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SUPPLEMENTAL RESEARCH DESIGN AND METHODS 
 
Quantitative RT-PCR. Total RNA was extracted from respective tissues and cells using the RNeasy 
Mini and Micro Isolation Kits (Qiagen, Valencia, CA) according to the manufacturer’s instructions. 
Isolated total RNA was reverse-transcribed into cDNA using commercially available kits (Applied 
Biosystems, Foster City, CA). Q-RT-PCR reactions were performed using the iQ SYBR Green 
Supermix (Bio-Rad Laboratories, Hercules, CA). Post-amplification melting curve analysis was 
performed to check for unspecific products and primer-only controls were included to ensure the 
absence of primer dimers. SLC2A4/GLUT4 and CD68 transcripts were quantified using TaqMan gene 
expression assays Hs00168966_1 and Hs00154355_m1 (Applied Biosystems, Foster City, CA), 
respectively. For normalization threshold cycles (Ct-values) of all replicate analyses were normalized to 
acidic ribosomal phosphoprotein P0 (Rplp0/36B4) within each sample to obtain sample-specific ΔCt 
values (= Ct gene of interest - Ct Rplp0). To compare the effect of various treatments with untreated 
controls, 2-ΔΔCt values were calculated to obtain fold expression levels, where ΔΔCt = (ΔCt treatment - 
ΔCt control). Primers used are listed in Supplemental Table 3. 
 
Western blot analysis. Proteins were extracted from tissues by homogenizing in RIPA buffer (0.5% 
NP-40, 0.1% sodium deoxycholate, 150 mM NaCl, 50 mM Tris-HCl, pH 7.5) containing protease 
inhibitors (Complete Mini, Roche, Branford, CT). The homogenate was cleared by centrifugation at 4°C 
for 30 min at 15,000 g and the supernatant portion containing the protein fraction recovered. 40 μg of 
proteins were resolved by SDS-PAGE, transferred to PVDF membranes (GE Healthcare, Piscataway, 
NJ). Membranes were subjected to 1 h of blocking with 5 % nonfat milk in Tris-buffered saline (TBS; 
25 mM Tris, 150 mM NaCl, 3 mM KCl, pH 8.0), and probed with anti-Gli1 (1:1000; cat. 2534, Cell 
Signaling Technology, Inc., Danvers, MA), anti-Ptch1 (1:1000; cat. 2468, Cell Signaling Technology, 
Inc., Danvers, MA), anti-Hhip (1:4000, ab39208, Abcam, Cambridge, UK), anti-Hsc70 antibodies 
(1:20000; sc-7298, Santa Cruz Biotechnology, Santa Cruz, CA) and anti β-Actin (1: 4000, A5361, 
Sigma-Aldrich, St. Louis, MO) as loading control in TBS/5% nonfat milk. After 1 hour of incubation 
with the primary antibody the membranes were washed with TBS-Tween 0.05% (TBS-T) and incubated 
with the appropriate anti-IgG-horseradish peroxidase-linked (HRP) secondary antibodies (NA 934, anti-
rabbit IgG; NA 931, anti-mouse IgG) in TBS/5% nonfat milk. Membranes were washed again with 
TBS-T and antigen-specific binding of antibodies was visualized using a commercial 
chemiluminescence detection system (ECL plus, GE Healthcare, Piscataway, NJ). Image analysis was 
performed using Image J software (http://rsb.info.nih.gov/ij). 
 
