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Background 
 
NgBR is a transmembrane protein described as a Nogo-B-interacting protein. It was initially identified via 

expression cloning as an interacting protein necessary for Nogo-B-stimulated chemotaxis and tube 

formation of endothelial cells in vitro1. Several studies suggest crucial roles of NgBR in vivo for embryonic 

and vascular development in zebrafish2, congenital disorders of glycosylation, and in cancer. Recently has 

been shown to be a conserved subunit required for cis-prenyltransferase (cisPTase) activity3. In eukaryotic 

cells, cis-PT (known also as polyprenyl diphosphate synthase or dehydrodolichyl diphosphate synthase 

(DHDDS)) provides cells with the isoprenoid backbone essential for the formation of dolichol phosphate 

(C55–100; DolP), an obligate lipid carrier necessary for protein glycosylation reactions in the ER. Dolichol is 

a long and hydrophobic isoprenoid lipid consisting of 16–23 isoprene units4.  It displays a broad distribution 

among tissues, cells, and intracellular organelles5. The phosphorylated form of dolichol constitutes only a 

few percent of the total and this derivative plays a well-established role in glycoprotein synthesis6. Only 
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indirect evidence concerning the biological function(s) of dolichol and dolichyl esters is available and it 

suggests that membrane fluidity, permeability, and fusion processes are regulated by these compounds7-10 . 

In animals, inducers of the ER and peroxisomes, plasticizers and carcinogens, can alter the dolichiol 

contents of liver homogenates, microsomes, and/or lysosomes11, 12. Human plasma contains dolichol, 

dolichyl esters, and dolichyl phosphate at concentrations of 41, 102, and 55 ng/g. respectively. These 

polyisoprenoid lipids are associated with the high density lipoprotein fraction. The fate of injected dolichol 

has also been studied. After injection of this lipid into the tail vein of a rat, dolichol was found to be 

associated with HDL. In addition, under in vitro conditions, dolichol, but not dolichyl palmitate, bound 

exclusively to the HDL fraction of human and rat plasma13. Subsequently, an increasing uptake into a 

number of organs, particularly the liver, was observed14. 

 

Methods 

NgBR gene targeting by homologous recombination 

To further elucidate the pathophysiological role of NgBR in mammals and relative influence on dolichol 

distribution in high desity lipoprotein fraction, its distribution from the blood to tissue and the impact of 

dolichol on HDL metabolism, NgBR liver-specific knockout mice were generated. The NgBR gene is located 

at mouse chromosome 10:52.137.365-52.156.570 (ENSMUST00000023830), and consists of 5 exons. Exons 

2-5 contain the cDNA sequence coding for the cytoplasmic domain of NgBR, which is the functional domain 

defined by previous publications1, 3, 15, 16. Therefore, we specifically deleted the cytoplasmic domain of NgBR 

by inserting 2 LoxP sites outside exons 2-4. A targeting vector in which NgBR exons 2 and 4 are flanked by a 

single upstream LoxP site, and a downstream FRT/neomycin resistance/FRT/LoxP cassette was constructed 

using a combination of ligation-mediated and recombineering techniques17. NgBR gene fragments were 

retrieved from 129S strain bacterial artificial clones. A conditional NgBR knockout mouse was created by 

homologous recombination in 129S embryonic stem cells with subsequent implantation into C57BL/6 

embryos to produce chimeric male founders. Crossbreeding with C57BL/6 females established germline 

transmission of the targeted NgBR allele. Correct gene targeting was confirmed by Southern blot analysis of 

genomic DNA isolated from established embryonic stem cells and offspring of chimeric mice. Upon further 

crossbreeding with B6. Cg-Tg(ACTFLPe)9205Dym/J mice (The Jackson Laboratory, Bar Harbor, ME) 
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expressing Flp-recombinase under control of the human β-actin promoter, the FRT-flanked neomycin 

resistance cassette was excised from intron 5, resulting in a floxed allele in which exon 4 is flanked by a 

downstream LoxP site. Mice carrying the floxed allele were crossbred with C57BL/6 background mice. NgBR 

floxed mice were crossbred with albumin-specific Cre mice [Alb-Cre, B6.Cg-Tg(Alb-cre)21Mgn/J] (The 

Jackson Laboratory) on a C57BL/6J background. Alb-Cre efficiently induces hepatocyte-specific 

recombination of floxed genes to generate NgBR LivKO mice.  

