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1. Program Accomplishments:  

  
Hypothesis:  
 
The hypothesis of our proposal was that FXR deficiency especially in nephropathy 

susceptible genetic backgrounds will result in accelerated diabetic nephropathy. 
 

Progress toward stated milestones:  
 
We obtained the FXR generalized knockout mice on the C57BL/6 genetic background we 

submitted them to JAX from them to a) backcross into FVB, DBA-2J and SvEv129 genetic 
backgrounds, and b) cross breed with the Akita mice with type 1 diabetes and db-db mice with 
type 2 diabetes. 

 
In the interim in our lab we generated a FXR knockout mouse colony on the nephropathy 

resistant C57Bl/6 genetic background and we fed them a western diet (high fat and cholesterol) 
and we induced hyperglycemia with streptozotocin, 50 mg/kg, IP, 5 consecutive doses.  

 
We found that at the end of the 2 month period FXR KO diabetic mice have a 10-fold 

increase in urinary albumin to creatinine ratio (Figure 1), they have hypertrophic glomeruli and 
develop renal tubular lesions (Figure 2), they have increased macrophage infiltration in the 
glomeruli (Figure 3), they have altered expression of podocyte staining (Figure 4), they have a 
relative increase in GBM thickness and podocyte foot process effacement (Figure 5), they have 
increased accumulation of fibronectin and increased staining of alpha-smooth cell actin (Figure 
6), increased Mason Trichrome staining suggestive of tubulointerstitial fibrosis (Figure 7), 
increased expression of TGF-beta 1, alpha-smooth cell actin, and fibroblast specific protein-1 
(Figure 8), increased microRNA 192 and decreased microRNA 29a (Figure 9).  
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Figure 9  
In addition in the FXR KO diabetic mice we found increased oil red o staining in the 

glomeruli and tubular cells (Figure 10), which correspond to increases in renal triglyceride and 
cholesterol content (Figure 11). These lipid alterations are mediated by increased SREBP-1c 
mediated fatty acid and triglyceride synthesis (Figure 12) and increased cholesterol uptake 
mediated by LDLR and LOX-1 (Figure 13). 
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The increase in SREBP-1c in the FXR KO diabetic mice is quite significant as in prior 
studies we have determined that increased expression of SREBP-1 per se (SREBP-1 transgenic 
mice) mediates lipid accumulation as well as inflammation, oxidative stress, and fibrosis in non-
hyperglycemic and non-hyperlipidemic mice. In contrast the renal effects of diet induced obesity 
and diabetes is significantly attenuated in SREBP-1 KO mice. 

 
Jackson Labs has recently generated the FXR KO mice in the FVB genetic background 

and they have started to cross them with the Akita mice. Preliminary studies indicate that the 
female FXR KO mice on FVB genetic background develop prominent glomerular lesions yet to 
be defined and the male FXR KO mice on the FVB genetic background also develop glomerular 
lesions and have marked lipid accumulation in the glomeruli. 

 

Female 09-520: FXR-/-, wild type at Ins2
(e.g., not Akita) Nephropathy

H&E staining shows global glomerular hyalinization and tubular changes

 

Female 09-520: FXR-/-, wild type at Ins2 (e.g., 
not Akita) Nephropathy

Silver methenamine stain shows no 
unusual GBM thickening 

PAS stain shows increased PAS 
positive material in the glomerular 

tuft, but no unusual GBM thickening
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Female 09-521: FXR-/-, Ins2Akita/+

Glomeruli and tubules show the same pathologic changes as in 09-520

 

Female 09-521: FXR-/-, Ins2Akita/+

Silver methenamine and PAS stains show the same features as in 09-520
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Male 09-688: FXR-/-, Ins2Akita/+

Oil red O stains show the fat droplets

 
 
 
 
 

Male 09-688: FXR-/-, Ins2Akita/+

PAS stain shows increased PAS positive material in the glomerular tuft and 
hyalinization 
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Plans for the Upcoming Year:  
 
The above studies indicate that while FXR KO mice have a 10-fold increase in 

proteinuria they do not develop robust classical glomerular lesions of diabetic 
glomerulosclerosis. We are in discussions to determine alternate mechanisms for the genesis of 
glomerular proteinuria as well as possibly determining the potential role of the proximal tubule 
in the resultant albuminuria. 

 
The above studies were conducted in 6 month old FXR KO mice. To rule out age-

dependent changes we will also conduct studies in 2 month old FXR knockout mice and in these 
studies we will also measure blood pressure by telemetry as FXR has also been shown to have 
vascular effects. 

 
In addition we will continue to characterize the FXR KO mice on the FVB genetic 

background generated by JAX and the FXR KO mice crossed with Akita mice.  
 
 

2. Collaboration: 
 

With other AMDCC PIs:  
 
We are in the process of examining the pathways which the other AMDCC PIs have 

determined to play an important role in the pathogenesis of diabetic nephropathy. Of great 
significance we have found that FXR modulates eNOS and Bradykinin 2 Receptor which Ray 
Harris and his group at Vanderbilt and Oliver Smithies and his group at University of North 
Carolina at Chapel Hill has determined to be critical for diabetic nephropathy. 

 
In this regard in collaboration with Ray Harris we are starting to study the effects of FXR 

activating ligands in db-db mice, eNOS KO mice and db-db x eNOS double KO mice. These 
studies were inspired by our finding that FXR modulated eNOS in the kidney. 

 
In addition in collaboration with Oliver Smithies we will study the effects of FXR 

activating ligands in Akita mice, Bradykinin B1 and B2 Receptor KO mice and Akita x B1B2 
KO mice. These studies were inspired by our finding that FXR modulated B2 Receptor in the 
kidney. 

 
Since we have also been successful in generating FXR transgenic mice future studies can 

also employ these mice to determine the effects of FXR per se in the diabetic models. 
 

With JAX: 
 
JAX is generating the FXR KO mice on the FVB, DBA-2J and SvEv129 genetic 

backgrounds and they are crossing them onto the Akita and db-db mice on the parallel genetic 
backgrounds. 
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With the MMPCs: 
 
We are working with the Seattle MMPC for the kidney pathology studies. In the future 

we will also consider working with the metabolic phenotyping MMPCs to fully determine 
carbohydrate and lipid metabolism in the FXR KO mice.  

 
With other non-AMDCC PIs: 
 
During the past academic year Richard Johnson moved from U of Florida to U of 

Colorado and we will start using our mice to determine for the presence of additional pathways 
which they have determined to play an important role in diabetic nephropathy. 
 
 

3. Address previous EAC comments:   
 
COMMENTS: The Levi lab studies the role of the nuclear hormone receptor, FXR, in diabetic 
complication pathogenesis.  Given the role of abnormal fatty acid metabolism in the 
pathogenesis of diabetic complications, phenotyping FXR null and over-expressing diabetic mice 
(goals of this project) should provide interesting results.  Progress has been adequate in 
generating the mouse strains needed for these studies.  Several aims will completed by end of 
2008 and the remaining consortium funding will be used to phenotype the “FXR-manipulated” 
animals after crossing with type 1 and type 2 DM models.  
 
REPLY: These studies are in progress. 
 
COMMENTS: The FXR KO seems to have a strong phenotype and interaction with diet.  Is 
there any effect on arterial pressure?  
 
REPLY: In the current studies we will also carefully monitor arterial blood pressure.  
 
COMMENTS: The plans to do more microscopy seem warranted.  
 
REPLY: In addition to light microscopy we are also performing immunofluorescence 
microscopy and electron microscopy analyses of the kidney samples.  
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