Ifn-γ and adiponectin ELISA. The presence of Ifn-γ in mouse serum was determined by indirect 
ELISA (R&D Systems, Minneapolis, MN). Briefly, ELISA plates were coated with 100 µl (3 µg/ml) of 
monoclonal anti-mouse Ifn-γ antibody and incubated overnight at room temperature. Coated wells were 
washed with PBS/2 mM EDTA and blocked with PBS containing 1% BSA for 2 hours at room 
temperature. After washing mouse serum samples were added in duplicates. Recombinant mouse Ifn-γ 
(R&D Systems, Minneapolis, MN) was used to generate the standard curve. Samples were incubated at 
room temperature for 2 hours, washed and subsequently incubated with 100 µl (0.2 µg/ml) of 
biotinylated anti-mouse Ifn-γ antibody. After washing, alkaline-phosphatase conjugated neutravidin 
(Pierce, Rockford, IL) was added to the wells and incubated for 1.5 hours at the room temperature. 
Reactions were developed after a final washing step reaction by adding LumiPhos Plus (Lumigen, 
Southfield, MI). Absorbance values were determined at 450 nm in a microplate reader. Adiponectin 
levels in mouse serum were determined by ELISA (R&D Systems, Minneapolis, MN) according to 
manufacturer's instructions. 
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Isolation, culture and differentiation of mouse and human white preadipocytes. Perigonadal fat 
pads for isolation of SVF cells were obtained from male C57BL/6J mice. Human intraperitoneal fat 
samples were obtained from subjects who underwent abdominal surgery. All study subjects provided 
informed consent and study protocols were approved by the local Ethics Committee. Stromal vascular 
fraction (SVF) cells were isolated and differentiated as previously described (30). In brief, SVF cells 
were isolated from minced fat pads by collagenase digestion. Primary cells were expanded in 
DMEM/F12 containing 10% FBS, seeded into 24-well plates and grown ad confluence. Differentiation 
was induced by exposing cells to either a standard or a minimal induction/differentiation cocktail as 
described (30). Standard induction medium contained 0.5 mM IBMX, 1 mM dexamethasone, 850 nM 
insulin, 5 μM troglitazone, 33 μM biotin and 17 μM pantothenic acid. Minimal induction medium was 
IBMX/dexamethasone free to prevent inhibition of hedgehog signaling. Cells were harvested either after 
48 hours or were differentiated for additional 8 days in DMEM/F12 containing 10% FBS, 850 nM 
insulin, 5 μM troglitazone, 33 μM biotin and 17 μM pantothenic acid. Media were replaced every other 
day. SAG (ALEXIS Biochemicals, San Diego, CA) or/and mouse or human recombinant Ifn-γ (BD 
Pharmigen, San Diego, CA) were added to the cells as indicated in the text or figure legends. All 
chemicals for cell culture were obtained from Sigma-Aldrich (St. Louis, MO) unless otherwise 
indicated.  
 
Histological analysis. Immunofluorescence was performed as described by Lumeng et al. (Lumeng et 
al., 2008). In brief, mice (n=3/group) were perfused with 1% paraformaldehyde for fixation before 
dissecting fat pads. Whole mount samples were incubated in primary and secondary antibodies in 5% 
BSA in PBS. Anti-perilipin (9349S, Cell Signaling Technology, Danvers, MA) and anti-Mac2 
antibodies (CL8942AP, Cedarlane Laboratories, ON, Canada) were used to stain adipocyte lipid 
droplets and macrophages in crown like structures, respectively. The following secondary antibodies 
were used for immunofluorescence staining: fluorescein anti-rat IgG (1:1000, FI-4001, VECTOR 
Laboratories, Burlingame, CA), Alexa Fluor-594 goat anti-rabbit IgG (1:3000, A11037, Molecular 
Probes, Eugene, OR). Nuclei were counterstained with DAPI. Imaging analysis was performed on a 
Zeiss LSM 700 Laser Scanning Microscope (Zeiss, Jena, Germany). The total number of crown-like 
structures was counted in 10 different fields (100x) from each section. The morphometric measurements 
were performed on 6 sections. Twenty adipocytes were randomly chosen in each section and the area of 
each adipocyte was determined using Image J software (http://rsb.info.nih.gov/ij) at x10 magnification. 
 
Gene Set Enrichment Analysis (GSEA). GSEA was performed using the java-based GSEA freeware 
available from the Broad Institute (http://www.broadinstitute.org/gsea/index.jsp).  Processed microarray 
expression datasets for adipose tissue biopsies from 20 control (10 male / 10 female) and 19 obese (10 
male / 9 female) Pima Indians (GEO Reference Series GSE2508)as well as 13 pairs of monozygotic 
twins discordant for adiposity (EBI-EMBL Reference Series E-MEXP-1425) were downloaded the 
public repositories atNCBI and EBI-EMBL. Both sets of data were processed according to the 
recommendations of Broad Institute using both standard curated and user-defined pathway datasets and 
running default settings through 1000 permutations. 
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Supplementary Table 1. Mouse characteristics 
 

 Low fat diet High fat diet High fat diet/Ifn-γ 

Body mass (g) 30.5 ± 0.7 *** 50.0 ± 1.2 49.6 ± 0.5 

AT, perigonadal (mg) 548.8 ±  58.2 *** 1547.4 ± 196.5 1463.2 ± 133.7 

AT/body mass (mg/g) 17.9 ± 1.9 ** 30.8 ± 3.3 29.5 ± 2.2 

Fasted blood glucose (mg/dl) 148.4 ± 10.2 * 234.0 ± 35.7 212.7 ± 3.4 

One-way analysis of variance (ANOVA) with Tukey’s honestly significant difference (HSD) test for 
post-hoc group mean comparisons. High fat diet and high fat diet + Ifn-γ groups were not different. *P < 
0.05; **P < 0.01, ***P < 0.01 compared to high fat diet groups. AT, adipose tissue. 
 