Genotyping  

The genomic DNA was extracted from tails of mice using DNA isolation Kit (Qiagen). Genetic variant of 

NgBR was genotyped with a polymerase chain reaction (PCR). PCR amplification was performed using 1 ml 

DNA(1 mg/ml), 1 ml primers (10 pmol), and 10 ml Tag PCR master Mix (Takara) and 8 ml H2O. Genotyping 

primers: Alb-Cre-F: GCGGTCTGGCAGTAAAAACTATC, Alb-Cre-R: GTGAAACAGCATTGCTGTCACTT. The PCR  

program was done by first denaturation at 94°C for 5 minutes, followed by 30 cycles of denaturation at 

94°C for 45 seconds, annealing at 58°C for 30 seconds, and extension at 72°C for 35 seconds. The final 

extension was done at 72°C for 10 minutes. The amplicons were analyzed using 1.0% agarose gel and 

visualized with a gel imager (Life Technologies, USA). 

Lipid distribution 

Mice were fasted for 16 h before blood samples were collected by retro-orbital venous plexus puncture. 

Then, plasma was separated by centrifugation and stored at -80°C. Total plasma cholesterol and 

triglycerides were enzymatically measured (Wako Pure Chemicals Tokyo, Japan) according to the 

manufacturer’s instructions. The lipid distribution in plasma lipoprotein fractions was assessed by fast-

performed liquid chromatography gel filtration with 2 Superose 6 HR 10/30 columns (Pharmacia Biotech, 

Uppsala, Sweden; Goedeke et al, 2014). 

Glucose tolerance test 

Glucose tolerance tests were performed. GTT were performed by IP injection of glucose at a dose of 2g/kg 

for chow diet mice. Blood glucose was measured at 0, 15, 30, 60, and 120 min post injection. No difference 

was found between the groups in glucose metabolism. 

Western blotting  
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To extract total cellular protein, cells were lysed in a lysis buffer (50 mM Tris-HCl, pH 7.5, 1% NP40, 0.1% 

SDS, 0.1% sodium deoxycholate, 0.1 mM EDTA, 0.1 mM EGTA, protease and phosphatase inhibitor cocktail 

(Roche). The cellular lysate was centrifuged for 10 min at 13,000 rpm at 4°C, and the supernatant was 

collected as total cellular extract. To extract nuclear protein, cells were washed twice with cold PBS and 

suspended in 400 ml cold buffer A (10 mM HEPES, pH 7.9, 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM 

DTT, 0.5 mM PMSF). After incubation for 15 min on ice, the suspension was added with 50 ml 10% NP-40 

and continued incubation on ice for 20 min with vigorous 10 s vortex for several times. The supernatant 

was removed after spinning for 30 s at 13,000 rpm at 4°C with a Microfuge. The pellet was re-suspended in 

100 ml cold buffer C (20 mM HEPES, pH 7.91, 400 mM KCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 1 mM 

PMSF, 10 mg/ml each of leupeptin and aprotinin) and kept on ice for 15 min. The mixture was spun again 

for 15 min at 13,000 rpm at 4°C. The supernatant was collected as nuclear extract and kept at -20°C for 

analysis. To determine protein expression by western blotting, 40 mg protein from each sample was loaded  

and separated on a 12% SDS-PAGE gel and transferred onto a nitrocellulose membrane (Bio-Rad). The 

membrane was blocked with PBS containing 5% non-fat dry milk for 1 h at room temperature (RT), and 

then incubated with primary antibody in PBS containing 3% dry fat-free milk overnight at 4°C followed by 

washing for 3x10 min with PBS containing 0.05% Tween 20 (PBS-T). The blot was re-blocked and incubated 

with horseradish peroxidase conjugated donkey anti-rabbit or donkey anti-goat IgG for 1 h at RT. After 

washed for 3x10 min with PBS-T, the membrane was incubated in western blotting chemiluminescence 

reagents. 

