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Supplementary Fig 1. PKA activity in WAT from diet induced obese mice.

a. Body weight (left) and blood glucose concentrations of overnight fasted C57BL/6J mice maintained on

NCD or 15weeks HFD (**P<0.01, t-test; n=5 per group).  b. Western blotting analysis of eWAT from age-

matched NCD and HFD fed (15 weeks) mice. Data are continued from Fig 1d. c. Western blotting analysis

of inguinal WAT (iWAT) from age-matched NCD and HFD fed (15 weeks) mice. Samples were prepared

from mice in Fig 1d. Each lane represents a sample of one animal. Bottom, densitometry analysis showing

decreased CRTC phosphorylation, c/EBPa, SIK2 expression (**P<0.01, *P<0.05, t-test; n=5 per group).



(continued)

d. q-PCR analysis of SIK2 expression in eWAT from age matched NCD and HFD fed (6weeks) mice in 

Fig.1e (*P<0.05, t-test; n=3 per group). e. qPCR analysis showing gene expression in endothelial/ 

hematopoietic (CD31+; CD45+; Ter119+) cells isolated from eWAT of NCD and 15 weeks HFD fed mice (t-

test; n=3 per group). f. Top, Schematic diagram for isolating adipose cells. Bottom, qPCR analysis 

showing effect of HFD (15weeks) on gene expression in each cell fractions (**P<0.01, *P<0.05, t-test; n=3 

per group).  Data in a, c-d represent the mean ± SEM and data in e-f represent the mean ± SD.



Supplementary Fig 2. CRTC dependent gene expression in primary pre-adipocytes. 

a. RNA-seq analysis of primary brown pre-adipocytes showing top 20 genes that are up-regulated 

more than 8-fold (log FC>3) following exposure to FSK (10𝜇M FSK, 1hr).  b. Immunoblots showing 

CRTC2 and CRTC3 activation in primary brown pre-adipocytes following FSK treatment.



Supplementary Fig 3. Regulation of cytokine genes by cAMP and TNFa.

a. Circulating concentrations of CXCL1 and CXCL2 maintained on a NCD or HFD for 15 weeks (**P<0.01, t-

test; n=5 per group). b. Effects of b3 adrenergic agonist CL316,243 on inflammatory gene expression in

primary white adipocytes. All cells were differentiated for 7days before exposure to CL316,243 (10 𝜇M, 1hr)

(**P<0.01, t-test; n=3 per group). c. Effect of FSK and TNFa (2hrs) alone and together on cytokine gene

expression in differentiated 3T3L1 cells. Effect of FSK and TNFa on a CREB target gene (NR4A1) that

lacks an NF-kB binding site (**P<0.01, *P<0.05,  one-way ANOVA; n=3 per group). d. Cooperative effects of

CRTC2/3 and p65 on human CXCL8 (IL8) expression. Relative effect of CRTC2 (C2), CRTC3 (C3) and p65

on human IL8 promoter activity in 293T cells shown. Luciferase activity normalized to RSV-b-gal activity

(**P<0.01, *P<0.05, one-way ANOVA; n=3 per group). e. Effect of NFkB signaling blockage on TNFa

(10ng/ml, 2hrs) or HG9-91-01 (10𝜇M, 2hrs) induced CXCLs expression and TNFa (10ng/ml, 6hrs) induced

SIK2 expression in white adipocytes. IKK inhibitor IKK16(10𝜇M) was treated 30min prior to treatment with

TNFa or  HG9-91-01 (**P<0.01, one-way ANOVA; n=3 per group). Data in a. represent the mean ± SEM

and b-e represent the mean ± SD.



Supplementary Fig 4. Regulation of CRTC2 and NF-kB co-occupancy. a. Gene ontology analysis for 

CRTC2-p65 co-bound loci following 1hr exposure of 3T3-L1 adipocytes to TNFa and FSK. b. HOMER 

motif analysis of CRTC2- p65 co-bound loci showing top 5 binding motifs after 1hr exposure to TNFa and 

FSK (10𝜇M). c. Genome browser plots showing ChIP-seq analysis of CRTC2, p65, and H3AcK27 

occupancy over the mouse CCL2, CXCL5, and NFkB2 promoters in 4 day-differentiated 3T3-L1 

adipocytes. Gene sequences corresponding to indicated peak area are shown. Blue, yellow, and red 

highlighting corresponds to putative NF-kB, CREB, and JUN/bZIP binding sites, respectively. d. mRNA 

amounts for NF-kB target genes in 5d differentiated white adipocytes from dAKO and WT mice following 

exposure to FSK (10𝜇M) or TNFa (10ng/ml) for 1hr (**P<0.01, *P<0.05, t-test; n=3 per group). Data in d

represent the mean ± SD.



