chronic inflammation. This
also encompasses the use of personalized model systems for
better understanding of disease pathogenesis and selection of
treatments. Ultimately, this will lead to the implementation of
personalized treatments for patients affected by chronic
inflammatory diseases. The future will see that the phenotypes
Frontiers in Immunology | www.frontiersin.org 3
of inflammatory diseases will disintegrate into many rare
diseases with targeted therapeutic approaches in small
segments of patients.
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