Real time RT-PCR  

Total RNA was extracted from tissue samples using RNeasy kit (QIAGEN). The cDNA was synthesized from 1 

mg total RNA by reverse transcription (RT) using iScript cDNA synthesis kit (Bio-Rad, Los Angeles, CA). Real  

pime PCR was performed with Bio-Rad MyiQ detection system and normalized by the corresponding 

GAPDH mRNA levels. 

Primers for real time qPCR 

Species: human 

Gene Foward Primer Reverse Primer 

FASN 5'-AACTCCAAGGACACAGTCACCAT-3' 5’- CAGCTGCTCCACGAACTCAAA -3’ 
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SCD-1 5’- TGGGTTGGCTGCTTGTG -3’ 5’- GCGTGGGCAGGATGAAG -3’ 

ABCA1 5’- AACGAGACTAACCAGGCAATC -3’ 5’- ACACAATACCAGCCCAGAAC -3’ 

ABCG1 5’- GAGGGATTTGGGTCTGAACTG -3’ 5’- CTGTTCTGATCACCGTACTCG -3’ 

ABCG5 5’- TCGGAGAGCTGATTTTCTGTG -3’ 5’- CTATTTCCCGTTCCTTGCTTTG -3’ 

ABCG8 5’- GGTGTTTTGAAGGGCTGATG -3’ 5’- GATGAGGTAGATGGCGTAGAG -3’ 

SREBP-1c 5’- GGATTGCACTTTCGAAGACATG-3’ 5’- AGCATAGGGTGGGTCAAATAGG -3’ 

  

Species: mouse 

Gene Foward Primer Reverse Primer 

FASN 5’- GGCATCATTGGGCACTCCTT -3’ 5’- GCTGCAAGCACAGCCTCTCT -3’ 

SREBP-1c 5’- GAGGCGGCTCTGGAACAGA -3’ 5’- TGTCTTCGATGTCGTTCAAAACC -3’ 

SCD-1 5’- TGGGTTGGCTGCTTGTG -3’ 5’- GCGTGGGCAGGATGAAG -3’ 

DGAT-1 5’- GGTGCCCTGACAGAGCAGAT -3’ 5’- CAGTAAGGCCACAGCTGCTG -3’ 

ABCA1 5’- TGACATGGTACATCGAAGCC -3’ 5’- GATTTCTGACACTCCCTTCTGG -3’ 

ABCG1 5’- CCTTATCAATGGAATGCCCCG -3’ 5’- CTGCCTTCATCCTTCTCCTG -3’ 

ABCG5 5’- CCTGAACATTCCAATCCCTTTG-3’ 5’- ACGTTTCTATTTCCCGCTCTC -3’ 

ABCG8 5’- GGCAAAGGAACTCAACACAAG -3’ 5’- TCCCGGAAGTCATTGGAAATC -3’ 

 

Results 

In order to evaluate lipid profile and measurement eight weeks old male and female WT and NgBR LivKO 

The same experiment was also conducted in older animals (24 weeks old). No statistical difference was 

found in total cholesterol and triglycerides of male and female WT and NgBR LivKO mice at both ages. Also 

FPLC analysis displayed any difference between the groups in VLDL, LDL and HDL distribution.  

