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A1. Experimental animals. 
Hp null mice (Hp -/-) were originally generated in Baumann’s laboratory. Upon a material transfer 
agreement, founders mice were transferred to our laboratories, where a new colony was initiated.  
They have been backcrossed 10 times to the C57BL/6J background. In each experiment we employed 
Hp -/- and Hp +/+ obtained from the same litter generated by crossing Hp +/- mice. Animals that did not 
reach 40 grams of weight at the end of HFD were excluded from further investigations. No genotype 
related difference was observed in the frequency of failure to become obese. Food intake was monitored 
by weighing the left over food every other day throughout the diet period. 
 
A2. Primary adipocytes.  
Human subcutaneous WAT was collected from 3 subjects who underwent bariatric surgery for obesity, 
for which signed, fully informed consent was obtained according to institutional guidelines.  
 
A3. Microarray analysis  
a. RNA isolation, amplification and labelling: 
Total RNA was DNAse treated by Qiagen columns. RNA quantity is determined on a NanoDrop UV-
VIS. Only samples that showed a ratio of absorbance 1.8< OD260/OD280 <2.0 were selected. Each 
sample was then quality checked for integrity using the Agilent BioAnalyzer 2100 (Agilent RNA 6000 
nano kit): samples with a RIN index lower than 8.0 were discarded. 200ng of Poly A+RNA were 
labelled, using Cyanine 3-CTP with the Agilent Low Input Linear Quick Amplification Kit and purified 
with Qiagen’s RNeasy mini spin columns.  
To monitor the labelling reactions and the microarray performance, Agilent Spike-In Mix was added to 
the mRNA samples prior to the labelling reactions following the RNA Spike-In protocol. 
b. Hybridization of oligonucleotide mouse microarrays 
The gene expression profiling was performed using the Agilent One-color protocol (version 6.5, may 
2010) on an Agilent Technologies Platform. Cyanine 3-labelled cRNA was hybridized to Agilent 
8X60K whole mouse genome oligonucleotide microarrays (Agilent G4852A). Microarray hybridizations 
were carried out in Agilent’s SureHyb Hybridization Chambers containing 600 ng of Cyanine 3-labelled 
cRNA per hybridization. The hybridization reactions were performed at 65°C for 17 hours using 
Agilent’s Gene Expression Hybridization Kit. 
The hybridized microarrays were disassembled at room temperature in Agilent Gene Expression Wash 
Buffer 1. After the disassembly, the microarrays were washed in Gene expression Buffer 1 for one 
minute at room temperature, followed by washing with Gene Expression Wash Buffer 2 for one minute 
at 37°C. The microarrays were then treated with Acetonitrile for one minute at room temperature. 
c. Scanning, feature extraction and analysis 
Post-hybridization image acquisition was accomplished using the Agilent scanner G2564B, equipped 
with two lasers (532 nm and 635 nm) and a 48 slide auto-sampler carousel. The 20 bit scanning protocol 
was used. Data extraction from the images was accomplished by Agilent Feature Extraction 10.5 
software, using the standard Agilent One-Color gene expression extraction protocol (GE1_107_sept09, 
Grid 028005_D_F_20101029).  
Data analysis was performed on filtered data using Agilent GeneSpring GX 11.0, R-Bioconductor and 
Microsoft Excel. Spots too close to background were filtered out by selecting only values with the flag 
gIsWellAboveBG=1. Filtered data were then normalized by the quantile method within GeneSpring. 
Differentially expressed genes were selected by unpaired Mann-Whitney non-parametric test. 
Hierarchical clustering analysis was done using MeV 4.4 (1). Genes without an official Gene Symbol 
were excluded from the analysis. In the case of more than one mRNA referring to the same gene, the 
most significant value (based on p-value) was chosen. Additional functional analysis was done using the 
DAVID tool (http://david.abcc.ncifcrf.gov/) (2). 
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A4. Lysis buffer for signaling studies. 
50mM Tris HCl pH 7.5, 150 mM NaCl, 1mM EDTA, 5 mM NaF, 1% Nonidet P-40, Phosphatase 1 and 
2 (Sigma P2850, P5726), and Protease (Sigma P8340) inhibitor cocktail.  
 