Supplementary Fig 5. Characterization of CRTC2/3 dAKO mice. a. Immunoblot analysis of CRTC2 

and CRTC3 protein amounts in eWAT from dAKO and WT littermates after 12 weeks of HFD. b. mRNA 

amounts for CRTC2 and CRTC3 in bone marrow stromal cells from WT and dAKO mice.  c. Body 

composition of dAKO and WT littermates (*P<0.05, t-test; n=9, 12 per group). Data are continued from 

Fig 4a. d. Blood glucose concentrations in dAKO and WT littermates after fasting for 18hrs (*P<0.05, t-

test; n=9, 12 per group). Mice were fed an HFD for 12 weeks. e. Increased energy expenditure in dAKO

mice. Indirect calorimetric analysis conducted for 48hrs following 72hrs adaptation in individual cages 

(*P<0.05, t-test; n=4 per group). Mice were fed an HFD for 9 weeks. f. Immunoblot analysis showing 

effect of CRTC2/3 depletion on PKA substrate phosphorylation and c/EBPa expression. Mice were fed 

an HFD for 12 weeks. Each lane represents one mouse sample. g. Immunoblot showing effect of 

CRTC2/3 depletion on p-Akt (Ser 473) and SIK2 protein amounts in primary adipocytes from dAKO and 

WT littermates. Right, densitometry analysis for immunoblots shown (*P<0.05, t-test; n=3 per group). 

Data in b. represents the mean ± SD and c-e, g represent the mean ± SEM.



Supplementary Fig 6. Downregulation of LPS-inducible inflammatory gene expression in dAKO

WAT.

mRNA amounts for immune-related genes in eWAT from dAKO and WT littermates following 

administration of low dose LPS (500ng/kg) for 3hrs in 10 weeks old mice maintained on an NCD 

(**P<0.01, *P<0.05, t-test; n=3~5).  Data represent the mean ± SEM.



Supplementary Fig 7. Neutralizing antibody against CXCL1 and CXCL2 reduces inflammation 

and improves lipid metabolism. 

a. Circulating levels of CXCL1 and CXCL2 (CXCL1/2) in IgG-injected WT, IgG-injected dAKO and a-

CXCL1/2–injected WT mice (**P<0.01, *P<0.05, one-way ANOVA; n=5-7). Mice were fed an HFD for 9

weeks. b. H&E staining performed on liver sections from IgG-injected WT, IgG-injected dAKO and a-

CXCL1/2 injected WT mice. Representative images from 5 mice are shown. c. Hepatic triglycerides

(TG) and free fatty acids (FFA) in IgG-injected WT, IgG-injected dAKO and a-CXCL1/2-injected WT

mice (**P<0.01, *P<0.05, one-way ANOVA; n=5~7).



(continued)

d. Heat map from gene expression profile and gene ontology analysis of IgG-WT, IgG-dAKO and a-

CXCL1/2-WT mice. Heat map generated from gene expression profile and gene ontology analysis of 

Fig.1 and Fig.5. Genes that differ more than 2-fold (log FC >1) with a q value (adjusted p-value) less than 

0.05 (n=3 per group) shown. Data in a and c represent the mean ± SEM.



Supplementary Fig 8. Improved triglyceride metabolism in CXCL1 knockout mice. 

a. Area under curve (AUC) for Fig.6b (**P<0.01, *P<0.05, t-test; n=9 per group). b. Circulating CXCL1 and

CXCL2 in CXCL1 KO mice and WT littermates after 10 weeks of HFD feeding (**P<0.01, t-test; n=9 per

group). c. Circulating triglyceride (TG) and free fatty acid (FFA) concentrations in serum from CXCL1 KO

mice and WT littermates after 10 weeks of HFD feeding (**P<0.01, *P<0.05, t-test; n=9 per group). d.

Immunoblot analysis of eWAT from HFD-fed CXCL1 KO and WT littermates showing effect of CXCL1

depletion on insulin, stress, and catecholamine signaling pathways. Right, densitometry analysis for

immunoblots shown. Data in a-d represent the mean ± SEM.



Supplementary Fig 9. The role of CXCL1/2 on CRTC dAKO mediated regulation.

a. Body weight of WT and dAKO mice before (B) and after (A) injection of recombinant CXCL1/2 or Saline

shown. Data represent the mean ± SEM. b. H&E staining of eWAT showing effect of rCXCL1/2 injection in

WT and dAKO mice. Representative images shown from 5 mice per group.



a. Uncropped blots for Fig. 1d

b. Uncropped blots for Fig. 1d c. Uncropped blots for Fig.2e

Supplementary Fig 10. Uncropped blots



d. Uncropped blots for Fig. 2f f. Uncropped blots for Fig. 5d

p-Akt

p-JNK

e. Uncropped blots for Fig. 2g

Supplementary Fig 10. Uncropped blots



P-IRS1

g. Uncropped blots for Fig. 6e h. Uncropped blots for Fig. 7b

Supplementary Fig 10. Uncropped blots



Supplementary Table 1. All of the genes that are significantly up-regulated upon FSK 

treatment shown in Supplementary Fig.2 



Supplemental item1. Representative gating strategy for neutrophils CD11b+;Ly6g+ (in Fig3a, 4f)

Fig 4f
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Supplemental item2. Representative gating strategy for lineage positive cells (in Supplemantary Fig

1e)

-Live cells

-APC CD31; CD45; Ter119 positive cells

excluding doublets

-unstained cells or lineage negative cells

-lineage negative cells
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