Twenty-four weeks old male NgBR LivKO animals showed a reduced body weight compared to same age 

WT mice.  This difference was not found in same age female animals or younger mice. To check if this 

difference was linked with other pathologies Glucose tolerance tests were performed. GTT were performed 

by IP injection of glucose at a dose of 2g/kg for chow diet mice. Blood glucose was measured at 0, 15, 30, 

60, and 120 min post injection. No difference was found between the groups in glucose metabolism.  
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We also investigated the effect of NgBR and Dhdds deficiency in HepG2 cells and NgBR LivKO animals on  

the expression of genes related to reverse cholesterol transport. Total RNA was extracted from NS, siNgBR 

and siDhdds HepG2 cells or liver samples of littermate control and NgBR LivKO mice. Expression of genes 

for reverse cholesterol transport (ABCA1, ABCG1/5/8) in the cells, and in mouse livers was determined by 

real-time RT-PCR. Interestingly, the results show that NgBR and Dhdds deficiency decreased the 

transcription of genes involved in reverse cholesterol transport, ABCA1, ABCG5/8, but increased ABCG1 

showing that it influence this pathway.    

However, NgBR deficiency still resulted in remarkable cellular lipid accumulation that was associated with 

increased free fatty acids (FFA) and triglycerides (TG) in hepatocytes in vitro and in mouse livers in vivo.  

NgBR deficiency-induced accumulation of FFAs and TGs in the liver was investated in cultured HepG2 cells.  

We also tested the Dhdds deficiency, the other subunit required for cis-prenyltransferase (cisPTase) 

activity, in cultured HepG2 cells. We generated a NgBR and Dhdds knockdown HepG2 cell line (siNgBR and 

Dhdds cells) by infecting HepG2 cells with lipofectamine carrying nucleic acids (RNA) into eukaryotic cells. 

To elucidate the underlying mechanisms by which NgBR and Dhdds deficiency induces hepatic FFA and TG 

accumulation, we examined by Western Blot the protein levels of lipogenic genes, such as FASN and SREBP-

1c. Both siNgBR and siDhdds HepG2 cells had reduced expression of FASN and the nuclear (mature) form of 

SREBP-1c (nSREBP-1c). Consistently, reduced expression of both precursor and mature forms of SREBP-1c 

(pSREBP-c, nSREBP-1c), as well as FASN and SCD-1, was observed in the livers of NgBR LivKO mice. These in 

vitro and in vivo results confirm that the deficiency of hepatic NgBR expression reduced hepatic lipogenesis. 

To reveal the mechanism by which NgBR deficiency increases hepatic lipogenesis, we further examined the 

effects of NgBR and Dhdds knockdown in HepG2 cells and NgBR LivKO in mice on the transcription of genes 

regulating lipid biosynthesis and metabolism by real-time PCR array. The results show that NgBR deficiency 

decreased the transcription of genes involved in FA biosynthesis (FASN, SREBP-1c, and SCD-1), and the 

genes for TG biosynthesis (DGAT-1).  

Conclusions 

In this study, we elucidated previously unrecognized roles of NgBR in regulating hepatic lipogenesis in vitro 

and in vivo. The above results suggest that deficiency of NgBR expression reduced hepatic lipogenesis, 

resulting in decreased accumulation of FFA and TG in the liver. 