A5. Histology and Immunohistochemistry.  
Serial five-micrometer sections were cut, mounted on glass slides, deparaffinized in xylene and 
rehydrated with sequential ethanol/PBS washes. Sections were treated with 0.3 % H2O2 solution for 30 
min, blocked for 1 hr at RT and then incubated with an anti-mouse F4/80 antibody (AbD Serotec, 
Kidlington, UK) at 10 µg/mL for 1 hour at RT. Slides were incubated with biotinylated goat-anti rat IgG 
antibody (1:200) (Elite ABC KIT, Vectastain, Vector Laboratories, CA, USA) for 30 min at Room 
Temperature.  

A6. HFD liver expression profiling  
After the quality control, expression values were obtained for over 39000 Entrez gene mRNAs in 4 
replicate samples per genotype. Only those genes for which mRNA levels were changed >1.5 fold and 
considered significantly altered by Mann-Whitney unpaired test (p<0.05) were selected as differentially 
expressed. By these criteria 611 genes were differentially expressed between WT and Hp -/- mice (if we 
exclude not annotated sequences that accounted for over 300 more probes), of which 573 were up- and 
38 down-regulated in the Hp -/-. Fold change was calculated in the linear scale as the average expression 
value of KO versus WT mice, therefore values <1.0 and >1.0 indicate a down and an up-regulation in 
the Hp deficient model. 
 
A7. Real time PCR: validation of microarray analysis  

Bar graph showing relative expression of ACACb and CIDEa in the liver of HFD-WT (open bars) and 
HFD-Hp-/- (black bars) mice. N = 4. Student’s t-test *P<0.05.  
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Supplementary Table 1. Description of the 13 selected genes according to their names, fold change, 
liver function, and relationship with our findings, if any. 

Name 

HFD 
Hp -/- 

/ 
HFD 
WT 

P 
value General description Related to liver function 

 
Result interpretation in light of 

the HFD Hp -/- phenotype 

Serin Protease 
Inhibitor B6D 
(Serpin B6D) 

 
Serin Protease 
Inhibitor B1A 
(Serpin B1A) 

11.1 
 
 

2.3 

0.021 
 
 

0.021 

Serpins are cytoprotective 
molecules, that inhibit apoptotic 
death (3; 4)  

No specific information available. 

Their over-expression is 
protective for liver health and 
attenuates cell damage that is 
consequent to liver dysfunction 
upon HFD. 

Cell Death 
Inducing  
DFFA-like 
Effector a 
(CIDEa) 

 
 

 Cell Death 
Inducing  
DFFA-like 
Effector c 
(CIDEc) 

0.1 
 
 
 
 
 
 
 

0.3 

0.021 
 
 
 
 
 
 
 

0.021 

CIDE proteins activate apoptosis 
and have a role in energy 
metabolism and lipid droplet 
formation (reviewed in (5; 6)). 

Liver cell apoptosis is a prominent 
pathological feature of human fatty 
liver disease and the degree of 
apoptosis correlates with the 
severity of steatohepatitis and the 
stage of fibrosis (6).  
-/- mice display lean phenotypes, 
increased metabolic rate, and are 
resistant to diet-induced obesity and 
diabetes. 
Control lipid metabolism in 
adipocytes and hepatocytes 
through regulating AMP-activated 
protein kinase stability and 
influencing lipogenesis (7). 

Down regulation is consistent 
with a less steatotic phenotype 
and implies protection against 
apoptosis.  

