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In a recent study published in Nature, Nobs and colleagues aimed
to identify novel mechanisms that may explain why diabetes is
associated with an increased susceptibility to viral respiratory
infections. Their analyses revealed a central role of lung dendritic
cells (DC) which exhibited several functional defects induced by
hyperglycaemia and consequently result in impaired antiviral
immune responses.’

Both type 1 and type 2 diabetes are tightly linked to several
classical complications such as cardiovascular diseases, chronic
kidney disease, peripheral and autonomic neuropathy as well as
retinopathy, whereas the association with infections, although
well-known and clinically relevant, has been less well studied.
Investigations in multiple cohorts and populations have demon-
strated that people with diabetes have a higher risk of infection-
related complications such as hospitalization, and also an
increased risk of post-operative infections compared to people
without diabetes. This relationship has recently received consider-
able attention because people with diabetes have been dis-
proportionally affected by the COVID-19 pandemic. The presence
of diabetes itself, but also its comorbidities and specific risk
phenotypes such as subclinical inflammation, exacerbates the
course of SARS-CoV-2 infection and leads to a higher risk of
COVID-19-related death than in people without diabetes.? This
observation has prompted subsequent mechanistic studies to
better understand why diabetes and the severity of viral infections
are so intricately linked.

Nobs et al.' present a significant contribution to this field by
studying several diabetes mouse models and using different viral
pathogens (influenza A, mouse pneumonia virus) causing
pulmonary infections. Compared to normoglycaemic control mice,
hyperglycaemic mice showed higher viral titres, a dysregulated
adaptive immune response and increased mortality indicating an
impairment in antiviral immunity. In order to characterize through
which mechanisms hyperglycaemia affects the course of infection,
cellular, proteomic, transcriptomic and genomic alterations were
assessed. Among the multiple changes present both in steady-
state (i.e. in the absence of viral infection) and during viral
infection, major reductions in several subsets of DC in the lung
were observed. Additionally, lung DC showed several functional
impairments. Reduced expression of costimulatory molecules
(CD40, CD80, CD86) in lung DC, which are required for antigen
presentation and T-cell activation, was related to reduced T-cell
expansion. Lung DC showed lower lactate production and higher
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acetyl-CoA levels but unchanged mitochondrial respiration during
hyperglycaemia, indicating an impact of hyperglycaemia on lung
DC glycolysis and downstream metabolic pathways. The increase
in acetyl-CoA may have promoted epigenetic changes favouring a
shift from methylation to acetylation with potential implications
for global chromatin accessibility which might affect specific
inflammatory loci. It is important to note that the aforementioned
effects of hyperglycaemia could be abrogated on multiple levels,
e.g. by insulin treatment to lower glucose levels or by inhibition of
excessive histone acetylation.

Overall, this study highlights the central role of lung DC for the
susceptibility to pulmonary viral infections. From the mechanistic
perspective, the results suggest a causal link between hypergly-
caemia, epigenetic and immunometabolic changes in lung DC,
reduction in antiviral T cell activity and enhanced morbidity and
mortality. The study clearly demonstrates that high glucose levels
are a major determinant of lung DC function and provides a novel
concept of how chronic hyperglycaemia can impair host defence
against viral pathogens. In this context, analyses of the German
Diabetes Study (GDS) showed that even people with recent-onset
diabetes present with impaired spiroergometry-assessed lung
function, which correlated with less glucometabolic control,
highlighting the role of glucose toxicity as an important
mechanism of interorgan communication also for pulmonary
diseases.’ From a therapeutic perspective, these data reiterate the
relevance of glucose control in people with diabetes to mitigate
the detrimental impact of infections. They also point towards the
possibility of targeting acetylation in the acute setting of
pulmonary infections but this needs corroboration by subsequent
studies.

