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ABSTRACT. Sarcoidosis is a complex disease with variable phenotypes that will require a multisystem approach to
understand pathophysiology. One of the most challenging problems in sarcoidosis research is the absence of valid
and widely accepted experimental models that accurately simulate human disease. The Foundation of Sarcoidosis
Research (FSR) has funded five projects for the development of novel experimental models for sarcoidosis, pre-
sented and discussed in a workshop organized during the European Respiratory Society Congress held in Milan
from September 9" to 13*. The experimental, in vivo or in sillico models presented may be quite helpful for investi-
gating specific pathogenic and therapeutic questions, addressing especially severe forms of sarcoidosis. (Sarcoidosis

Vasc Diffuse Lung Dis 2018; 35: 2-4)
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Sarcoidosis is a complex disease with variable
phenotypes that will require a multisystem approach
to understand pathophysiology. One of the most chal-
lenging problems in sarcoidosis research is the absence
of valid and widely accepted experimental models (1)
that accurately simulate human disease. Specifically,
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the need for sarcoidosis models is critical for identify-
ing new therapies for those patients at risk for poor
outcomes (2). To address this gap, the Foundation of
Sarcoidosis Research (FSR) has funded five projects
aimed at accelerating the development of novel ex-
perimental models that could help researchers both
explore disease pathogenesis and develop new thera-
pies. During the European Respiratory Society meet-
ing held in Milan from September 9* to 13*, the FSR
organized a workshop to discuss the projects and the
potential opportunities for future research.

Martin Kolb from McMaster University provid-
ed an overview of desirable characteristics of disease



Disease models for sarcoidosis research

models, using idiopathic pulmonary fibrosis (IPF) as a
touchstone. He suggested that an ideal disease model
must be quick, inexpensive and easily-replicated. Al-
though the bleomycin murine model is commonly
used as a model of lung fibrosis, it recapitulates only
select features of human IPF. This fact could explain
why many drugs that demonstrated efficacy in the
bleomycin model failed when they were tested in hu-
mans (3). A recent international statement has been
published about the ideal conditions, assessment and
outcomes for animal models in IPF (4). During the
discussion, it was remarked that although the bleo-
mycin model is not the optimal IPF model, it is the
preclinical model globally recognized in IPF and it
has facilitated the research and funding in this area.
It is believed that the lessons learned from pulmo-
nary fibrosis models hold relevance for development
of sarcoidosis models. One important point was that
a useful model may not necessarily need to be capable
of reproducing every aspect of a given disease, which
is why more than one model of pulmonary fibrosis is
used for many investigations.

Five different models of sarcoidosis were pre-
sented during the meeting. Elliot Crouser from Ohio
State University based his model on the behavior of
peripheral blood mononuclear (PBMCs), which are a
primary source of inflammatory cells in the context of
tissue granuloma formation (5). Sarcoidosis PBMCs
form granuloma-like structures when challenged with
immunogenic tuberculosis antigens, such as purified
protein derivative (PPD). PBMCs from sarcoidosis
patients and latent tuberculosis infection (LTBI) sub-
jects develop similar aggregates when stimulated with
PPD (containing macrophages and lymphocytes), but
with different molecular signatures: TNF produc-
tion strikingly increases in sarcoidosis compared with
controls and LTBI; however, IFN-y production sig-
nificantly decreases in sarcoidosis compared to control
and LTBI. Additionally, M2 macrophages, typically
involved in aggregation and formation of multinucle-
ate cells, are overexpressed in sarcoidosis. Similar mo-
lecular patterns have been observed in diseased human
tissues. In conclusion, the model seems best poised
for assessing early events in granuloma formation in
different disease states (e.g., sarcoidosis vs. TB), with
a striking M2 macrophage polarization distinguish-
ing sarcoidosis from TB, and may be useful for testing
various antigenic triggers, as well as medications.