                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

References 

1. Miao RQ, Gao Y, Harrison KD, et al. Identification of a receptor necessary for Nogo-B stimulated 
chemotaxis and morphogenesis of endothelial cells. Proceedings of the National Academy of Sciences of the 
United States of America. 2006;103(29):10997-1002. 
2. Zhao B, Chun C, Liu Z, et al. Nogo-B receptor is essential for angiogenesis in zebrafish via Akt 
pathway. Blood. 2010;116(24):5423-33. 
3. Harrison KD, Park EJ, Gao N, et al. Nogo-B receptor is necessary for cellular dolichol biosynthesis 
and protein N-glycosylation. The EMBO journal. 2011;30(12):2490-500. 
4. Chojnacki T, Dallner G. The biological role of dolichol. The Biochemical journal. 1988;251(1):1-9. 
5. Elmberger PG, Engfeldt P, Dallner G. Presence of dolichol and its derivatives in human blood. 
Journal of lipid research. 1988;29(12):1651-62. 
6. Struck DK, Lennarz WJ. The function of saccharide-lipids in synthesis of glycoproteins.  The 
biochemistry of glycoproteins and proteoglycans: Springer; 1980. p. 35-83. 
7. Lai CS, Schutzbach JS. Dolichol induces membrane leakage of liposomes composed of 
phosphatidylethanolamine and phosphatidylcholine. FEBS letters. 1984;169(2):279-82. 
8. De Ropp J, Troy F. 2H NMR investigation of the organization and dynamics of polyisoprenols in 
membranes. Journal of Biological Chemistry. 1985;260(29):15669-74. 
9. Valtersson C, van Duyn G, Verkleij AJ, et al. The influence of dolichol, dolichol esters, and dolichyl 
phosphate on phospholipid polymorphism and fluidity in model membranes. The Journal of biological 
chemistry. 1985;260(5):2742-51. 
10. ban Duijn G, Valtersson C, Chojnacki T, et al. Dolichyl phosphate induces non-bilayer structures, 
vesicle fusion and transbilayer movement of lipids: a model membrane study. Biochimica et Biophysica Acta 
(BBA)-Biomembranes. 1986;861:211-23. 
11. Edlund C, Ganning AE, Dallner G. The influence of prolonged di(2-ethylhexyl)phthalate treatment 
on the dolichol and dolichyl-P content of rat liver. Chemico-biological interactions. 1986;57(3):255-70. 
12. Edlund C, Ericsson J, Dallner G. Changes in hepatic dolichol and dolichyl monophosphate caused by 
treatment of rats with inducers of the endoplasmic reticulum and peroxisomes and during ontogeny. 
Chemico-biological interactions. 1987;62(2):191-208. 
13. Keenan RW, Kruczek ME, Fischer JB. The binding of [3H] dolichol by plasma high density 
lipoproteins. Biochimica et Biophysica Acta (BBA)-Lipids and Lipid Metabolism. 1977;486(1):1-9. 
14. Keenan RW, Fischer JB, Kruczek ME. The tissue and subcellular distribution of [3H] dolichol in the 
rat. Archives of biochemistry and biophysics. 1977;179(2):634-42. 
15. Harrison KD, Miao RQ, Fernandez-Hernando C, et al. Nogo-B receptor stabilizes Niemann-Pick type 
C2 protein and regulates intracellular cholesterol trafficking. Cell metabolism. 2009;10(3):208-18. 
16. Park EJ, Grabinska KA, Guan Z, et al. Mutation of Nogo-B receptor, a subunit of cis-
prenyltransferase, causes a congenital disorder of glycosylation. Cell metabolism. 2014;20(3):448-57. 
17. Fahs SA, Hille MT, Shi Q, et al. A conditional knockout mouse model reveals endothelial cells as the 
principal and possibly exclusive source of plasma factor VIII. Blood. 2014;123(24):3706-13. 

 La Società Italiana di Farmacologia dichiara che i dati personali comunicati dal Socio sono trattati in 
conformità alle disposizioni del D. Lgs. 196/2003 ed alla normativa comunitaria secondo quanto indicato 
specificamente nell’informativa privacy reperibile sul sito internet della Società all’indirizzo  
https://sif-
website.s3.amazonaws.com/uploads/attachment/file/240/Informativa_Privacy_SIF_Generica.pdf che il 
Socio, con la sottoscrizione del presente Contratto, dichiara di aver compiutamente visionato, compreso e 
accettato. 
 

Data 29-10-2018                                                                                         

                   Firma  

 

 

https://sif-website.s3.amazonaws.com/uploads/attachment/file/240/Informativa_Privacy_SIF_Generica.pdf
https://sif-website.s3.amazonaws.com/uploads/attachment/file/240/Informativa_Privacy_SIF_Generica.pdf

