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Extended Data Fig. 2 | Validation of Per-Cre-mediated deletion of Gipr in  
Chow-fed male and female C57BL6/J mice. Expression of peripherin corrected  
by the housekeeping gene peptidylprolyl isomerase A (Ppia) in hippocampus 
(n = 6), hindbrain (n = 6), hypothalamus (n = 5), sciatic nerve (n = 6), trigeminal 
ganglion (n = 6), dorsal root ganglion (n = 5) and iWAT (n = 4) of 15-week old  
male chow-fed Per-Cre+Giprwt/wt mice, and in pancreas (n = 7) of 45-week old  
male chow-fed Per-Cre+Giprwt/wt mice (a). Expression of peripherin corrected by 
the housekeeping gene Ppia in the cerebellum (n = 8), kidney (n = 8), cerebral 
cortex (n = 8), midbrain (n = 8), testis (n = 8), pituitary (n = 7), adrenal gland 
(n = 8), stomach (n = 8), duodenum (n = 8), jejunum (n = 8), ileum (n = 8),  
colon (n = 8) and trigeminal ganglion (n = 7) of 12-week old male chow-fed WT 
mice (b). Expression of Gipr in dorsal root ganglion (n = 9 WT, n = 6 KO) (c), 
hypothalamus (n = 12 WT, n = 10 KO) (d), hindbrain (n = 12 each group) (e), sciatic 
nerve (n = 12 WT, n = 10 KO) (f ), eWAT (n = 12 each group) (g) and pancreas  

(n = 12 each group) (h) of 45-week old male mice Chow-fed Per-Cre+Giprwt/wt (WT) 
and Per-Cre+Giprflx/flx (KO) mice. Expression of Gipr in the cerebellum (n = 8 each 
group) (i), cerebral cortex (n = 8 each group) ( j), pituitary (n = 7 WT, n = 8 KO) (k), 
kidney (n = 8 each group) (l), duodenum (n = 7 WT, n = 6 KO) (m), jejunum  
(n = 8 each group) (n), ileum (n = 7 WT, n = 8 KO) (o) and colon (n = 8 each group) 
(p) of 12-week old male mice Chow-fed WT and KO mice. RNAscope validation 
of Gipr deletion in trigeminal ganglion of 44-week old male chow-fed WT and 
KO mice (q) and of the DRG of 51-week old male chow-fed WT and KO mice (r). 
Data in panels q and r are representative examples of n = 3 mice each group. Data 
in panel c-f and h-p were analyzed using two-sided, two-tailed Student’s ttest, 
data in panel g were analyzed two-sided by Mann-Whitney test. Data represent 
mean ± SEM; asterisks indicate * p < 0.05; ** p < 0.01 and *** p < 0.001. Individual 
p-values are shown in the Data Source file, unless p < 0.0001. Scale bars in panel q 
and r are 5 μm.
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Extended Data Fig. 3 | See next page for caption.
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Extended Data Fig. 3 | Metabolic phenotype of HFD-fed female Per-Gipr KO 
mice. Body weight development of female C57BL6/J Per-Cre+Giprwt/wt (WT) and 
Per-Cre+Giprflx/flx (KO) mice fed with a HFD (n = 8 each group) (a). Fat and lean 
tissue mass of 35-week old female WT and KO mice (n = 8 each group) (b,c). 
Cumulative food intake of 52-week old female WT (n = 6) and KO mice (n = 7) (d). 
Energy expenditure (e), locomotor activity (f ) and respiratory exchange ratio 
(RER) (g) of 52-week old female WT (n = 6) and KO mice (n = 7). Glucose tolerance 
(h) and corresponding area under curve (AUC) (i) after i.p. dosing with 2 g/kg 
glucose in 48-week old female WT and KO mice (n = 7 each group). Glucose-
induced insulin secretion ( j) and corresponding AUC (k) after oral glucose 
bolus administration of 4 g/kg glucose in 54-week old female WT and KO mice 
(n = 6 each group). Insulin tolerance (l) after i.p. dosing with 0.75U/kg insulin 
(Humalog) in 50-week old female WT (n = 6) and KO mice (n = 8). Fasting levels of 

