
SUPPLEMENTARY DATA 
 

©2014 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db14-0472/-/DC1 

Supplementary Table 1. Primers used in qPCR 
 

  Gene forward primer (5'-3') reverse primer (5'-3') 
β-actin AGAGGGAAATCGTGCGTGAC CAATAGTGATGACCTGGCCGT 
Hif-p4h-2 CTGGGCAACTACAGGATAAAC GCGTCCCAGTCTTTATTTAGATA 
Hif-p4h-1 GGCAACTACGTCATCAATG ACCTTAACATCCCAGTTCTGA 
Ucp1 GGCCAGGCTTCCAGTACCATTAG GTTTCCGAGAGAGGCAGGTGTTTC 
Adiponectin GTCAGTGGATCTGACGACACCAA ATGCCTGCCATCCAACCTG 
Leptin CAAGCAGTGCCTATCCAGA AAGCCCAGGAATGAAGTCCA 
Ccl2 CCTGCTGTTCACAGTTGCC ATTGGGATCATCTTGCTGGT 
Glut1 Quantitect primer assays (Qiagen)   
Glut2 TTCCAGTTCGGCTATGACATCG CTGGTGTGACTGTAAGTGGGG 
Glut4 Quantitect primer assays (Qiagen)   
Hk1 Quantitect primer assays (Qiagen)   
Pfkl Quantitect primer assays (Qiagen)   
Pgk1 GGAGCGGGTCGTGATGA GCCTTGATCCTTTGGTTGTTTG 
Gapdh TGTGTCCGTCGTGGATCTGA TTGCTGTTGAAGTCGCAGGAG 
Ldha GGATGAGCTTGCCCTTGTTGA  GACCAGCTTGGAGTTCGCAGTTA 
Pdk1 Quantitect primer assays (Qiagen)   
Pdk4 Quantitect primer assays (Qiagen)   
Pparɣ GCCCACCAACTTCGGAATC TGCGAGTGGTCTTCCATCAC 
Pparα CCTGAACATCGAGTGTCGAATAT GTTCTTCTTCTGAATCTTGCAGCT 
Srebp1c GAGCCATGGATTGCACATTT CTCAGGAGAGTTGGCACCTG 
Accα GAAGTCAGAGCCACGGCACA  GGCAATCTCAGTTCAAGCCAGTC  
Lipe CAGAAGGCACTAGGCGTGATG  GGGCTTGCGTCCACTTAGTTC 
Pnpla2 CAACGCCACTCACATCTACGG  GGACACCTCAATAATGTTGGCAC 
Fas TCCTGGAACGAGAACACGATCT GAGACGTGTCACTCCTGGACTTG 
Irs1 TCCCAAACAGAAGGAGGATG CATTCCGAGGAGAGCTTTTG 
Irs2 GTAGTTCAGGTCGCCTCTGC TTGGGACCACCACTCCTAAG 
Ldlr TCCCTGGGAACAACTTCACC CACTCTTGTCGAAGCAGTCAG 
ApoB TTGGCAAACTGCATAGCATCC TCAAATTGGGACTCTCCTTTAGC 
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Supplementary Figure 1. Hif-p4h-2 mRNA and protein levels, Hif-p4h-1 mRNA levels, tibia lengths, 
liver weights and uncoupling protein 1 (Ucp1) mRNA levels in the Hif-p4h-2gt/gt and wild-type mice. (A) 
qPCR analysis of wild-type Hif-p4h-2 and Hif-p4h-1 mRNA levels in Hif-p4h-2gt/gt tissues relative to 
those in the wild type. SKM = skeletal muscle, WAT = white adipose tissue and BAT = brown adipose 
tissue. (B) Tibia lengths of 1-year-old female and male wild-type (wt) and Hif-p4h-2gt/gt (gt/gt) mice and 
their liver weights relative to tibia length (n = 6 - 10 per group). (C) Western blot analysis of Hif-p4h-2 
protein levels in cytosolic fractions of WAT. -tubulin was used as a loading control. A buffer of 8M 
Urea, 300 mM NaCl, 40 mM Tris-HCl pH 7.6 and 0.5% NP-40 was used to prepare cytosolic fractions. 
The blots were probed with primary antibodies for Hif-p4h-2 (NB100-2219, Novus) and α-tubulin (T-
6199, Sigma-Aldrich). (D) qPCR analysis of the Ucp1 mRNA levels in BAT relative to β-actin. All data 
are mean ± SEM. *P < 0.015, **P < 0.01 and ***P < 0.001. 
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Supplementary Figure 2. Hif-p4h-2gt/gt mice have no alterations in the amount of food intake and 
physical activity. Metabolic home cage analyses of food intake (normal chow) (g food/mouse/98 h, g 
food/g body weight/98 h), physical activity (counts/24 h), O2 consumption and CO2 production (l/h/kg) 
of 4-month-old female mice (n = 4 per group). Respiratory exchange ratio (RER) is also shown. Before 
the measurements the mice were housed singly for 9 days in training cages similar to those used in the 
actual measurements, in order to minimize the stress effect. All the cages were equipped with wooden 
chips as bedding. An automated analyzing system (LabMaster, TSE Systems GmbH, Bad Homburg, 
Germany) was used for data measurement. The data were collected for 4 days (98 h) (measurement 
started at 9:00 a.m.) at room temperature (21 ± 1°C, air humidity 40–60%). The mice had free access to 
tap water and food during all the experiments. The experimental room had a 12-12 h light/dark rhythm 
(lights on 7:00 a.m. – 7:00 p.m.). All data are mean ± SEM. * P < 0.05. 
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Supplementary Figure 3. Adiponectin, leptin and chemochine (C-C) motif ligand 2 mRNA levels and 
