
B1-/- and WT mice (figure 6).

Discussion

We hypothesized there might exist either hypothalamic wiring abnormalities or differential expression of

energy-metabolism neuromodulators in the hypothalamus of B1-/- mice that could contribute to their

“lean” phenotype. We thus chose to test the hypothesis by evaluating the expression of metabolism-related

neuromodulators locally, in specific hypothalamic nuclei. In fact, the optical microdensitometry method has

revealed a higher density of CART mRNA and CART-immunoreactive cells in the PeF area of the LHA.

It was reported that B1 mRNA is overexpressed in the hypothalamus of leptin-deficient ob/ob mice in

comparison to lean litter mates [28] and that mice lacking both leptin and B1 receptors(ob/ob-B1-/-) are

more sensitive to exogenous leptin treatment then mice lacking only leptin [7], indicating that the B1

receptor is somehow related to the hypothalamic control of energy balance. These observations seem to

corroborate our finding that the B1 receptor gene deletion modifies the hypothalamic CART framework

that participates in energy metabolism modulation.

At the LHA, CART is known to be co-expressed with melanin concentrating hormone (MCH), a

neuropeptide that has an orexigenic role at this area - a paradox that might be resolved by the hypothesis

that CART is not anorexigenic at this site and may be involved in other physiological processes [27].We

sought to know which other CART-involved process - besides the regulation of food intake - could also

impact body weight. It seemed noteworthy that the CART neuropeptide was discovered while screening

the striatum for cocaine and amphetamine regulated genes and its activity is correlated to the behavioral

effects of psychostymulants (for a review see [29]).

While the exact physiological role of CART expressing neurons in the PeF area is still quite vague, the

sending of inputs from these neurons to the ventral tegmental area (VTA) - a component of the mesolimbic

system - is suggestive of a role in the modulation of reward and reinforcement systems that control

motivational behavior [30].

Furthermore, most drugs causing drug addiction act by increasing dopamine release in the mesolimbic

circuit, interfering with the normal functioning of this ancient reward system; the wiring of which has

evolved to control - among other things - food seeking behavior which in turn impacts every other behavior
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involving energy expenditure (for a review focusing on the role of reward in feeding and appetite the reader

is referred to [31]).

In the VTA in particular, the CART peptide seems to act as a potent stimulator of locomotor activity and

conditioned place preference [32,33], a form of pavlovian conditioning also elicited by addictive drugs [34].

It is thought that the behavioral effects of CART activity in the VTA occur by CART directly stimulating

dopaminergic neurons or indirectly un-inhibiting gamma-amino-butyric-acid-ergic interneurons [35]. A

facilitated capacity to reduce dopamine availability, could counter the feeding reward effect, and contribute

to diet-induced-obesity resistance in B1-/- mice.

It seemed plausible that the increased mean number of CART-producing cells in the PeF of B1-/- mice

presumably would cause increased CART stimulation in the VTA and consequent increased basal

locomotor activity in comparison to WT counterparts. Higher locomotor activity in turn could lead to less

energy accumulation in fat stores and contribute to the “leaner” B1 phenotype.

It was observed, however, that the B1-/- mice do not move significantly more than control mice in normal

circumstances of chow diet. This could indeed be expected from the fact that the “lean” phenotype is

observable only when these mice are challenged with a HFD. HFD seems to promote increased energy

expenditure and lower feed efficiency (body weight gain/energy consumed) in B1-/- in comparison to WT

mice as revealed per calorimetric observations [7]. In fact, it is known that HFD increases CART

expression in hypothalamic tissue extracts in 30% [36], presumably as a compensatory mechanism to

maintain body weight. Thus, new experiments treating WT mice with HFD and B1 receptor antagonists

while evaluating the expression of neuropeptides NPY and CART will be essential to clarify the issue of

whether the B1 recepor signaling cascade affects CART expression in HFD.

