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A fast way to lose antibodies
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Long-lived plasma cells maintain antibody titers that sustain humoral immunity, yet the physiological cues
regulating their persistence remain incompletely understood. In this issue of Immunity, Zhu et al. reveal
that fasting-induced g-hydroxybutyrate destabilizes bone marrow plasma cell niches through HCAR2
signaling, accelerating the loss of long-lived plasma cells and humoral immunity.

Immunological memory is often viewed as
a durable achievement of the adaptive im-
mune system. Following infection or
vaccination, long-lived plasma cells
(LLPCs) persist in the bone marrow and
continuously secrete antibodies, main-
taining protective titers for years or even
decades.”? This capacity underlies the
remarkable success of vaccines and rep-
resents one of the immune system’s most
effective defenses. However, despite
their longevity, plasma cells occupy a pre-
carious niche. As terminally differentiated
cells devoted almost entirely to antibody
secretion, they rely heavily on specialized
bone marrow environments that provide
survival signals and structural support.**
The physiological conditions that might
threaten the persistence of these long-
lived effectors of humoral immunity have
remained largely unclear.

In this issue of Immunity, Zhu and col-
leagues uncover an unexpected vulnera-
bility of humoral immune memory: meta-
bolic signals generated during fasting.”
Their study revealed that fasting can
erode established antibody responses
by triggering the depletion of bone
marrow plasma cells. The work identifies
the ketone body p-hydroxybutyrate
(BHB) as the metabolic mediator of this
process and shows that BHB acts directly
on plasma cells through the hydroxycar-
boxylic acid receptor 2 (HCAR2), destabi-
lizing their residence within the bone
marrow niche (Figure 1). These findings
reveal an unexpected connection be-
tween systemic metabolic state and the
durability of antibody-mediated immunity.

The authors first asked whether fasting
alters the maintenance of plasma cells in
bone marrow. Across several dietary
patterns, including alternate-day fasting,
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time-restricted feeding, and prolonged
fasting, they observed a significant reduc-
tion in bone marrow plasma cell numbers.
Importantly, the effect extended beyond
polyclonal populations. In vaccinated
mice, fasting similarly reduces antigen-
specific LLPCs in the bone marrow.
Correspondingly, serum antibody titers
declined more rapidly in fasted animals,
and vaccine-induced protection against
viral challenge was diminished. These
findings suggest that fasting accelerates
the decay of humoral immune memory
by destabilizing the plasma cell compart-
ment responsible for sustained antibody
production.

What mediates this effect of nutrient
deprivation on immune memory? Fasting
triggers a well-known metabolic shift in
which glycogen stores are depleted and
fatty acid oxidation increases, leading to
the production of ketone bodies in the
liver.® Among these metabolites, BHB
has emerged as a signaling molecule
capable of modulating diverse physiolog-
ical processes, including inflammation
and cellular metabolism.” Zhu et al. there-
fore investigated whether ketone bodies
generated during fasting might influence
plasma cell persistence.

Metabolomic profiling revealed a pro-
nounced increase in circulating BHB in
fasted mice, consistent with the transition
to ketogenesis. A ketogenic diet, which
elevates ketone body production even
without caloric restriction, recapitulated
the loss of bone marrow plasma cells
observed during fasting. Conversely, ge-
netic disruption of ketone body synthesis
prevented fasting-induced plasma cell
depletion. Direct administration of BHB
was sufficient to reproduce the pheno-
type, demonstrating that this metabolite
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is both necessary and sufficient to drive
plasma cell loss. These experiments iden-
tified BHB as the metabolic link connect-
ing fasting to impaired humoral immune
memory.

The authors next defined the signaling
pathway through which BHB acts on
plasma cells. In addition to serving as
an energy substrate, BHB functions as
a ligand for the G-protein-coupled recep-
tor hydroxycarboxylic acid receptor 2
(HCAR2).? Activation of HCAR?2 triggers
a signaling cascade that suppresses ad-
enylate cyclase activity and reduces
intracellular cAMP concentration.® Zhu
et al. showed that pharmacologic activa-
tion of HCAR2 with niacin phenocopied
the effects of fasting and BHB adminis-
tration, leading to reduced plasma cell
numbers and antigen-specific antibody
titers. Conversely, deletion of HCAR2
abolished plasma cell depletion induced
by fasting or BHB treatment. Genetic
and bone marrow chimera experiments
further demonstrated that this pathway
operated directly within plasma cells
themselves.

