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Figure 1. IL-6 trans-signaling blockade induces mature-onset obesity in mice on a normal chow diet. (A) Photograph showing

representative male, SGP and WT mice at 14 months of age. (B) Body weight progression from 2 to 14 months of age in male

SGP and WT mice (n = 22–25; total = 47). No mice were excluded. The primary observation was repeated in 4 independent

experiments in male littermates, and once in both male and female nonlittermate mice. (C) Representative coronal MRI

images of SGP and WT mice at 10 months. (D) Quantification of subcutaneous and abdominal fat tissue in mice from MRI

images (n = 4–5) (E) Photographic image of representative gonadal fat pads, (F) Quantification of fat pad mass (right) at 14

months (n = 12). (G) Quantification of fat mass at 14 months by EchoMRI (n = 9–10). (H) Metabolic cage assessment of dark

cycle TEE and voluntary physical activity (wheel running) at 4 and 13 months of age (n = 12). Data are presented as mean ±

standard deviation (SD) (E-F) or mean ± standard error mean (SEM) (B). *P < .05, **P < .01, ***P < .001, and****P < .0001, by

2-tailed Student’s t test (B, D, F, G) or by 2-way ANOVA (H). (See also Figures S1 and S2).
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The Liver is a Primary Target of IL-6 Trans-

signaling in the Prevention of Fat Accumulation
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Figure 2. IL-6 trans-signaling blockade induces adipocyte hypertrophy and ATM recruitment. (A) H&E-stained adipose tissue

sections from SGP mice and WT littermates at 14 months of age. Scale bars, 20 μm. (B) Quantification of adipocytes with a

cell cross-sectional area >6000 square pixels using ImageJ (n = 4–7). (C) Photomicrograph of F4/80 immunostaining of

adipose tissue thin sections showing ATMs (red) in CLS (arrows) at 14 months. Scale bars, 20 μm. (D) Quantification of F4/

80+ CLS per HPF in adipose tissue thin sections (c) (n = 4). (E) Representative flow cytometry plots (left) and quantification

(right) of F4/80-positive cells in the adipose tissue of 11-month-old mice (n = 3–4). F4/80+ cells were quantified in the

bottom-right quadrant (gate P2) (red). Data are represented as mean ± SD. *P < .05, and **P < .01 by 2-tailed, Mann–Whitney

test (B) or 2-tailed, Student’s t test (D, E). (See also Figure S2). ATM, adipose tissue-associated macrophage; CLS, crown-like

structure; FSC-A, forward scatter area; H&E, hematoxylin and eosin; HPF, high-power field.
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Figure 3. Inhibition of IL-6 trans-signaling induces glucose intolerance and peripheral insulin resistance. (A) Fasting glucose

levels in SGP and WT littermates (n = 7). (B) Glucose levels before and after glucose challenge in SGP versus WT mice at 5

(left) and 12 (right) months of age (n = 7). (C) Blood glucose levels in fasting 12-month-old SGP and WT mice at indicated

times following insulin injection (i.p.) (n = 7). (D) Fasting and postprandial serum insulin levels in SGP and WT littermates at 13

months of age (n = 5). Data are presented as mean ± SD (A, C, D–G) or mean ± SEM (B, C). *P < .05, **P < .01, and ***P <

.001 by 2-tailed Student’s t test. (B, C) *P < .05, **P < .01, for comparisons of area under the curve using 2-tailed Student’s t

test. (See also Figure S3).
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Figure 4. STAT3 signaling in hepatocytes is required for IL-6 trans-signaling-mediated prevention of fat accumulation and

hepatosteatosis. (A) Representative images showing hepatic steatosis by ORO staining of livers from SGP andWT littermates at

the age of 14months and ImageJ processed image (inset). Scale bars represent 20 μm. (below) Quantification of theORO-stained

area was performed using ImageJ (n = 4). (B) Phosphorylated Stat3 and ß-actin protein levels by Western Blot analysis of liver

samples from5-month-old SGP andWT littermates and quantification of band intensities (right) (n= 5–7). (C) Photographic image

showing representative Stat3Δhep and Stat3floxPmice aged 12 months. (D) Body weights of Stat3Δhep and Stat3floxPmice aged 6

and 12 months (n = 5–9). (E) Fasting blood glucose levels in 6 and 12-month-old Stat3Δhep and Stat3floxP mice (n = 4–9). (F)

Representative ORO-stained liver sections from Stat3Δhep and Stat3floxPmice at 12 months of age with ImageJ processed image

(inset), and quantification of ORO-stained areas by ImageJ (right) (n= 4–5). Scale bars, 20 μm.Data are presented asmean± SD.

