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Cooperative tanycytes fuel the neuronal tank
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The role of tanycytes

in metabolic control

Proper crosstalk between the periphery and
the central nervous system is crucial for an
organism to maintain stable energy sup-
plies throughout all tissues. Indeed, impair-
ments in related communication channels
lead to metabolic disorders such as obesity
and type 2 diabetes (T2D) (1). The arcuate
nucleus of the hypothalamus (ARH), which
lies just adjacent to the median eminence,
plays a prominent role in energy balance
control. The strategic location of the hypo-
thalamus provides wide access to nutrient
and hormonal signals arriving through
the portal capillaries, allowing ARH neu-
rons to monitor and integrate metabolic
cues conveying information on systemic
energy status (1). While hypothalamic pro-
opiomelanocortin (POMC) and agouti-
related peptide-expressing (AgRP-express-
ing) neurons are well-known key elements
of the metabolic transponder system, other
resident cell types have been recently rec-
ognized as active players in this intricate

Tanycytes are specialized radial glial cells of the hypothalamus that have
emerged as important players that sense and respond to fluctuations in
whole-body energy status to maintain energy homeostasis. However,
the underlying mechanisms by which tanycytes influence energy balance
remain incompletely understood. In this issue of the JC/, Lhomme et

al. used transgenic mouse models, pharmacological approaches, and
electrophysiology to investigate how tanycytes sense glucose availability
and integrate metabolic cues into a lactate tanycytic network that fuels
pro-opiomelanocortin (POMC) neuronal activity. Notably, the authors
found that the tanycytic network relied on monocarboxylate transporters
and connexin-43 gap junctions to transfer lactate to POMC neurons.
Collectively, this study places tanycytes at the center of the intercellular
communication processes governing energy balance.

biological process (2). An intriguing case is
that of the tanycytes, which have versatile
and diverse relevant functions related to
energy homeostasis (3).

Tanycytes are specialized radial glial
cells that line the third ventricle floor (3V)
of the tuberal hypothalamus, forming a
physical interface between the cerebrospi-
nal fluid (CSF) and blood. Because of their
unique anatomical location, tanycytes are
considered nutrient-sensing units capable
of perceiving systemic metabolic changes
and responding accordingly. Previous stud-
ies have shown that the organismal nutri-
tional status directly modulates tanycytic
architecture and functionality to facilitate
the access of metabolic hormones to hypo-
thalamic neurons (4-6). Tanycytes also
respond to glucose fluctuations via dedicat-
ed transporters (GLUT1 and GLUT2) and
by generating ATP-mediated Ca® waves
that are thought to influence hypothalam-
ic neuronal activity (7, 8). Importantly, the
expression of monocarboxylate transport-
ers (MCTs) by tanycytes led to the specula-
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tion that metabolic byproducts of glucose
breakdown (e.g., lactate) could act as surro-
gate signals for nearby neurons (9, 10) in a
manner similar to that of the astrocyte-neu-
ron lactate shuttle, whereby astrocytes con-
sume glucose and secrete lactate, which
is subsequently taken up by neurons (11).
However, the validity of this hypothesis
and its potential physiological importance
in relation to energy homeostasis have not
been formally addressed. In this issue of
the JCI, Lhomme et al. show that a network
of tanycytes acted collectively to produce
and transfer lactate (as a proxy for CSF and
blood-borne glucose levels) that ended up
fueling the activity of nearby POMC neu-
rons. The POMC neurons, in turn, modulat-
ed energy homeostasis (ref. 3 and Figure 1).

Tanycytes sniff glucose status
to fuel POMC neurons

In a series of in vitro experiments using
primary cultures, Lhomme and collabora-
tors found that tanycytes metabolized glu-
cose in the form of lactate and expressed
functional MCTs, which are necessary for
lactate release. In addition, POMC neuro-
nal activity was induced and maintained
by lactate, rather than glucose, via MCTs.
To directly test the hypothesis that tanycy-
tes shuttle lactate to POMC neurons, the
authors elegantly dialyzed tanycytes with
lactate while simultaneously recording
the electrophysiological activity of distant
POMC neurons (3). This setup, combined
with pharmacological modulation of lac-
tate production or transport, indicated that
tanycytic-derived lactate was delivered via
MCTs, thereby influencing and sustaining
the firing of POMC neurons. Genetic MCT
knockdown in tanycytes or POMC neurons
impaired energy balance, highlighting the
importance of the tanycytic lactate shut-
tle to maintain POMC neuron activity and
whole-body energy balance.

By serendipity, during the paired tany-
cyte-neuron recordings, Lhomme and
colleagues observed that fluorescent dyes
diffused from the patched tanycyte, sug-
gesting that this cell type was organized
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in interconnected functional commu-
nities. Indeed, subsequent experiments
demonstrated the existence of an intricate
gap-junctional tanycytic network mediated
by connexin-43 (Cx43). Deletion of Cx43
in hypothalamic tanycytes attenuated the
intercellular diffusion of dyes and energy
metabolites and decreased spontaneous
firing of POMC neurons. From a physio-
logical perspective, mice lacking tanycytic
Cx43 had a reduction of ARH lactate con-
tent (after peripheral glucose administra-
tion) that was associated with hyperphagia
and weight gain. These results suggest that
the tanycytic connexin-mediated network
drives lactate dynamics and the subse-
quent modulation of POMC neuron func-
tion and energy metabolism.