How does activation of HCAR2 ulti-
mately lead to plasma cell loss from the
bone marrow? One possibility is that fast-
ing directly induces apoptosis of these
cells. Notably, Zhu et al. found little evi-
dence for increased plasma cell death
within the bone marrow. Instead, tran-
scriptional profiling revealed enrichment
of pathways related to cell adhesion and
migration. Among the most prominently
affected molecules was CXCR4, a che-
mokine receptor that plays a central role
in guiding plasma cells to bone marrow
niches and retaining them there through
interactions with CXCL12-producing stro-
mal cells.*®
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Figure 1. Fasting-induced p-hydroxybutyrate signaling drives depletion of long-lived plasma cells in the bone marrow

Under fed conditions, glucose metabolism predominates and long-lived plasma cells (LLPCs) are maintained within specialized bone marrow niches supported
by CXCL12-producing stromal cells. CXCR4 expression on LLPCs drives their retention and survival within these niches. During fasting, fatty acid oxidation drives
ketogenesis, elevating circulating concentrations of p-hydroxybutyrate (BHB). BHB signals through hydroxycarboxylic acid receptor 2 (HCAR2) expressed on
plasma cells, inhibiting adenylate cyclase (AC) and reducing intracellular cAMP. This suppresses CXCR4 expression, disrupting niche retention and mobilizing
LLPCs into the circulation, ultimately depleting the bone marrow of antigen-specific plasma cells and eroding systemic antibody titers.

Created in BioRender. Harrison, O. (2026) https://BioRender.com/k20kvgw.

Consistent with this observation, plasma
cells from fasted or BHB-treated mice
exhibited reduced CXCR4 expression
and impaired migration toward CXCL12.
Because CXCR4 is essential for anchoring
plasma cells within protective bone
marrow niches, its downregulation pro-
motes their mobilization into circulation.
Once displaced from these supportive
microenvironments, plasma cells are
deprived of the survival signals required
for long-term persistence and are ulti-
mately lost. In this way, fasting does not
directly kill plasma cells but instead dis-
lodges them from the niches that sustain
their survival. Whether CXCR4 downregu-
lation alone is sufficient to account for
plasma cell loss, or whether additional

niche-dependent survival signals are
concurrently disrupted, remains an impor-
tant question for future investigation.

These findings underscore the impor-
tance of niche residency in maintaining
long-lived plasma cells. Bone marrow
niches provide a constellation of survival
cues, including cytokines and stromal in-
teractions, that collectively sustain
plasma cell persistence.”'® By linking
metabolic signals to the stability of these
niches, Zhu et al. have revealed an un-
expected mechanism through which sys-
temic physiology can shape the longevity
of humoral immunity.

The authors extended these observa-
tions beyond mouse models by exam-
ining the impact of fasting on human

volunteers. Individuals undergoing struc-
tured fasting regimens displayed elevated
circulating BHB together with modest de-
clines in antibody titers against several
previously encountered viral antigens.
Short-term fasting was also associated
with increased numbers of circulating
plasma cells, consistent with mobilization
from bone marrow niches. Although the
magnitude and long-term implications of
these effects remain to be determined,
several questions warrant further consid-
eration. The human studies are neces-
sarily correlative, and it remains unclear
to what extent transient metabolic fluctu-
ations during fasting are sufficient to
meaningfully impact long-lived plasma
cell persistence over time.
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More broadly, this work adds an
important dimension to the growing field
of immunometabolism. Metabolic sig-
nals are increasingly recognized as key
regulators of immune cell activation
and differentiation, yet most studies
have focused on early immune re-
sponses. Zhu et al. extend this para-
digm by demonstrating that metabolic
cues can also regulate the long-term
maintenance of immunological memory
itself. In doing so, they reveal that hu-
moral immunity, often considered one
of the most stable arms of the immune
system, can be vulnerable to systemic
metabolic fluctuations.

These findings also raise intriguing
translational possibilities. Nutritional inter-
ventions such as fasting and ketogenic di-
ets have attracted attention for their po-
tential health benefits, including weight
loss and improved metabolic control.
The present study suggests that such in-
terventions may also carry unintended
immunological consequences. If elevated
ketone bodies destabilize plasma cell
niches, prolonged or repeated fasting
could potentially accelerate the decay of
vaccine-induced antibody responses.
Although further work will be required to
determine the clinical relevance of these
findings, the study underscores the
importance of considering metabolic
context when evaluating the durability of
protective immunity.

At the same time, the pathway identi-
fied by Zhu et al. may offer therapeutic op-
portunities. In autoimmune diseases
driven by pathogenic antibodies, long-
lived plasma cells are notoriously resis-
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tant to depletion. The discovery that
metabolic signals can mobilize plasma
cells from their survival niches suggests
a potential strategy for destabilizing these
otherwise persistent populations. Manip-
ulating the BHB-HCAR2-CXCR4 axis
might therefore offer a new approach for
targeting autoreactive plasma cells in
autoantibody-mediated disease.

Taken together, the findings of Zhu and
colleagues reveal a previously unrecog-
nized regulatory axis linking systemic
metabolism to humoral immune memory.
By showing that fasting-induced ketone
bodies can destabilize plasma cell niches
and accelerate antibody decay, this work
challenges the notion that established hu-
moral immunity is metabolically insulated.
As interest in dietary interventions con-
tinues to grow, the study serves as a
reminder that when it comes to immune
memory, fasting may indeed be a fast
way to lose antibodies.
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