Immune licensing of exercise: B cells wire a liver—-muscle glutamate axis
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B cells are emerging as regulators of physiology beyond humoral immunity, A recent work by Mao et al.
(2026) shows that B cell-derived TGF-B1 induces a hepatic GLS2/SEC7AS glutamine-handling program
that sustains circulating and skeletal muscle glutamate levels, thereby supporting skeletal muscle calcium
signaling and mitochondrial fitness and ultimately enhancing physical performance.

Immunology and exercise physiology have Mistorically advanced along partly separate tracks,
despite longstanding evidence that exercise reshapes immune pathways (Gleeson et al., 2011; Langston
and Mathis, 2024). Immune responses towexercise were characterized largely through blood-based
readouts of physiological stress, including€xercise-induced leukocytosis, neutrophilia, and monocytosis,
preferential mobilization of natural’killer cells and cytotoxic T-cell subsets, post-exercise lymphocyte
redistribution, and circulating-€ytokine responses such as IL-6, IL-8, IL-10, and IL-1 receptor antagonist
(Nieman et al., 2001; Peake et al., 2017; Graff et al., 2018; Langston and Mathis, 2024). More recent
work has moved the field beyond this responder-centered view by showing that immune cells and
cytokine circuits_can.actively shape skeletal muscle adaptation; for instance, exercise-induced muscle
Tregs restrain “interferon-y-driven mitochondrial damage and support training-associated gains in
physical performance, while IL-13 signaling promotes fatty acid oxidation, mitochondrial respiration,
andendurance capacity through the muscle IL-13—STAT3 axis (Knudsen et al., 2020; Becker et al., 2023;
Langston et al., 2023). Yet, these studies primarily focused on local immune regulation of exercise-
induced muscle stress, inflammation, regeneration, and training adaptation. What remains underexplored
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is whether immune cells can regulate intrinsic exercise capacity through an immune-independent
pathway. Mao et al. (2026) identify B cells, best known for their roles in humoral immunity, as regulators
of exercise capacity through a non-canonical liver—muscle metabolic axis rather than through their
classical immune functions. They show that B cell-derived TGF-B1 reprograms hepatic glutamine
catabolism and the glutamine antiport, thereby preserving skeletal muscle calcium signaling and
mitochondrial fitness, ultimately enhancing exercise performance (Figure 1; Mao et al., 2026).

The study first establishes a robust physiological phenotype. Anti-CD20-mediated B cell depletion
and genetic B cell deficiency both reduced treadmill endurance, rotarod performance, grip strength, and
open-field locomotion. B cell loss was also associated with reduced energy expenditure, altered substrate
utilization, and impaired skeletal muscle mitochondrial abundance and ultrastructure. Exercise=induced
CaMKII and p70S6K phosphorylation in gastrocnemius and quadriceps was attenuated in the absence of
B cells, whereas cardiac morphology/function and capillary density in the heart and sk¢letal muscle were
largely preserved. This separation argues against a simple global frailty or cardiovaseular limitation and
supports a more selective B cell-dependent physiological support pathway.

Glutamate provides the clearest metabolic link between B cell status.and exercise performance.
Among the amino acids profiled, glutamate fell in the serum and rose in‘the skeletal muscle after exercise
in wild-type mice, whereas B cell deficiency depressed glutamate innboth compartments at baseline and
after exertion. Glutamate supplementation restored exercise performance, improved the distribution of
lean and fat mass, increased the respiratory exchange ratio, and rescued the fall in energy expenditure
caused by B cell loss. Accordingly, glutamate serves asta functional mediator of B cells.

The liver sits at the center of this axis. Stable isotope tracing with labeled glutamine showed that B
cell deficiency impaired hepatic glutamine-to-glutamate conversion and reduced glutamine-derived
glutamate labeling in the liver, serum,sand skeletal muscle, while local skeletal muscle glutamine
catabolism showed no corresponding-defect. This hepatic defect mapped to the loss of GLS2 and
SLC7AS expression, both of‘which were restored by TGF-1 treatment. SMAD2/3 enrichment at the
GLS2 and SLC7AS5 promoters, coupled with the near-complete loss of TGF-B1-mediated rescue in
hepatocyte-specific GES2/SLC7AS double-knockdown mice, provides compelling support for a TGF-
B1-dependent hepatic.transcriptional mechanism. These findings define the liver as a TGF-B1-responsive
metabolic relayythrough which B cells transcriptionally control glutamine handling and sustain glutamate
availability in the circulation and the skeletal muscle.