Implications, questions,

and future directions

As usually happens, challenging research
raises many questions. The study by Lhom-
me et al. places tanycytes at the center of

:

the intercellular communication processes
that interact with the hypothalamic circuits
implicated in energy homeostasis control
via the sensing of glucose fluctuations and
translation of this information into a lactate
shuttle that culminates in the modulation of
POMC neuronal firing (Figure 1 and ref. 3).
A pertinent question is whether this lactate
shuttle is an exclusive mechanism for the
signaling and fueling of POMC neurons,
or whether it also engages other types of
neurons. Although this question remains
unanswered, a recent report has shown
that optogenetic stimulation of tanycytes
also activates AgRP neurons, revealing an
intimate connection with this neuron type
as well (12). This finding suggests that tany-
cytes are able to establish direct or indirect
interactions with diverse types of neurons.
Other interesting questions arise regarding
the main source of lactate for neurons: the
classic astrocyte-neuron shuttle. What is
the difference, in terms of neuronal activity
modulation, between astrocyte- and tanycy-
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Figure 1. Schematic illustration of the tany-
cytic lactate shuttle fueling POMC neuronal
activity. Tanycytes lining the 3V wall sense
peripheral glucose levels and extend projections
to the ARH parenchyma. The study by Lhomme
et al. (3) shows that glucose sensing in tany-
cytes (brown cells) is translated into a lactate
signaling pool that travels throughout a tany-
cytic network via Cx43 gap junctions to magnify
metabolic signaling efficiency. Lactate is trans-
mitted via MCTs to POMC neurons, where it is
converted to energy (ATP) to induce and sustain
POMC neuronal firing. How communication
between tanycytes and hypothalamic neurons
occurs in the presence of other metabolites
(e.g., amino acids and fatty acids) and how the
pathway responds under pathophysiological
conditions (e.g., obesity and T2D) remain to be
elucidated. FFAs, free fatty acids.

te-mediated processes? Is there a functional
compartmentalization or, instead, a syn-
ergic tanycytic-astrocytic communication
network that strengthens neuronal fueling?

A remarkable finding by Lhomme et al.
is that tanycytes are organized in intercon-
nected functional communities (3). This
observation prompted the speculation that
intercellular tanycytic communication may
serve as a mechanism to magnify and syn-
chronize glucose-sensing responses. Sim-
ilar operational cellular consortiums have
also been described to participate in the
astrocytic propagation of signal to maintain
hippocampal neuronal function (13) or the
coordination of electrical activity and insulin
release within pancreatic islets (14). In the
pancreatic context, it has been proposed that
specific cellular hubs initiate and exert con-
trol over follower cells (15). Accumulating
data support the notion that tanycytes form
a heterogeneous population of cells charac-
terized by distinct transcriptomic profiles,
neurogenic potential, and marker expres-
sion (16). It is therefore likely that this cellu-
lar consortium involves diverse subpopula-
tions of tanycytes that may well have defined
functions (i.e., hubs) to sense glucose and
transmit lactate. Delineating the mecha-
nisms underlying these coordinated behav-
iors will be crucial to further understand how
the brain senses nutrients and engages the
appropriate downstream effectors.

It is important to note that tanycytes
not only sense glucose, but are also able
to detect other molecules including amino
acids, fatty acids, hormones, and vitamins
(17). Whether the sensing of these factors
is also disseminated to other hypothalamic
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cell types via metabolic proxies and similar
gap junction networks remains unknown.
Considering that tanycytes are ideally
positioned to sense nutrient and hormone
variations at the CSF-blood interface, the
use of surrogate communication signals is
a reasonable strategy to convey the other
metabolically relevant substrates.

Finally, the specific physiological and
pathophysiological relevance of the findings
presented by Lhomme and collaborators
remains enigmatic (3). Given the complexity
associated with adequate discrimination and
monitoring of nutrients, it is likely that the
tanycytic networks cooperate with parallel
hypothalamic and extrahypothalamic sur-
veillance systems that sense glucose, certain
fatty acids, or amino acids. Such redundancy
and complementarity would provide robust
and precise detection of nutrients. However,
can a Western lifestyle affect the function
and accuracy of tanycyte nutrient sensing
and the lactate shuttle? Excessive high-fat
diet consumption damages the blood-brain
barrier and triggers inflammatory respons-
es in the hypothalamus (18) that have been
associated with an early loss of the structural
organization of tanycytes (19). It is there-
fore plausible that obesogenic diets might
disturb tanycyte-mediated nutrient sensing
and tanycyte-neuron communication and
could actually contribute to the etiology of
T2D and obesity. How the tanycytic network
responds in such pathophysiological condi-
tions is fundamental to better understanding
the role of this cell population in the central
control of metabolism.

Lhomme et al. unveiled a tanycyt-
ic alliance guided by the axiom that “the
whole is greater than the sum of the parts,”
which is the basis of a communication
mode between hypothalamic tanycytes
and POMC neurons for sensing and mod-
ulating energy status. This synergy adds
an additional layer of sophistication to the
mechanisms governing the central control
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of metabolism and emphasizes, once more,
that this biological process is mediated by
cooperative and interconnected modules
involving diverse cell players rather than
single neuronal units. Collectively, the
unexpected role for tanycytic networks
as sensors of the peripheral energy state
upstream of POMC neurons is very import-
ant for the evolving field of tanycyte sci-
ence and represents a formidable example
of the unlimited means of nature to find
simple solutions to complex problems.
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