Supplementary Table 2. Anthropometric and metabolic characteristics of human study subjects. 
 

Data are mean ± SEM. Homeostasis model assessment (HOMA) index calculated (fasting insulin X 
fasting glucose)/22.5. P values obtained from Chi-square test or ANOVA for categorical or continuous 
data, respectively. NS, not significant. 
 

Trait Lean Obese P adjusted for

n 21 25   

Male/female (n) 13/8 6/19 0.0093 - 

Age (years) 45.9 (11.4) 39.3 (8.6) 0.0320 - 

BMI (kg/m2) 25.0 (2.4) 42.7 (5.9) - sex, age 

Glucose (mmol/L) 5.04 (0.49) 5.09 (0.44) NS sex, age 

Insulin (pmol/L) 34.9 (21.6) 45.6 (10.0) NS sex, age 

HOMA index 1.31 (0.87) 1.72 (0.44) NS sex, age 



SUPPLEMENTARY DATA 
 

©2011 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db10-1628/-/DC1 

Supplementary Table 3. PCR primer 
 
 

Gene Symbol Alias Species  Sequence (5’-3’) 

Fabp4 aP2 mouse forward TTCGATGAAATCACCGCAGA 

   reverse AGGGCCCCGCCATCT 

Pparg Ppar-gamma mouse forward GCATGGTGCCTTCGCTGA 

   reverse TGGCATCTCTGTGTCAACCATG 

Cebpa C/ebp-alpha mouse forward TCTGCGAGCACGAGACGTC 

   reverse GCCAGGAACTCGTCGTTGAA 

Adipoq Adiponectin mouse forward CCTTGCAATACGAGGACAAAGA 

   reverse CACACCCCAACCAGCCAC 

Gli1 Gli1 mouse forward CGAGAGTGCCATGCCGCAGCAG 

   reverse TAGCAGCAACTGTCTAAATGATGCCA

Ptch1 Ptch1 mouse forward TGACGGGGTCCTCGCTTACAA 

   reverse CTACCAGACGCTGTTTAGTCA 

Hhip Hhip mouse forward ATGGCTCCCATCGGCTCTTCATTCT 

   reverse GCTTAGCAGGCCCCTTTCGTCTCCT 

Nr2f2               Coup-TF2 mouse forward GCATGAGACGGGAAGCTGTAC 

   reverse CGTTGGTCAGGGCAAACTG 

Gata2 Gata2 mouse forward CTCTTCCATCCAGGAGGCTTC 

   reverse CGAGCCTTGCTTCTCTGCTTAG 

Rplp0 Arp/36B4 mouse forward GCCAATAAGGTGCCAGCTGCTG 

   reverse GAGGTCTTCTCGGGTCCTAG 

CD68 CD68 human forward GCTACATGGCGGTGGAGTACAA 

   reverse ATGATGAGAGGCAGCAAGATGG 

CDH5 CD144 human forward GGAACCAGATGCACATTGATG 

   reverse CGCTTGACTTGATCTTGCCTA 

GLI1 GLI1 human forward ACTTGCCAGCTGAAGTCTGAGC 

   reverse GCTGGACATATCACCTTCCAAGG 

PPARg PPAR-gamma human forward GGATGTCTCATAATGCCATCAG 

   reverse GATTCAGCTGGTCGATATCACTG 

RPLP0 ARP human forward GTCATCCAGCAGGTGTTCGAC 

   reverse CTCCAGGAAGCGAGAATGCAG 
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Supplementary Figure 1. Ifn-γ inhibits Hh pathway activity in Ptch-/- cells. As β-galactosidase has 
been targeted to the Ptch locus in Ptch knockout mice, its expression can be used to quantify 
hedgehog pathway activities. Confluent cultures of Ptch-/- cells were treated with Ifn-γ or left 
untreated for 2 days (Con). β-galactosidase activity was determined and normalized to total 
cellular protein content. Data of triplicates are shown as mean ± SEM. One representative of three 
independent experiments is shown (*, P<0.05). 
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Supplementary Figure 2. Protein expression of hedgehog target Hhip. 3T3-L1 cells were induced 
to differentiate into adipocytes in the presence of 20 nM SAG and/or 50 ng/ml Ifn-γ or left 
untreated (Con) for 10 days. Hhip western blot of whole-cell lysates are shown. β-Actin was used 
as loading control. Graphic depiction of the mean ± SEM relative densitometry from three 
separate Western blot determinations is shown below. * p<0.01. Means ± SEM. 
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Supplementary Figure 3. Ifn-γ inhibits SAG-induced increase in expression of hedgehog target 
genes Coup-Tf2 and Gata2 in 3T3-L1 cells. A-B: 3T3-L1 cells were induced to form adipocytes 
and stimulated during 10 days of differentiation with 20 nM SAG and/or 50 ng/ml Ifn-γ or left 
untreated (Con). mRNA levels of Hh-target genes (Coup-Tf2, Gata2) were measured by 
quantitative RT-PCR analysis and normalized to Rplp0. Significances of differences from the 