At the'skeletal muscle end of the axis, glutamate functions as a signal metabolite rather than merely
as a metabolic substrate. The serum from mice with higher B cell abundance increased calcium sparks in

C2C12 myotubes, and direct glutamate exposure enhanced calcium responses and CaMKII
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phosphorylation in both C2C12 and primary myotubes. In vivo, glutamate administration restored
skeletal muscle ATP levels, mitochondrial DNA copy number, and mitochondrial abundance in the
setting of B cell loss, while direct glutamate treatment increased oxygen consumption in cultured
myotubes. By contrast, direct intramuscular administration of TGF-B1 failed to increase muscle
glutamate, activate CaMKII or p70S6K, or improve exercise performance, indicating that TGF-B1 acts
upstream through the liver rather than directly on the muscle.

Therefore, Mao et al. (2026) divide the control of exercise capacity into two tightly coupled layers,
one in which B cells sustain a hepatic TGF-B1 and GLS2/SLC7AS5 program that preserves glutamate
availability, and the other in which the skeletal muscle converts the glutamate signal into caleium-
dependent mitochondrial biogenesis (Figure 1).

This study broadens current ideas in exercise immunology rather than sitting outside them: Prior
work has shown that immune and stromal cells regulate local skeletal muscle adaptation to exercise
(Knudsen et al., 2020; Saito et al., 2020; Becker et al., 2023; Langston et al., 2023), whil€ recent studies
reveal coordinated exercise-induced remodeling of plasma and muscle amino acid metabolism and
immune-related transcriptional programs (Han et al., 2023) and highlight-the.bidirectional liver—muscle
communication through hepatokines and myokines (Chen et al., 2023):»Mao et al. (2026) add a novel
upstream adaptive immune layer, in which B cells sustain a liversdependent metabolic context that
permits efficient exercise performance. In this sense, the work reframes B cells from humoral immune
effectors to metabolic regulators of whole-body performance.

The translational implications are particularly.relevant to oncology, where B cell-directed therapies
are widely used in B cell malignancies and, more broadly, B cell depletion has become an established
therapeutic strategy across immune-mediatéd diseases (Salles et al., 2017; Schett et al., 2024). Mao et al.
(2026) do not show that anti-CD20 therapy impairs exercise capacity in patients, and direct human
physiological validation remains 1acking. Nonetheless, their findings suggest that B cells preserve a
metabolic component of physical fithess that may be disrupted by B cell-targeted treatment. Future
clinical studies should determine whether the circulating glutamate, glutamine-to-glutamate metabolism,
or hepatic GLS2/SLCT7AS activity changes after B cell-directed therapies and whether the changes
correlate with fatigue, skeletal muscle dysfunction, or rehabilitation outcomes. Because glutaminolysis
also releases.ammonia, and the liver and muscle jointly maintain ammonia detoxification and glutamine
homeostasis (Chen et al., 2025), parallel measurement of nitrogen handling may clarify the physiological
limits of this pathway in liver dysfunction or cancer. Accordingly, these findings should not be

interpreted as supporting systemic TGF-1 or glutamate supplementation in patients with cancer, given
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the complex and context-dependent roles of TGF-B signaling and amino acid metabolism in tumor

progression and therapeutic response.
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Figure legend
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Figure 1 B cell-derived TGF-B1 enhances exercise performance threugh a liver—muscle glutamate axis.

B cell-derived TGF-B1 activates hepatic TGF-B signaling. and promotes SMAD2/3-dependent

transcriptional upregulation of hepatic GLS2 and SLC7AS5 mRNA, leading to increased GLS2 and

SLC7AS protein expression. In hepatocytes, GLS2 promotes glutamine-to-glutamate conversion, while

SLC7AS supports glutamine antiport, thereby<contributing to peripheral amino acid availability and

skeletal muscle glutamate accumulation.<In the’skeletal muscle, increased intracellular glutamate

promotes Ca?" signaling, leading to “incteaséd phosphorylation of CaMKII and p70S6K, thereby

enhancing mitochondrial quality and-biogenesis, ultimately improving exercise performance. Created

with BioRender.com.
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