Thomas Weichhart from the Medical University
of Vienna presented a mouse model in which deletion
of the tuberous sclerosis 2 (TSC2) gene in myeloid
cells induces constitutive mTOR activation, followed
by spontaneous multiorgan granuloma formation that
appears to be more chronic than many prior murine
granuloma models (6). After 10 weeks, histology of
the lungs shows substantial granuloma formation,
with epithelioid-like cells and multinucleate giant
cells. After 20 weeks prominent skin lesions are vis-
ible. These lesions are generated by granuloma forma-
tion in the skin and are completely reverted by treat-
ment with mTOR inhibitors. In addition, mTOR
signaling pathways were over-represented in tissue
samples from sarcoidosis patients with progressive
disease, suggesting relevance to human sarcoidosis.
This in vivo model indicates that mTOR activation
might play a role in granuloma formation by induc-
ing transformation of normal macrophages into giant
epithelioid macrophages, followed by more complex
immune cell aggregation. mnTOR-induced granuloma
formation might be important in patients with pro-
gressive sarcoidosis. Specific antigen triggers, the role
of various genetic polymorphisms, and established as
well as novel therapeutic principles can be easily as-
sessed with this model.

Marina A. Freudenberg and co-workers from
University of Freiburg has optimized established
models by using Type I IFN activation to potentiate
granuloma formation. They employed a well-known
murine model whereby intravenous administration of
trehalose-6,6"-dimycolate (TDM), a lipid found in the
cell wall of Mycobacterium tuberculosis, leads an inflam-
matory response in the lung with formation of pulmo-
nary granulomas with giant cells. By also incorporating
the IFN-0f inducer dsRNA, the size and number of
granulomas was markedly enhanced. In contradistinc-
tion, this effect is reduced when IFN-of production
is deficient. These results suggest that IFN-aff may be
a potential pharmacological target in sarcoidosis. For
this purpose, the authors wanted to test this hypoth-
esis in different in vitro (primary human and murine
macrophages) and iz vivo models (TDM and Propioni-
bacterium acnes models). This model demonstrates that
adjunctive manipulation of the immune milieu may be
useful to obtain better sarcoidosis model characteristics.

An in silico multi-scale computational model of
sarcoidosis (SarcoidSim) is being developed by Simon
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Hart’s team at the University of Hull. To develop
this model, a multidisciplinary group that included
clinicians, biomedical scientists and software engi-
neers have used a previous model of granulomatous
inflammation (LeishSim) that models the changes in
granuloma cell formation in leishmaniasis (7). For this
purpose, the authors plan the development of a two-
compartment computational model of sarcoidosis us-
ing transcriptomics and flow cytometry of human sar-
coid biopsies to parameterize SarcoidSim. Once the
model is developed, different candidate drugs could
be tested in the models, especially in cases of high-risk
sarcoidosis.

The last model of the workshop was developed
by Erica Herzog from Yale University. The goal of her
model is to develop a method suitable for studying
the lung microenvironment in fibrotic pulmonary sar-
coidosis. For this purpose, they are employing three-
dimensional culture scaffolds prepared from decellu-
larized lung tissues. These studies, which are similar
to work previously accomplished in IPF and sclero-
derma (8), will use lung tissue from stage IV sarcoido-
sis patients and nonfibrotic controls to decouple the
biochemical and biophysicial mechanisms influencing
immune cell activation and fibroblast phenotypes in
pulmonary sarcoidosis. The role of the extracellular
matrix and its interactions with various cell popula-
tions and the utility of anti-fibrotic therapies can eas-
ily be tested using this approach.

A group discussion ensued among the attendees.
Whether a specific sarcoidosis-relevant antigen must
be part of any given model proved to be a contro-
versial discussion point. It is possible that models of
granuloma formation and models of sarcoidosis may
be overlapping but slightly distinct concepts. It was
emphasized by the group that no single model will
faithfully reproduce all aspects of sarcoidosis biology,
but that several of the models described here or cur-
rently in use may be quite helpful for investigating
specific questions. Simultaneous use of more than one
model is the most likely strategy to explore some of the
most pressing questions in sarcoidosis. Grant review
boards and study sections require education regarding

the usefulness of existing models in order to facili-
tate entry of new scientists into the sarcoidosis space.
Peer reviewers and scientists in the sarcoidosis field
should be less dismissive of the possible relevance of
models proposed in work they are reviewing. The de-
velopment of the five exciting models described above
carries great potential in allowing the scientific com-
munity to explore novel ways to untangle the com-
plex pathophysiology of sarcoidosis and, ultimately,
develop disease specific therapies.

The research projects described in this article were financed
by the Foundation for Sarcoidosis Research
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