One strength of the study is the use of different murine
diabetes models for type 1 and type 2 diabetes to investigate the
impact of hyperglycaemia. However, it is not straightforward to
extrapolate findings from these models to human diabetes. The
extent and the duration of hyperglycaemia in people with
diabetes that would be required for the aforementioned
detrimental effects on lung DC in mice are unclear. Moreover,
the risk of infections and other comorbidities of diabetes is
probably also influenced by other alterations in the immune
system. Recent advances to better understand the heterogeneity
of diabetes suggested the existence of novel subtypes that differ
in immunological characteristics such as biomarkers of inflamma-
tion and leucocyte frequencies in blood.** Given their differences
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Fig. 1 Hyperglycaemia impairs antiviral defence. In a study using
several mouse models of diabetes, hyperglycaemia led to complex
changes in the lung which impaired antiviral immune responses.’
Hyperglycaemia altered the composition of immune cells in the
lung, particularly of dendritic cells (DC), and induced epigenetic
changes, i.e. increased acetylation. In turn, DC showed functional
impairments, including a reduction in the expression of costimula-
tory molecules that are necessary for antigen presentation to T cells
and an increase in acetyl-CoA levels. These changes were related to
a less effective antiviral defence and higher virus titres as well as
increased morbidity and mortality. The figure was created with
BioRender.com

in glycaemic, non-glycaemic and immunological determinants, it
is conceivable that the novel diabetes subtypes also differ in their
susceptibility to viral infections. The identification of those at
highest risk merits further investigation. Finally, it is most likely
that different viruses may act through different mechanismus in
their impact of the immune system in the presence of
hyperglycaemia, so that the present study could guide future
investigations in this field.

Taken together, Nobs and colleagues provide novel insight
into the intricate link between hyperglycaemia, immunity and
the risk related to viral infections (Fig. 1). The data suggest that
epigenetic alterations could be major determinants of
impaired lung DC function and in consequence reduced
T-cell mediated antiviral response with crucial impact on
morbidity and mortality. While the relevance of adequate
glucose-lowering treatment in people with diabetes is the most
obvious conclusion, the study also once more highlights the
complex interplay between metabolism, the immune system
and disease risk.

SPRINGERNATURE

ACKNOWLEDGEMENTS

CH., M.R. and N.V. are supported by a grant from Horizon Europe (INTERCEPT-T2D,
101095433). C.H. and M.R. are also supported by the German Diabetes Center (DDZ),
which is funded by the German Federal Ministry of Health (Berlin, Germany) and the
Ministry of Culture and Science of the state North Rhine-Westphalia (Dusseldorf,
Germany) and receives additional funding from the German Federal Ministry of
Education and Research (BMBF) through the German Center for Diabetes Research
(DZD eV.).

AUTHOR CONTRIBUTIONS
CH., M.R. and N.V. conceptualized the research highlight. All authors wrote the paper,
edited the figure, and have read and approved the article.

FUNDING
Open Access funding enabled and organized by Projekt DEAL.

ADDITIONAL INFORMATION

Competing interests: C.H. and N.V. reported no conflicts of interest. M.R. received
personal fees from Allergan, Astra-Zeneca, Boehringer-Ingelheim, Echosens, Lilly,
Gilead Sciences, Madrigal, MSD, Novo Nordisk, Pfizer and Target RWE as well as
investigator-initiated research support from Boehringer-Ingelheim, Nutricia/Danone
and Sanofi-Aventis.

REFERENCES

1. Nobs, S. P. et al. Lung dendritic-cell metabolism underlies susceptibility to viral
infection in diabetes. Nature 624, 645-652 (2023).

2. Schlesinger, S. et al. Risk phenotypes of diabetes and association with COVID-19
severity and death: an update of a living systematic review and meta-analysis.
Diabetologia 66, 1395-1412 (2023).

3. Rohling, M. et al. Metabolic determinants of impaired pulmonary function in
patients with newly diagnosed type 2 diabetes mellitus. Exp. Clin. Endocrinol.
Diabetes 126, 584-589 (2018).

4. Ratter-Rieck, J. M. et al. Leukocyte counts and T-cell frequencies differ between
novel subgroups of diabetes and are associated with metabolic parameters and
biomarkers of inflammation. Diabetes 70, 2652-2662 (2021).

5. Julla, J. A-O. et al. Blood monocyte phenotype is a marker of cardiovascular risk in
type 2 diabetes. Circ. Res. 134, 189-202 (2024).

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http:/
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Signal Transduction and Targeted Therapy (2024)9:67


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Diabetes and pulmonary infection: how hyperglycaemia shapes the immune�system
	Acknowledgements
	Author contributions
	Funding
	ADDITIONAL INFORMATION
	References


