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Editorial on the Research Topic

Immune Regulation of Metabolic Homeostasis

The worldwide prevalence of obesity, non-alcoholic fatty liver disease (NAFLD) and type 2 diabetes
is reaching epidemic proportions, not only in Western societies but also in developing countries (1,
2). Among various pathophysiological underlying mechanisms, the obesity-associated chronic low-
grade inflammation, also called meta-inflammation or metaflammation, contributes to the
development of insulin resistance and dysregulated glucose/lipid metabolism, ultimately leading
to type 2 diabetes, non-alcoholic steatohepatitis (NASH), and associated cardiovascular diseases
such as atherosclerosis (3–5). During the last decade, landmark studies in the emerging field of
immunometabolism have highlighted the central role played by the immune system in the
regulation of metabolic homeostasis in both rodent and humans. Indeed, a growing repertoire of
innate and adaptive immune cells have been reported to populate metabolic organs, including
adipose tissue, liver, pancreas, skeletal muscle, intestine and some brain areas, and to contribute to
tissue-specific maintenance of insulin sensitivity and/or biological functions through complex but
yet incompletely understood crosstalk with metabolic cells. Furthermore, the tissue
microenvironment (nutrients, metabolites, oxygen,…) also play an important role in the
regulation of intrinsic metabolism and functions of resident and/or recruited immune cell
subsets within metabolic organs (6, 7). This finely-tuned and dynamic homeostatic system is
altered in the context of obesity and metabolic disorders, bringing up the idea that modulation of
immune environment in metabolic organs could constitute an attractive new therapeutic approach
for alleviating metaflammation and cardiometabolic diseases (8, 9).

The present Research Topic provides a collection of high-quality manuscripts focused on
different aspects of the immune regulation of metabolic homeostasis, notably in the context of
obesity and type 2 diabetes. This issue comprises twelve manuscripts, including 6 original research
articles and 6 reviews, that could be divided in 3 interrelated parts.

The first section is mainly dealing with the role of tissue-resident immune cells, especially from
the myeloid lineage, in the pathophysiological regulation of nutrient metabolism and insulin
sensitivity in various metabolic organs. As the first one of a series of state-of-the-art reviews, Khan
et al. summarize the current knowledge on the changes in immune cell composition in visceral
adipose tissue during obesity and aging, and discuss the respective contribution of innate and
adaptive immune cell types to tissue dysfunction. In the light of the recent development of single cell
technologies that have revealed heterogenous immune cell populations within metabolic organs
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(10–15), Remmerie et al. provide an overview of the distinct
macrophage subsets identified in both adipose tissue and liver,
and their putative functions during the development of obesity
and fatty liver disease. In an extensive review, Orliaguet et al.
describe the main underlying molecular mechanisms by which
tissue-resident macrophages can be reprogrammed by
obesogenic micro-environment in pancreatic islets, adipose
tissue and the liver, and how changes in their polarization state
can affect organ functions and systemic insulin sensitivity. The
role of micro-environment in shaping myeloid cell functions is
expanded to dendritic cells by Brombacher and Everts who
dissect how changes in local nutrients or oxygen tension could
modulate intrinsic metabolic pathways and affect cell
differentiation and immunogenicity in pathological conditions
like cancer and type 2 diabetes. Focusing on the interaction
between adipocytes and invariant natural killer T (iNKT) cells
within adipose tissue, van Eijkeren et al. highlight the putative
role played by local adipocyte-derived lipids in shaping tissue-
resident iNKT cell functions. In an original study, Surendar et al.
investigate the role of adipose tissue and liver macrophages in
CD8+ T cell functions during weight loss in diet-induced obese
mice. Finally, in the last article of this section, Koc et al. report
some differences in the transcriptional metabolic signatures of
CD14+ and CD14- peripheral blood mononuclear cells isolated
from control subjects and age/weight-matched first-degree
relatives of patients with type 2 diabetes.

In a second part, three original manuscripts describe various
interventional approaches leading to improvements of
metaflammation, insulin sensitivity and/or glucose homeostasis
in mouse models of obesity and type 2 diabetes. Parasitic
helminths are known to be master regulators of host immune
responses through secretion of a portfolio of unique
immunomodulatory molecules (16, 17). Interestingly, Khudhair
et al. show that gastrointestinal helminth infection with the
nematode Nippostrongylus brasiliensis induces a potent type 2
immune response in metabolic organs, and reduces body weight,
systemic inflammation and hyperglycemia in high-fat diet-fed
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mice, a beneficial effect associated with changes in gut microbiota
composition and increased fecal short chain fatty acid levels. In the
second study, Romero-Zerbo et al. report the beneficial effects of the
atypical cannabinoid Abn-CBD, a synthetic cannabidiol derivative
with immunomodulatory properties, on both systemic and tissue-
specific inflammatory parameters in diet-induced obese mice.
Finally, Permyakova et al. describe how AN1284, a novel indoline
derivative with antioxidant and anti-inflammatory activities,
improves whole-body insulin sensitivity, reduces hepatic and
renal inflammation and preserves kidney functions in BSK-db/db
mice, a genetic model of diabetic obesity.

Finally, the last section of this Research Topic comprises two
reviewarticles focusedonbonehomeostasis. BenovaandTencerova
summarize the current knowledge on the impact of obesity and
lifestyle interventions on bone marrow microenvironment and
subsequent remodelling of both hematopoietic and mesenchymal
stem cells. In amini-review, Cooney et al. discuss the role played by
gut microbiota in the regulation of bone mass, notably through
modulation of osteoclastogenesis by local immune cells, and how
probiotics may influence this gut-bone axis.

Overall, the studies presented in this Research Topic highlight
the central role played by the immune system in the (dys)
regulation of many aspects of metabolic homeostasis, at both
organ and systemic levels, especially during the development of
obesity, type 2 diabetes and associated inflammatory-driven
comorbidities. The expanding field of immunometabolism is
expected to i) contribute to a better understanding of the role and
functions of a growing numbers of tissue-specific innate and
adaptive immune cell subsets, and ii) pave the way to the
development of new immunomodulatory therapeutic strategies
for the treatment of cardiometabolic diseases.
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