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Nesfatin-1 puts the brakes on reward-based feeding
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The increasing prevalence of obesity is a significant public health
concern, as it is associated with an increased risk of diabetes, heart
disease, and stroke. Dysregulated feeding is a primary factor that
contributes to obesity [1]. Food intake is controlled by both our
caloric needs (homeostatic feeding) and our wants (reward-based
feeding). Homeostatic feeding is primarily regulated by the
hypothalamus, whereas reward-based feeding involves the
mesolimbic dopamine system [2]. Previous research has focused
on identifying the hunger and satiety signals within these systems
[2]. This past decade has seen an emerging interest in the
anorexigenic properties of the peptide nesfatin-1, which is a
cleavage product of the protein nucleobindin-2 [3]. Endogenous
nesfatin-1 levels remain low during fasting and increase after
feeding [3]. Nesfatin-1 has primarily been studied for its role
within the homeostatic feeding system, as it is highly expressed in
the hypothalamus [3]. However, nesfatin-1 is also expressed in
reward-related brain regions [4], though it is unclear how nesfatin-
1 regulates reward-based feeding.

In their recent Neuropsychopharmacology article, Dore et al. [5]
examined how nesfatin-1 influenced reward-based feeding using
both operant tasks and preference assays. In the first set of
experiments, they probed whether nesfatin-1 regulates the
motivation to work for sucrose rewards. Mice were trained to
lever press for the rewards under a progressive ratio reinforce-
ment schedule, a common behavioral procedure for examining
motivation. Intracerebroventricular (i.c.v.) injections of nesfatin-1
dose-dependently reduced the number of sucrose rewards earned
under this reinforcement schedule. In contrast, i.c.v. injections of
nesfatin-1 did not affect lever pressing or sucrose rewards earned
when mice were trained using a low-effort fixed-ratio 1 reinforce-
ment schedule. These data highlight that the central effect of
nesfatin-1 on reward-based feeding is specific to high-effort tasks.

The mesolimbic dopamine system controls high-effort beha-
viors [6]. As such, Dore et al. examined whether the central effects
of nesfatin-1 on motivation are due to its actions within the
ventral tegmental area (VTA). To examine this possibility, mice
received intra-VTA injections of nesfatin-1 before working for
sucrose rewards under the progressive ratio reinforcement
schedule. Just as was found with central injections, intra-VTA
injections of nesfatin-1 reduced the number of sucrose rewards
earned. These behavioral findings suggest that nesfatin-1 inhibits
dopamine neurons. Indeed, the authors demonstrate that
nesfatin-1 is present in the VTA, and that VTA dopamine neurons
are hyperpolarized by nesfatin-1.

In the second set of experiments, Dore et al. examined the
effect of i.c.v. injections of nesfatin-1 on the preference between
different reward options using a 2-bottle choice task. They
demonstrated that nesfatin-1 injections reduced the preference
for sucrose over water. This change in preference was due to a

selective reduction in sucrose consumption, without affecting
water consumption. Therefore, nesfatin-1 does not globally impact
fluid intake, rather it selectively attenuates the consumption of
highly palatable fluids.

The final set of experiments examined the choice between
sucrose and sucralose, a non-caloric solution that mimics the taste
of sucrose. Mice reliably prefer sucrose over sucralose as there is a
caloric benefit with consuming sucrose [7]. However, when
sucralose consumption is paired with optogenetic stimulation of
VTA dopamine neurons, ad libitum fed mice will instead prefer the
sucralose + stimulation bottle over the sucrose bottle. Interest-
ingly, if the mice are fasted prior to testing, the preference for
sucralose + stimulation is lost, which likely reflects the higher
caloric needs in a fasted state. Nesfatin-1 levels are lower after
fasting and higher following feeding [3]. Therefore, high nesfatin-1
levels could mediate the preference for the sucralose + stimula-
tion bottle in ad libitum fed mice. In support, Dore et al.
demonstrate that i.c.v. injections of nesfatin-1 in fasted mice
induced a preference for the sucralose + stimulation option. These
data highlight nesfatin-1 can act centrally to bypass caloric needs
to alter reward preference.

The findings by Dore et al. illustrate a role for nesfatin-1 in the
reward-based feeding system. While intra-VTA injections of
nesfatin-1 diminished the motivation to work for sucrose in a
progressive ratio task, it remains unclear what circumstances
would induce the release of nesfatin-1 endogenously within
the VTA. Although nesfatin-1 enhanced the preference for
sucralose paired with optogenetic simulation of dopamine
neurons, these behavioral effects are likely not mediated at the
level of the VTA and could involve additional reward-related
regions such as the nucleus accumbens [8]. It is therefore
imperative to further delineate the neural systems, as well as
the specific neurons, that nesfatin-1 acts on to regulate reward-
based feeding.

Maintaining proper feeding requires both the homeostatic and
reward-based feeding systems. However, it should be noted that
these systems are not necessarily independent of one another, as
the hypothalamus sends projections to mesolimbic regions that
mediate the pursuit of food and drug rewards [9]. This study, in
combination with prior research, demonstrates that nesfatin-1
contributes to the cessation of feeding within both the homeo-
static and reward-based feeding systems [3, 5]. Moving forward, it
will be important to elucidate the influence of nesfatin-1 within
the hypothalamic projections to the reward system. Importantly,
there could be therapeutic relevance for nesfatin-1 on both ends
of the eating disorder spectrum. Increasing nesfatin-1 signaling
could prevent pathological overeating that leads to obesity,
whereas inhibiting nesfatin-1 signaling could serve as a potential
treatment for anorexia.
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