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Adipocytes in their (CD)40s
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Immune cells play a crucial role in cardiometabolic dis-
eases (obesity, atherosclerosis, non-alcoholic steatohepati-
tis). Cells associated with the innate (macrophages,
monocytes, neutrophils, NK cells) and adaptive (T and B
lymphocytes) immune responses are involved in disease
onset and progression. Optimal T- and B-cell activation
requires the involvement of co-stimulatory molecules in-
cluding the CD40-CD40L receptor-ligand pair! CD40L is de-
tected on T cells, while CD40 is typically expressed on
antigen-presenting cells such as dendritic cells, macro-
phages and B cells. Interestingly, CD40 expression was also
observed on non-hematopoietic cells including fibroblasts,
endothelial cells and epithelial cells. The functional signifi-
cance of engaging the CD40-CD40L pathway in the devel-
opment of cardiometabolic diseases has been
documented.>* Indeed, previous work demonstrated that
myeloid cell-specific CD40 deletion on a pro-atherogenic
genetic background led to the development of smaller
atherosclerotic plaque lesions.? This was mainly due to the
anti-inflammatory phenotype of CD40-deficient macro-
phages. Furthermore, besides antigen-presenting cells, adi-
pocytes expressed functional MHC-Il, suggesting a
potential role in antigen presentation.” However, the po-
tential role of adipocytes in immune responses remains
poorly characterized.

In an article published in this issue of Haematologica, Re-
iche and colleagues describe the impact of CD40 deletion
in mature adipocytes on inflammation and metabolic dis-
eases.® The authors generated mice selectively lacking
CD40 expression on mature adipocytes (AdipoQ®®x CD40™M
mice) and observed decreased bone marrow hematopoietic
stem cell numbers in adult and aged mice. Moreover, B-
cell and T-cell homeostasis was altered, with decreased
numbers of B cells and T cells displaying an activated pro-
inflammatory phenotype. The presence of a large popu-
lation of regulatory T cells (Treg) in visceral white adipose
tissue has also been documented.’Visceral adipose tissue
Treg display a sex-specific phenotype and are enriched in
male mice in comparison to age-matched females.® Pio-
neering work defined a role for MHC-Il, mainly expressed
on CD11b* and CD11c* antigen-presenting cells, in Treg adi-
pose tissue accumulation.® The study by Reiche et al. dem-
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onstrates that adipocyte CD40 expression is not involved
in the generation and maintenance of visceral adipose tis-
sue Treg. In a model of diet-induced obesity, adipocyte-
specific CD40 deletion led to improved glucose tolerance
and weight gain possibly linked to increased fat oxidation.
When AdipoQ®® x CD40"" mice were bred on a pro-athero-
genic (ApoE”") background, CD40 pathway engagement on
adipocytes had multiple impacts on atherosclerosis dis-
ease parameters, culminating in a protective phenotype as
illustrated by decreased plaque area. Adipocyte CD40-defi-
cient animals displayed increased myelopoiesis and lym-
phopoiesis, smaller atherosclerotic plagque area but,
surprisingly, the necrotic area in the plaques was increased.
Monocytes obtained from AdipoQ°® x CD40™"" ApoE~- mice
had improved chemotaxis towards CCL2, suggesting po-
tentially increased plaque recruitment.

Taken together these data suggest a major role of CD40 in
both hematopoiesis and immune cell functions. However,
precisely how cholesterol or lipid metabolism, altered in
metabolic diseases, could affect CD40 signaling in adipo-
cytes and its interaction with CD40L remains to be estab-
lished. Likewise, Reiche et al. documented increased bone
marrow adipocyte area in AdipoQ°*® x CD40" " mice, but the
molecular mechanisms underlying the role of CD40 in bone
marrow-adipocyte interactions are yet to be identified.
Furthermore, mechanisms linking adipocyte CD40 to
monocyte migration or T-cell activation in adipose tissue,
and whether these lead to the production of a specific set
of cytokines, require further investigation. In both models
of obesity and atherosclerosis, increased T-cell activation
and plasma interferon-y were observed in AdipoQ°®® x
CD40%"" mice, in comparison to littermate control animals,
suggesting a rather inhibitory role of adipocyte CD40 on T-
cell activation. T cells play a major role during atheroscle-
rosis development. While Th1 cell-derived interferon-y and
tumor necrosis factor-a are detrimental, Treg play a benefi-
cial role through the production of interleukin-10.° It was
demonstrated that T-cell activation during atherosclerosis
depends, at least partially, on the presentation of ApoB-
derived peptides by MHC-II. Whether adipocyte CD40 is
required for optimal T-cell activation in this context re-
mains to be defined.
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Figure 1. Effects of CD40 deficiency in adipocytes on hematopoiesis and cardiometabolic diseases Mice lacking CD40 in mature
adipocytes had decreased bone marrow hematopoietic stem cells and altered B- and T-cell homeostasis with reduced B-cell
counts and increased T-cell activation. These changes were associated with elevated bone marrow adiposity and plasma
corticosterone levels. In a model of obesity induced by a high-fat diet, adipocyte-specific CD40 deficiency ameliorated weight
gain and glucose tolerance, in line with increased fat oxidation. In an atherosclerosis-prone genetic mouse model, adipocyte-
specific CD40 deficiency enhanced hypercholesterolemia-induced myelopoiesis and lymphopoiesis, and resulted in smaller
atherosclerotic plaques but larger necrotic cores. The more activated phenotype of T cells in adipocyte CD40-deficient mice may
eventually aggravate cardiometabolic diseases. HFD: high-fat diet; HCD: high-cholesterol diet; IFN: interferon; TNF: tumor

necrosis factor; IL: interleukin.

In mammals, three major adipocyte subsets have been
identified: namely white, beige and brown adipocytes.
White adipocytes are implicated in energy storage and
mobilization upon nutrient deprivation, while brown and
beige adipocytes are involved in non-shivering thermogen-
esis during cold exposure, a process heavily relying on their
Ucp1 expression. In the study by Reiche et al., a pan-adi-
pocyte CD40 deletion strategy was achieved. Whether CD40
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plays a different role in different adipocyte subsets remains
to be defined.
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