
Figure 3. Changes in the expression of circadian and synapse-associated genes after food-deprivation. (A) Gene
expression changes for core circadian genes. Left, mean expression level [log2(TPM)] of each transcript of each
experimental group. Right, log2(fold-change) and q-values for differential expression between FD and fed states
separately for AGRP and POMC neurons. (B) E-box genes differentially expressed during food-deprivation. ( C) DEG
with synapse-localized functions (Gene Ontology: 0045202). Top, AGRP neurons: FD vs fed; bottom, POMC neurons
FD vs fed. (D, E) Gene expression changes for granin genes (D) and synaptotagmins (E).
DOI: 10.7554/eLife.09800.008

The following figure supplement is available for figure 3:

Figure supplement 1. Arntl/Bmal expression in AGRP neurons.
DOI: 10.7554/eLife.09800.009
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Figure 6 . Secreted proteins regulated by food-deprivation. ( A, B) Secreted protein genes differentially expressed
between AGRP and POMC neurons (A) or AGRP or POMC neurons FD/fed (B). Genes mentioned in the text are
labeled with an asterisk. (C) Double smFISH forAgrp and Ccl17. Scale, 10� m. (D, E) Population counts (bars: mean
values) (D) and cumulative probability distributions ( E) of Ccl17 puncta per cell volume in AGRP neurons (p= 1.5eŠ20,
ks-test). Fed, n= 144; FD, n= 230; 3 mice per condition. (F) Food intake at start of light period 1-hr and 2-hr after
Figure 6. continued on next page
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In addition, overexpression of the constitutively active Gs-protein-coupled Gpr6 in AGRP neurons
led to a significant increase in body weight. A similar role may extend to other constitutively active
Gs-protein-coupled receptors that are upregulated by energy deficit, such as Gpr3 and Gpr64, and
this effect is likely enhanced by the concomitant fall in Gi-protein coupled receptor expression.
Interestingly, we noted that Hrh1 and Hrh3 are sharply reduced in AGRP neurons during energy
deficit, indicating reduced responsiveness to histamine. Because GPCRs are of considerable interest
as targets for drug development, this resource of AGRP and POMC neuron-expressed GPCRs
provides multiple possibilities for modulating the function of these key energy homeostasis-regulating
neuron populations.

Neuropeptide genes were strongly differentially expressed in AGRP neurons. Ccl17 has not been
functionally investigated in the brain, but it was highly increased by food-deprivation as confirmed by

Figure 7. Secreted proteins that are downregulated in AGRP neurons with food-deprivation reduce food intake. ( A–F) Double smFISH forAgrp and (A)
Bmp3 or (D) Cbln4. Scale, 10� m. Population counts (B, E) and cumulative probability distributions ( C, F) for Bmp3 and Cbln4 (p = 9e−12 and p = 6.8e−17,
ks-test).Bmp3 fed, n = 142; Bmp3 FD, n = 157 cells;Cbln4 fed, n = 145; Cbln4 FD, n = 132; 3 mice per condition. (G) Mean food intake (24 hr) after
intracerebroventricular injection of either saline or recombinant BMP3 (ANOVA, F 2,24 = 7.5, p = 0.003), CBLN4 (ANOVA, F2,24 = 8.0, p = 0.002), ENPP2
(ANOVA, F2,27 = 7.3, p = 0.003), or Pleiotrophin (unpaired t-test). Holm-Sidak correction for multiple comparisons. Data is mean ± s.e.m. n.s., p > 0.05,
*p < 0.05, **p < 0.01, ***p < 0.001.
DOI: 10.7554/eLife.09800.015
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(ANOVA). Post hoc multiple comparisons used Holm-Sidak correction. Statistical analyses were
performed using Origin, Matlab, or SigmaPlot. Values are means ± s.e.m, unless otherwise noted. n.s.,
p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001.
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RNA-Seq data is available at GEO, accession number GSE68177.
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