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ABSTRACT

The energy metabolism was demonstrated to directly modulate immune
cell function and thereby physiological and detrimental immune responses.
In addition, the field of immunometabolism is vastly growing. However, yet
there remain fundamental scientific questions in the field, which require
the organization of national and international networks as well as the
implementation of immunometabolism into curricula, scientific societies,
and immunological routine diagnostics to hold the promise of personalized
medicine to our patients within the next decade.

Introduction

In very recent years, a large body of significant studies has
investigated the energy metabolism of innate and adaptive immune
cells in immunity to tumors and pathogens as well as in autoimmune
diseases'3. Through these pioneering studies, ithasbecome clear that
immune cells are highly dependent on an effective energy metabolism
to fulfill their requirements for proliferation, differentiation, and cell
type-specific effector functions. Yet, it is established that different
immune cells use distinct types of metabolic pathways. In this
context, the type of energy metabolism used by immune cells is
significantly influenced by their developmental and differentiation
stage* *°. Recently, it was for example demonstrated that T helper
(Th)17 cells, which are critical for immunity to extracellular bacteria
and fungi but also contribute to autoimmunity, are composed of a
unique ultrastructure with fused mitochondria and tight christae,
making them highly dependent on intact mitochondrial architecture
and metabolic pathways®. Independent of such intrinsic energy
programs, metabolic pathways and the effector functions of immune
cells are also influenced by an extrinsic metabolic environment
within the organ. The extrinsic metabolic microenvironment can
even significantly vary within the very same organ, depending on
whether the organs are affected by a disease or not’-°.

An important step in our recent understanding was learning that
immune receptor activation cumulates in the induction of specific
metabolic genes in immune cells. For instance, antigen specific
activation ofthe T cell receptor (TCR) controls the expression of genes
that encode for glycolytic enzymes'. Early after T cell activation it is
thus a switch to glycolysis that ensures the generation of sufficient
building blocks for consecutive clonal expansion of hundreds and
thousands of effector T cells directed towards one single antigen.
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Another important milestone in the field was the discovery
that the metabolism of immune cells, inversely, can directly
affect their development, differentiation, and effector
function through the control of cellular fitness and survival,
by maintaining cell homeostasis especially in metabolically
challenging microenvironments during diseases, or even
through epigenetic gene regulation mechanisms!-13,

Understanding Immunometabolism for Diagnostics
and Therapy

Although we have developed a relatively detailed
understanding of how metabolic pathways and immune
cell effector functions are interconnected, there are
still yet open questions: i) How does the metabolic
microenvironment affect the energy metabolism and
effector function of immune cells? To answer this
question, a detailed characterization of metabolic
microenvironments within organs and compartments
in health and disease is needed. ii) While many studies
have focused on adaptive immune cells so far, there is a
lack in our understanding of how myeloid cells and their
plasticity is shaped by their energy metabolism or by
the distinct metabolic microenvironment they operate
in. For example, mast cells have a unique proteome and
molecular machinery that ensures vesicle formation,
storage and release. However, it is almost completely
unknown how metabolic pathways contribute to build
up the prerequisite that ensures mast cell effector
function. iii) Despite our understanding of which type
of energy metabolism is favored by distinct immune cell
populations, we are just at the beginning in engineering
pipelines that allow us to use this knowledge to improve
immunotherapies, for example to enhance the fitness of
chimeric antigen receptor (CAR) T cells.

For CART cell therapy, T cells are extracted from patients
and genetically engineered to express CARs that consist
of an extra-cellular antigen binding domain connected
with an intracellular signalling domain'*. This enables
CAR T cells to bind and kill tumour cells when reinfused
to patients. What looks in theory like a universal form of
treatment for malignant diseases is in reality confronted
with varying success also due to challenges in maintaining
metabolic fitness of CAR T cells during manufacturing or
after CAR T cells have been administered to the patient'>
1617 Here, further studies are needed especially with the
increasing number of diseases that can be efficiently
targeted by CAR T cells. In this context, CAR T cells were
recently reported to evoke ‘immunological’ remission of
patients suffering from systemic Lupus erythematosus
(SLE) patients!® 1%, Furthermore, a better understanding
of metabolic changes in innate and adaptive immune cells
during systemic pathological conditions in the human body
could further help in diagnosing diseases or evaluating
treatment efficiency. In addition, the spectrum of diseases

that will be treatable with CAR T cells in future is likely to
grow exponentially within the next decade and we are just
at the beginning?’.

To date, scientific societies have not significantly
implemented immunometabolism in their agenda. This
is in stark contrast to the fact that metabolic pathways
in immune cells were demonstrated to directly impact
the function of several immune cell types and, thereby,
to control outcomes of various diseases. These studies
establish the metabolism of immune cells beyond a simple
epiphenomenon of their functional state.

Conclusion

As the field of immunometabolism is a young research
area, the establishment of an independent working group
‘Immunometabolism’ within scientific societies such as for
instance the German Society of Immunology (DGfI) would
be a unique opportunity to combine both, the support of a
young community as well as the foundation of a working
group that is needed.

In addition, most of the curricula for students of human
and veterinary medicine as well as of several biological or
engineering disciplines do not have implemented courses
on immunometabolism yet. This likely will change in the
near future as meanwhile many (but too less) universities
have established professorships in immunology with a
particular focus on immunometabolism. Implementing
immunometabolism within scientific societies, curricula,
diagnostics, and research is more than an academic
exercise as a detailed understanding of the energy
metabolism and how it affects immune cell function
will be crucial for tailor-made immunotherapies such as
CAR T cell technologies. So far, there are a few examples
of immunometabolism research initiates, organizations
and scientific networks such as the “immunometabolism
group” in Sydney at the University of New South Wales or
the “IMMUNOMET EU” working group in Europe (Figure
1). We need more of them and have to switch gears and
implement immunometabolism within scientific societies,
curricula, and diagnostics. Otherwise, we will be lacking
the community, educated people, the technology, and
further vibrant research studies that guarantee the
implementation of next generation immunotherapies for
our patients relatively soon.
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