serum adiponectin and leptin levels in Hif-p4h-2gt/gt and wild-type mice. (A) qPCR analysis of the 
mRNA level of adiponectin, leptin and chemochine (C-C motif) ligand 2 (Ccl2) relative to β-actin in 
WAT (n = 4 - 6 per group). (B) ELISA analysis of serum adiponectin and leptin levels in 1-year-old 
wild-type and Hif-p4h-2gt/gt mice (n = 12 - 22 per group). Serum was collected and Mouse Adiponectin 
Immunoassay (MRP300, R&D Systems) and Mouse Leptin ELISA kit (EZML-82K, Millipore) were 
used to determine the serum levels of adiponectin and leptin, respectively. All data are mean ± SEM. *P 
< 0.05, **P < 0.01 and ***P < 0.5 x 10-7. 
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Supplementary Figure 4. Improved glucose tolerance of the Hif-p4h-2gt/gt mice is independent of 
gender. (A) Glucose tolerance test results for 1-year-old male mice. The mice were fasted for 12 h, at 
which point their 0-min blood glucose was determined. The mice were then injected intraperitoneally 
with 1 g/kg glucose and their blood glucose levels were measured at the time points indicated (n = 7 per 
group). (B) Serum insulin levels and HOMA-IR values determined from the glucose tolerance test in 
(A). All data are mean ± SEM.*P < 0.05. 
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Supplementary Figure 5. Hif-p4h-2gt/gt mice have altered expression of genes of glucose and lipid 
metabolism. (A) qPCR analyses of the mRNA levels of HIF target genes and lipid metabolism genes in 
the liver of Hif-p4h-2gt/gt mice relative to the wild type. Pfkl, phosphofructokinase; Pgk1, 
phosphoglycerate kinase-1; Gapdh, glyceraldehyde phosphate dehydrogenase; Ldha, lactate 
dehydrogenase a; Pdk1 and Pdk4, pyruvate dehydrogenase kinases 1 and 4. The expression of each gene 
was studied relative to β-actin (n = 6 - 9 per group). (B) Western blot analysis of selected Hif-targets 
from WAT of wild type (wt) and Hif-p4h-2gt/gt (gt/gt) mice. Vinculin was used as a loading control. 
Glut4, glucose transporter 4; Gapdh, glyceraldehyde phosphate dehydrogenase; Pdk1, pyruvate 
dehydrogenase kinase-1. A buffer of 8M Urea, 300 mM NaCl, 40 mM Tris-HCl pH 7.6 and 0.5% NP-40 
was used to prepare cytosolic fractions. The blots were probed with primary antibodies ab654 for Glut4 
(Abcam), ab8245 for Gapdh (Abcam), KAP-PK112 for Pdk1 (Assay Designs) and V4505 for Vinculin 
(Sigma Aldrich). 
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Supplementary Figure 6. Adipocytes, fasting serum insulin levels and HOMA-IR scores in the Hif-
p4h-2gt/gt and wild-type mice after 6-week HFD administration. (A) Cross-sectional area of WAT 
adipocytes, scale bar 100 µM. (B) Serum insulin levels and HOMA-IR scores. 
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Supplementary Figure 7. Schematic model of the molecular level effects of HIF-P4H-2 inhibition that 
lead to protection against obesity and metabolic dysfunction. WAT, white adipose tissue; GLUT1, 
GLUT2, and GLUT4, glucose transporters 1, 2 and 4; HK1, hexokinase-1; PFKL, phosphofructokinase; 
PGK1; phosphoglycerate kinase-1; GAPDH, glyceraldehyde phosphate dehydrogenase; LDHa, lactate 
dehydrogenase a; PDK1, pyruvate dehydrogenase kinase-1; PDH, pyruvate dehydrogenase; b-Glucose, 
blood glucose; IRS2, insulin receptor substrate-2; SREBP1c, sterol regulatory element-binding protein 
1c; ACCα, acetyl-CoA carboxylase α; FAS, fatty acid synthase. Dashed arrow indicates pathway for 
which direct evidence is not shown in this study. Most important findings are indicated in bold. This 
model does not exclude the possibility that HIF-P4H-2 inhibition may also influence other HIF relevant 
genes that were not investigated here. The interrelationships and metabolic feedback between tissues are 
very complicated and thus this scheme must be considered as a simplified attempt to describe the 
molecular level events that take place. 
 

 
 