blood glucose (n = 8 each group) (m) and insulin (n = 6 WT, n = 7 KO) (n) in  
54-week old female WT and KO mice, as well as fasting plasma levels of 
triglycerides (n = 6 WT, n = 7 KO) (o) and cholesterol (n = 6 WT, n = 7 KO) (p) in 
55-week old female WT and KO mice. Data in panel a,c,f and g were analyzed by 
repeated measures 2-way ANOVA with Bonferroni’s post-hoc test for comparison 
of individual time points. Data in panel f, and g, were analyzed using Mann-
Whitney test. Data in panel a,d,e,h,j and l were analyzed using 2-way ANOVA 
and with Bonferroni post-hoc comparison of individual time points. Data in 
panel e was analyzed using ANCOVA with body weight as covariate. Data in panel 
b,c,i,k,m-p were analyzed using Student’s two-tailed, two-sided ttest. Data 
represent mean ± SEM; asterisks indicate * p < 0.05; ** p < 0.01 and *** p < 0.001. 
Individual p-values are shown in the Data Source file, unless p < 0.0001.
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Extended Data Fig. 4 | Absolute drug effects corresponding to Fig. 2. Body 
weight development of 47-week old male C57BL/6 J wildtype (WT) and Per-Gipr 
knockout (KO) mice treated daily with either vehicle, acyl-GLP-1 (10 nmolkg), or 
the combination of acyl-GLP-1 (10 nmol/kg) and a GIPR antagonist (1,500 nmol/
kg) (n = 8 each group) (a). Body composition (n = 8 each group) 47-wk old male 
C57BL/6 J DIO wildtype and Per-Gipr KO mice after 25 days of treatment (b,c). 

Data in panel a was analyzed by 2-way ANOVA with Bonferroni’s post-hoc test  
for comparison of individual time points. Data in panel b,c were were analyzed  
using 1-way ANOVA. Data represent mean ± SEM; asterisks indicate * p < 0.05;  
** p < 0.01 and *** p < 0.001. Individual p-values are shown in the Data Source file, 
unless p < 0.0001.
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Extended Data Fig. 5 | Correlation of drug-induced effects on hypothalamic 
gene expression differences. Comparison of Log fold change differences in 
gene expression between male DIO C57BL/6 J wildtype mice treated with acyl-GIP 
or the GIPR antagonist (a), MAR709 vs. acyl-GLP-1 (b), MAR709 vs. acyl-GIP (c), 
MAR709 vs. the GIPR antagonist (d), acyl-GLP-1 vs. acyl-GIP (e), or acyl-GLP-1 vs. 
the GIPR antagonist (f ) (n = 6 mice per group, from which n = 3 mice were pooled 
to receive n = 2 independent biological replicates per group). Bar plots are ranked 

Augur score in mice treated with either acyl-GIP (g) or MAR709 (h), representing 
cell-specific change in gene expression of the respective groups relative to 
Vehicle-treated DIO controls. The top 10 most likely cell-cell communication 
events between DVC GABA4 or Glut 10 neurons and hypothalamic C66-19: Pomc.
GLU-4, C66-46: Agrp.GABA-4, or all other hypothalamic neurons in mice treated 
with MAR709 (i). Cellphone p-values are permutation-based p-values, Lr means 
are mean ligand-receptor expression.
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Extended Data Fig. 6 | Drug-induced effects on DVC non-neuronal cells. 
UMAP representations of gene expression of DVC non-neuronal cells colored by 
experimental group (a), cell type (b), or expression of either Glp-1r (c) or Gipr (d). 
Bar plots with Augur scores of DVC non-neuronal cells from mice treated with 

either the GIPR antagonist (e), acyl-GLP-1 (f ), acyl-GIP (g), or MAR709 (h). Bar 
plots are ranked and colored by Augur score, representing cell-specific change in 
gene expression of the respective group relative to vehicle-treated DIO controls.
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Extended Data Fig. 7 | Drug-induced effects on hypothalamus non-neuronal 
cells. UMAP representations of gene expression of hypothalamus non-neuronal 
cells colored by experimental group (a), cell type (b), or expression of Glp-1r (c),  
or Gipr (d). (e) Heatmap showing Glp-1r and Gipr mean gene expression in 
hypothalamic non-neuronal cell types. Color corresponds to log-normalized 

expression values scaled to the maximum of each gene. Bar plots showing Augur 
scores of hypothalamic non-neuronal cells from mice treated with the GIPR 
antagonist (f ), acyl-GLP-1 (g), acyl-GIP (h), or MAR709 (i). Bar plots are ranked and 
colored by Augur score, representing cell-specific change in gene expression of 
the respective group relative to vehicle-treated DIO controls.
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Extended Data Fig. 8 | Integration with public snRNAseq DVC datasets. UMAP representation of an scVI joint embedding showing all DVC nuclei from this  
study (Gutgesell), with all nuclei from the Hes et al.53 and Ludwig et al.54 datasets (a), and individual UMAPs showing each individual study: Gutgesell (b), Hes et al.  
(c), Ludwig et al.54 (d), and by the experimental group from each study (e).
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Extended Data Fig. 9 | Predicted cell types from Hes et al.53. Pairwise heatmap showing the proportion of cells labeled by Hes et al. (y-axis), predicted to belong to 
each DVC cell-type from this study (x-axis) using scHPL.
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Extended Data Fig. 10 | Predicted cell types from Ludwig et al.54. Pairwise heatmap showing the proportion of cells labeled by Ludwig et al. (y-axis), predicted to 
belong to each DVC cell-type from this study (x-axis) using scHPL.
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