The major component of daily energy expenditure is resting energy expenditure (REE) and it is possible

that populational variance in REE is genetically determined [37]. Nonetheless, while many genes have been

implicated in obesity, no simple mendelian inheritance pattern seems to account for the whole diversity of

obesity related phenotypes [38]. A multitude of genes seems to be related to obesity. The correlation of the

B1 receptor gene to an obesity resistance phenotype might be due to, or have a contribution from the

influence on the hypothalamic CART expression pattern.

The finding that genetic manipulation of B1 receptors affects CART neurons comes as a surprise and seems
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to indicate there is a gene-regulatory coupling between these gene systems. We speculate the B1 gene

ablation disturbs the CART-mediated energy-expenditure adaptation mechanism that exists in wild type

mice allowing them to gain weight in conditions of HFD.

The idea that CART has a role in the B1-/- “lean” phenotype seems likely in the face of knowledge that

CART expression is reduced in situations where energy expenditure is decreased as discussed in a recent

study in which a screening for genetic influences on energy expenditure of obese individuals was performed.

The authors isolated three CART single-nucleotide polymorphisms related to differential energy

expenditure [39]. Furthermore, a mutation preventing the conversion of the pro-CART peptide into its

mature bioactive form is correlated to at least one form of familial obesity in humans - presumably

decreasing resting metabolic rates [40,41].

Conclusions

The data presented in this work show for the first time a change in the LHA-CART expression related to a

diet-induced-obesity resistance phenotype and seems to corroborate previous indications that CART is not

a solely anorectic peptide in the hypothalamus. The observations here presented also corroborate previous

indications that the B1-receptor-triggered mechanism impinging on body weight is not (solely at least)

peripheral.

This work sets a precedent for investigation of putative gene-regulatory relationships between the kinin B1

receptors and pro-energy-expenditure CART neuropeptides in the hypothalamus and mesolimbic systems.

Finally, the study furthers the possibility that B1 receptor might be useful as target for anti-obesity drug

development.
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Figures
Figure 1 - NPY mRNA expression in the ARC.

A): Representative photomicrographs showing the NPY mRNA hybridization probe distribution across the

ARC. Scale bars = 200µm. 3v = third ventricle, ARC = arcuate nucleus. B): Semiquantitative
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comparison of NPY mRNA expression. Data are expressed as means ± SEM (n = 5 WT and 5

B1-/-).*p<0.05. IOD = integrated optical density.

Figure 2 - CART mRNA expression in the ARC.

A): Representative photomicrographs showing the CART mRNA hybridization probe distribution across

the ARC. Scale bars = 200µm. 3v = third ventricle, VMH = ventromedial nucleus. B): Semiquantitative

comparison of CART mRNA expression. Data are expressed as means ± SEM (n = 5 WT and 5 B1-/-).

*p<0.05. IOD = integrated optical density.

Figure 3 - CART mRNA expression in the PVH.

A): Representative photomicrographs showing the CART mRNA hybridization probe distribution across

the PVH.Scale bars = 200µm. 3v = third ventricle, PVH = paraventricular nucleus. B): Semiquantitative

comparison of CART mRNA expression. Data are expressed as means ± SEM (n = 5 WT and 5 B1-/-).

*p<0.05. IOD = integrated optical density.

Figure 4 - CART mRNA expression in the LHA.

A): Representative photomicrographs showing the CART mRNA hybridization probe distribution across

the LHA and Nissl-stained anatomical references. Scale bars = 200µm. ARC = arcuate nucleus, VMH =

ventromedial nucleus, fx = fornix. B): Semiquantitative comparison of CART mRNA expression. Data are

expressed as means ± SEM (n = 5 WT and 5 B1-/-).*p<0.05. IOD = integrated optical density.

Figure 5 - CART peptide expression in the LHA.

A): Representative photomicrographs showing the CART immunoreactivity across the LHA. Scale bars =

200µm. fx = fornix. B): Quantitative comparison of CART expressing cells. Data are expressed as means

± SEM (n = 5 WT and 5 B1-/-).*p<0.05.

Figure 6 - Spontaneous locomotor activity in WT and B1 knockout mice.
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