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Supplementary Material Figure S1 
Analysis of ceruloplasmin expression level in liver and perigonadal adipose tissue in 
C57Bl/6J wild-type mice 
Western blot analysis: Liver and perigonadal adipose tissues (pgAT) from C57Bl/6J 
wild-type mice were homogenized in the presence of lysis buffer (PBS, 1% TritonX100, 
protease inhibitors). Protein from extracts (30 μg each sample) were resolved on 10%-
acrylamide SDS-PAGE and analyzed by Western blot to measure the tissue difference 
in ceruloplasmin expression, normalize for the total protein content, using Goat anti-
Cp antibody (Abcam, ab19171) followed by HRP conjugated secondary antibody 
incubation and enhanced chemiluminescence development. 
Densitometric analysis: Densitometric analysis were performed using ImageJ software, 
and data are presented as signal ratio between pgAT/Liver for each mouse, the result 
shows the ceruloplasmin expression in pgAT is about two-fold increased than liver 
tissue homogenates. 

 

 
 
Figure S1. A) Representative images of Western blot (WB) analysis in five out of seven samples of liver 
and pgAT homogenates from different mouse (n=7), showed the higher expression level of Cp protein 
in pgAT compared to liver. B) Nitrocellulose filter of the representative WB showed in A stained with 
Ponceau-red that was used as an internal loading control for quantitative analysis. Arrows indicate the 
non-specific background signal in liver extracts corresponding to the large protein band visible in the 
ponceau red stained nitrocellulose. C) Quantitation of the relative Cp abundance reported as signal 
ratio between pgAT/Liver for each mouse. 
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Supplementary Material Figure S2 
Histological analysis of liver fibrosis by Sirius red staining 
Tissues from CpKO and WT mice of 10 months of age were fixed in 4% 
paraformaldehyde and paraffin embedded. Sirius Red staining was performed on 3 
µm thick section at the Animal Histopathology facility, HSR. Samples were analyzed 
with Zeiss AxioImager microscope.  

 

 
 
Figure S2. Representative images of Sirius Red histological staining on liver sections from 10 months-
old WT and CpKO mice. Scale bars= 100 µm. 
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Supplementary Material Figure S3 

Analysis of total copper and zinc ions content in liver.  
Quantitative analysis of total copper and zinc metal ions content in the liver of 10 
months old mice was performed by inductively coupled plasma mass spectrometry 
(ICP-MS) as described in Materials and Methods. 

 
 

 
 
Figure S3. Copper (Cu) and zinc (Zn) metal ions evaluation in liver of ceruloplasmin-deficient (CpKO) 
and wild-type (WT) mice untreated or treated for 2 months with purified human ceruloplasmin (Cp) 
as reported in Materials and Methods. Data are reported as mean±SEM of the concentration in µg/g of 
dry (lyophilized) tissue of the animal groups; each dot corresponds to one animal (CpKO, WT n= 5; 
CpKO+Cp, WT+Cp, n=6). 
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Supplementary Material Figure S4 
Adipose tissue accumulation in CpKO mice. 
 

 
 
 
Figure S4. Representative images of perigonadal (white arrows) and sub-cutaneous (black arrows) 
adipose tissue accumulation in 10 months-old CpKO and WT mice. 
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Supplementary Material Figure S5 
Analysis of adipocytes hypertrophy in CpKO mice. 
To assess whether the adipose tissue mass increase at 10 months of age in CpKO mice 
was also paralleled by adipocytes hypertrophy, we measured the size of the 
adipocytes of perigonadal adipose tissue. Tissues were fixed in 4% paraformaldehyde 
(1 h at 4°C), transferred in 70% ethanol solution and 24 h later embedded in paraffin. 
Hematoxylin-eosin staining was performed on 3 µm thick section at the Animal 
Histopathology facility at OSR. Samples were analyzed with Zeiss AxioImager 
microscope. Adipocytes’ size was quantified on histological images with an 
automated analysis protocol for area and diameter detection, set up on ImageJ 
software. Images were segmented by a threshold filtration to define the adipocytes 
boundaries, and then area and Feret’s diameter for each cell was analyzed. Five 
images per mouse were acquired with on average 86 adipocytes/image (range 59-
127), for a total of 430 adipocytes/mouse measured on average. 
Even if two-ways ANOVA was not significant, the CpKO mice showed small 
enlargement of adipocytes size and diameter compared to WT mice suggesting slight 
hypertrophy of adipocytes in Cp-deficient mice. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S5. Adipocytes hypertrophy analysis in perigonadal adipose tissue (pgAT) of mice at 10 months 
of age after 2 months of treatment with intraperitoneal injection of Cp 5 μg/g, administered every 5 
days (KO+Cp; WT+Cp) or saline (KO, WT). (a) Representative histological paraffin sections (3 µm thick) 
stained by hematoxylin-eosin of pgAT from mice. (b, c) Analysis of adipocyte size reported as pixel 
area (b) and Feret’s diameter (c). The analysis was performed with ImageJ software. Data: mean±SEM 
of animal groups, each dot corresponds to one animal (CpKO, WT n= 5; CpKO+Cp, WT+Cp, n=6); 
statistical p values were evaluated by two-ways ANOVA and reported as value for ANOVA, value for 
Benjamini-Hochberg adjustment for multiple ANOVA tests related to adipose tissue features (adj-
ANOVA), genotype variable (gen), treatment variable (treat) and the interaction of genotype/treatment 
(gen/treat). Scale bars= 100 µm. 
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Supplementary Material Table S1 
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