*P < .05, **P < .01, ***P < .001 by 2-tailed, Student’s t test. (See also Figures S4 and S5). ORO, Oil red O.
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Figure 5. Proteomics and RNAseq analyses reveal age- and strain-dependent changes in gene expression profiles in the

livers of WT and SGP mice. (A) PCA of liver proteomes distinguished (red dashed line) between gene expression profiles in

younger (2 months) and older (5 and 14 months) WT mice along the PC1 axis. (B) PCA plots of liver proteomes of WT versus

SGP mice at 2, 5, and 14 months of age clustered old WT mice separately from young (2M) mice. Young WT and SGP groups

cluster together, but older SGP mice (5 and 14 months) appear dispersed between and more closely related to young mice on

the PC1 axis. (C) The top 6 enriched QIAGEN IPA® Canonical Pathways were enriched by aging (2 months versus 14 months)

in the liver proteomes of the WT (left) and SGP (right) mice. [-log(B-H P value) > 1.3] (x-axis) was considered statistically

significant. |QIAGEN IPA® Z-scores|(values) > 2 were considered statistically significantly upregulated or downregulated for

positive and negative values, respectively. (n = 5 and n = 4 for mice aged 2 and 14 months, respectively). (D) GSEA38

-generated heatmap from RNA-seq analysis showed that the top Pathway (MSigDB Hallmark gene sets38) was significantly

enriched (false discovery rate < 0.0001) in the livers of SGP versus WT mice at 6 and 14 months of age. Gene sets enriched in

upregulated genes are represented by positive (red) NES values, whereas those enriched in downregulated genes are rep-

resented by negative (blue) NES values with a gradual color gradient. Mice at 6 (n = 3) and 14 months (n = 2). (See also

Figure S6). GSEA, gene set enrichment analysis; IPA, Ingenuity Pathway Analysis; PCA, principal component analysis.
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Figure 6. Antibiotic treatment reverses the mature-onset metabolic phenotype induced by IL-6 trans-signaling blockade. (A)

Schematic representation of the experimental design. SGP and WT littermates aged 6 months were administered a NCD ±

ABx in their drinking water. The mice were randomly assigned to the treatment and control groups. Fasting blood glucose

levels were assessed at 8 months, and the mice were sacrificed at 9 months of age. (B) Body weights of SGP and WT lit-

termates following NCD and ABx diets at 9 months of age (n = 6–8). (C) Photographs showing representative gonadal fat

pads at 9 months of age. Scale bars, 1 cm. (D) Gonadal fat pad weights at 9 month of age (n = 6–8). (E) Microphotographs

showing representative ORO-stained liver sections from 9 month old NCD or ABx-fed mice with ImageJ processed images

(inset), and quantification (right) of ORO-stained areas in ImageJ processed images (n = 4). Scale bars, 20 μm. (F) Fasting

blood glucose levels in control versus antibiotic-treated mice at 8 months (n = 5). These observations were repeated in 2

independent experiments. Numerical data are presented as mean ± SD. **P < .01, ***P < .001, and ****P < .0001 by 2-way

ANOVA. ABx, antibiotics; NCD, normal chow diet; ORO, oil red O.
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Mature-onset Obesity in SGP Mice Requires a Gut

Microbiota
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Figure 7. Inhibition of IL-6 trans-signaling does not alter gut microbiota composition. (A) Gut microbiota composition at the

phylum level based on 16S rRNA gene sequencing of feces from mice maintained at separate facilities located in Jerusalem,

Kiel, and Hamburg, and aged 8 weeks (Jerusalem, Kiel) and 11–12 weeks (Hamburg). (B) The relative bacterial abundance at

the genus level did not show alterations that could be associated with the genotype in the 3 independent animal facilities. (C)

Box plots of Shannon diversity indices showed that the total gut microbial diversity was independent of the mouse genotype

in 3 independent animal facilities. (D) left panel: PCoA on Jaccard distance matrices demonstrating alterations in microbiota

composition between different animal facilities. right panel: PCoA based on the Bray-Curtis dissimilarity index of bacterial

genus abundance. PCoA, principal coordinate analysis.
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