SAG-treated cells are indicated as follows: *, P < 0.05; **, P < 0.01; ***, P < 0.001  
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Supplementary Figure 4. IBMX and Dexametasone dependence of hedgehog signaling and 
adipogenesis in human primary preadipocytes. A-D and E-F: Light microscopy and Oil Red O 
staining of human primary preadipocytes induced with minimal (Insulin/Troglitazone) or 
complete (Insulin/Troglitazone/IBMX/Dexamethasone) induction cocktails in the absence (Con) or 
presence of the hedgehog agonist SAG (200 nM) after ten days of differentiation. G-J: 
Quantitative RT-PCR monitoring of Hh target gene GLI1 and adipogenic marker PPARg. 
Human primary preadipocytes were induced with complete or minimal induction cocktails or not 
induced (preadipocyte, Pre). Induced cells were stimulated for 48 hours with SAG and/or Ifn-γ or 
left untreated (Con). *, P < 0.05; **, P < 0.01; ***, P < 0.001. Means ± SEM.  
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Supplementary Figure 5. Ifn-γ serum levels are significantly higher in mice on HF. The serum 
levels of Ifn-γ from mice on LF (n=10), HF (n=10) and HF + Ifn-γ Ab (n=5) were measured using 
an ELISA. All samples were measured in duplicate. Ifn-γ was not detectable after administration 
of neutralizing antibody. Data represent means ± SEM, *, P < 0.05.  
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Supplementary Figure 6. Immunofluorescence staining of mouse perigonadal adipose tissue. 
C57BL/6J mice were fed a low fat (LF) or high fat (HF) diet for 24 weeks (n = 10 or 15 mice per 
group, respectively). For the last two weeks of diets, mice on HF diet were randomly split into two 
groups (HF and HF+Ab). One group of mice (HF+Ab, n=5) was treated with monoclonal 
antibodies against Ifn-γ. A-I: Immunofluorescence detection of adipocytes and macrophages 
performed with antibodies to  Perilipin (blue) and  Mac2 (red) of perigonadal white adipose tissue 
are depicted. J: Number of crown-like structures (CLS) per high-power field. K: Mean cell sizes 
from the stained sections. The values shown by the bar graphs are related to the arbitrary unit of 
the LF group (set to 1). * p<0.01. Means ± SEM. NS, not significant. 
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Supplementary Figure 7. Ifn-γ-Ab treatment increased expression of Hh target gene Coup-Tf2. 
mRNA level of Coup-Tf2 was measured by quantitative RT-PCR analysis and normalized to 
Rplp0. Data represent means ± SEM, *, P < 0.01. 
 

 
 
Supplementary Figure 8. Serum adiponectin measurement. The serum levels of Adiponectin from 
mice on LF (n=10), HF (n=10) and HF + Ifn-γ Ab (n=5) were measured using an ELISA. All 
samples were measured in duplicate. Data represent means ± SEM, *, P<0.05; **, P < 0.01. 
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Supplementary Figure 9. Gene Set Enrichment Analysis highlights ongoing inflammation and 
blunted hedgehog signaling in obese humans. Running Enrichment Scores from GSEA analysis of 
publically available human adipose tissue microarray profiling. Cohorts presented include (A)a 
set of 13 pairs of monozygotic (MZ) twins discordant for adiposity (EBI-EMBL Reference Series 
E-MEXP-1425) and (B) a cohort of 39 Pima Indians (GEO Reference Series GSE2508). Positive 
Enrichment away from 0.0 indicates upregulation in obese subjects. Negative enrichment is 
indicative of down regulation in obesity. Statistics for the entire curves are as follows: For the 
Th1/Th2 pathway tissues (FDR 0.08 and 0.16 for Pima and Mz-twins respectively; nom. P-value 
0.006 and 0.01 respectively) and for Hedgehog signaling (FDR 0.08 and 0.12 respectively; nom. P-
value 0.08 and 0.12 respectively).  
 

 