Complement 
Factor D  

(CFD)  
or  

Adipsin 

0.4 0.021 

Secreted serine protease; it 
complexes with complement C3 
and factor B (acylation-stimulating 
protein, ASP). ASP influences fat 
storage by stimulating 
diacylglycerol acyltransferase 
(DGAT) activity, the rate limiting 
step in triglyceride (TG) synthesis 
(8), indirectly stimulating LPL 
activity in adipose tissue (9), and 
inhibiting lipolysis (10).  

Found overexpressed in the liver 
upon western diet feeding (11).  
 

Inhibition of TG storage is 
consistent with our phenotype. 
  

Acetyl-CoA 
carboxylase  

beta  
(ACACb) 

0.3 0.043 
Catalyzes the first step of long-
chain fatty acids biosynthesis. 

Liver-specific deletion of acetyl-CoA 
carboxylase results in 40/70% 
reduction of TG accumulation. 

Consistent with the lower content 
of Tg in the liver of HFD Hp -/- 
mice (12). 

Uridine 
Phosphorylase 

2 (Upp2) 
0.34 0.021 

Liver specific uridine 
phosphorylase catalyzes the 
reversible phosphorolysis of 
uridine to uracil.  

Regulated by lipid-sensing nuclear 
receptors leads. Among genes 
activated by the HNF-4 lipogenic 
pathway (13). 

Downregulation consistent with 
blunted lipid deposition. 

Hepatocyte 
Nuclear Factor 6 

(HNF6) 
3.5 0.043 

HNF6 is induced by GH. HNF-6 
target genes serve important 
function in hepatic glucose, 
protein, and lipid metabolism, as 
well as hepatocyte DNA synthesis. 

Transcriptional activation of HNF-6 
is associated with improved liver 
repair during biliary injury in mice 
(14).  

Activation of HNF-6 seems to be 
protective for the liver in its 
response to an exogenous insult. 

Forkhead 
transcription 

2.0 0.043 It is phosphorylated in response to 
insulin signaling, this resulting in 

Adenoviral over-expression in liver 
of obese diabetic mice, decreases 

Upregulation might concur to 
determine the phenotype of HFD 
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factor 
 (FOXA2) 

inhibition of its transcriptional 
activity by nuclear exclusion (15). 

hepatic triglyceride content, 
increases hepatic insulin sensitivity, 
reduces glucose production, 
normalizes plasma glucose and 
significantly lowers plasma insulin 
(15). 

Hp -/-showing less pronounced 
hepatic steatosis and insulin 
resistance.  

Glutathione S-
transferase 

Alfa1 (Gsta1) 
 
 

Glutathione S-
transferase 

Mu3 (Gstm3) 

0.3 
 
 
 
 

0.4 

0.021 
 
 
 
 

0.021 

Enzyme that utilizes glutathione in 
reactions contributing to the 
transformation of a wide range of 
compounds, therapeutic drugs, 
and products of oxidative stress 
(16). 

 

Its lower expression in the KO 
may indicate a condition of 
relatively less need of a 
detoxification system.  
Interestingly also Gstm2 is down 
regulated in KO even if of a 
lesser extend (K/W ratio 0.60). 

Cytochrome 
P450 4B1 
(CYP4B1) 

2.0 0.043 
Member of the cytochrome P450 
superfamily of enzymes. Able to 
oxidize fatty acids (17). 

Expressed in the liver at very low 
level.  

No comment. 

Renin 9.7 0.021 

Principally expressed by the 
granular cells of the kidney, it has 
a key role in the conversion of the 
angiotensinogen to angiotensin 1.  

Expression in the liver is generally 
very low. Studies performed in the 
kidney indicate that during 
inflammation, corresponding to 
increased expression of kidney Hp, 
renin undergoes an inflammation-
specific reduction. It was found that 
the transcriptional activity of the 
renin gene appears to be 
moderated by a number of pro-
inflammatory cytokines (18). 

Hp may be among the 
inflammatory factors that concur 
directly, or indirectly, to inhibit 
renin expression this being 
consistent with an important up-
regulation of the gene upon Hp 
deficiency. 

 


