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I- Mice

We are currently breeding several strains of mice for the cystinosis research project:

 1- Ctns-/- mice

We have a large colony of C57BL/6 Ctns-/- mice to support all the different transplantation-based treatments that we are testing. 


2- GFP transgenic mice

We generated a colony of mice transgenic for the Green Fluorescent Protein (GFP) expressed under the control of a ubiquitous b-actin promoter (C57BL/6-Tg(ACTB-EGFP)1Osb/J, Jackson Laboratory). The mice are used to isolate bone marrow stem cells, which express the wild-type Ctns gene, and that are GFP+ so that they can be followed after transplantation in lethally irradiated Ctns-/- mice. 

3- Luciferase transgenic mice


We received in February 2008 the Luciferase transgenic mice provided by Dr. Michael Geusz (Bowling Green State University, Ohio). Firefly Luciferase reporter gene is expressed under the control of a CMV promoter 


[Collaco and Geusz, 2003] ADDIN EN.CITE . The goal is to isolate bone marrow stem cells from these mice and follow them in live animals using the IVIS Imaging System 200 Series (Xenogen) after transplantation. This approach will be complementary to using stem cells obtained from the GFP transgenic mice and performed in parallel. The potential advantage of using the luciferase mice as the donors of stem cells is that we can image the engraftment of the stem cells and their locations in live mice in a serial fashion for any given experiment. 


4- Galectin-3 deficient mice


In the laboratory of Dr. Corinne Antignac, they showed that cystinosin interacts with Galectin-3 in vitro (unpublished data).  To prove this interaction in vivo, we generated the double knock out mice, Ctns-/- Gal3-/- at The Scripps Research Institute in collaboration with Dr. Antignac. We obtained the Gal3-/- mice from Dr. Dan Hsu 


[Hsu et al., 2000] ADDIN EN.CITE  in December 2007. The first pups were born in February 2008. These mice were heterozygous, Ctns+/- Gal3+/-. We then bred the double heterozygous mice together to obtain Ctns-/- Gal3-/- double knock out mice, the first of which were born on March 23rd 2008. Today, we have 6 male and 4 female Ctns-/- Gal3-/- animals, which are currently breeding. Once a larger quantity of Ctns-/- Gal3-/- mice will be achieved, we will analyze their renal function and their general phenotype, and tissues will be sent to Dr. Antignac for more specific analyses. We predict one of two outcomes. If the cystinosin/galectin interaction plays two separate and complementary roles in cellular cystine metabolism then we might see an increased renal disease in these animals. However, if cystinosin is required for galectin function in this pathway, then the double knock out animals should have the same amount of renal disease as the single cystinosin gene knock out. Nonetheless, once Dr. Antignac has all the tissues, there are additional possibilities for advancing our understanding of cystine metabolism and cystinosin function.


5- Vanin-3 deficient mice


Vanin genes encode pantetheinase that catalyzes the hydrolysis of D-pantetheine permitting the recycling of pantothenate (vitamin B5) and the generation of cysteamine in vivo [Martin et al., 2001]. There are three orthologous genes in humans (VANIN-1, -2 and -3) and two in mouse (vanin-1 and -3). In mice, vanin-1 and -3 have a different pattern of expression, vanin-1 is primarily found in epithelial cells and is abundant in liver, intestine and kidney, and vanin-3 is preferentially expressed in myeloid cells with additional ubiquitous, albeit lower, expression in many tissues [Min-Oo et al., 2007]. Thus, we now realize that human and mouse cells make some cysteamine naturally using the vanin gene pathway. Our hypothesis is that mice make significantly more than humans, particularly in the kidney, and that is why the disease phenotype of the mice is less severe.  In collaboration with Dr. Allison Eddy, we will generate the triple knock out mice Ctns-/- Vnn1-/- Vnn3-/-. The experimental objective is to test our hypothesis that knocking out the vanin gene pathway in mice will increase the severity of the cystinosis phenotype especially the kidney defects in Ctns-/- mice. Dr. Eddy is generating the double knock out mice Ctns-/- Vnn1-/- and we are generating the double knock out mice Ctns-/- Vnn3-/-, which will subsequently be bred together. The Vnn3-/- mice are the A/J strain mice, which carry a unique nonsense mutation that leads to a truncated protein as well as a rearrangement in the Vnn3 promoter region [Min-Oo et al., 2007]. This mutation makes theses mice susceptible to malaria in contrast to the C57BL6 mice, and this susceptibility can be partially reversed by cysteamine. We obtained the A/J mice from Jackson laboratory in February 2008 and they are currently breeding with the Ctns-/- mice.

6- Sod1 and Sod2 deficient mice

As already described in the original proposal and in the previous progress reports, the proximal tubulopathy in cystinosis might be due to an oxidative stress that leads to a decrease of ATP levels in proximal tubules. Our hypothesis is that the inhibition of SOD, an antioxidant protein protecting the cells against oxidative stress production, in Ctns-/- mice, will lead to the development of a proximal tubulopathy in these mice. We thus backcrossed Ctns-/- mice with Sod1 and Sod2-deficient mice, and generated Ctns-/- Sod1-/- and Ctns-/- Sod2+/-.

We measured creatinine, urea and phosphate levels in the serum and in 24h urine collections, alkaline phosphatase in the serum and protein in urine of the Ctns-/- Sod1-/-, Ctns-/- Sod2+/- and the appropriate controls. This is currently done in our laboratory using the BioAssay Systems kits. We also measured aminoaciduria in selected mice using the UCSD Biochemical Genetics laboratory. 
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The Ctns-/- Sod1-/- mice exhibit an elevated alkaline phosphatase between 1 and 3 months that goes back to normal afterwards (Figure 1A). They do not present with any other defect in their blood and urine at least to the current time of follow-up, 6-months old. Thus, so far, there is no evidence that the genetic Sod1 defect is having any deleterious impact on renal function in the Ctns-/- background. 

The Ctns-/- Sod2+/- had a normal urea, creatinine and alkaline phosphatase at 2 and 5 months of age. However, the mice exhibit an elevated proteinuria at 2 and 5 months and an elevated phosphaturia at 5 months old (Figure 1B). This might be signs of the beginning of a proximal tubulopathy, but more mice are necessary to confirm these potentially interesting data. We also plan to generate the triple knock out mice Ctns-/- Sod1-/- Sod2+/-. Our overall objective is to determine if oxidative metabolism is an important factor in the development and/or severity of cystinosis renal disease. 
II- Treatment of cystinosis nephropathy using ureteral injection of adeno-associated virus expressing CTNS

A grant has just been submitted for this part of the project to the Cystinosis Research Foundation with all the preliminary data and the research design and methods.
III - Treatment of cystinosis nephropathy using genetically modified adult stem cells in the murine cystinosis model

We performed bone marrow stem cell (BMSC) transplantations in Ctns-/- mice. BMSC were isolated from our colony of GFP transgenic mice or wildtype C57BL6 mice. For controls, we isolated BMSC from Ctns-/- mice. The premise is that we need to exclude the possibility that simply transplanting BMSC might have some unexpected impact on the Ctns-/- mice. We transplanted either BMSC or mesenchymal stem cells (MSC). We performed the cell injections by two methods: tail vein injection in sublethally irradiated mice or retrograde ureteral injections into the ureter of the left kidney.  

Part of the results for this project has been presented to the International Cystinosis Research symposium in April 2008. A manuscript is currently being written for publication and will be sent to the Cystinosis Research Foundation before the end of August 2008.
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Figure 1: (A) Serum alkaline phosphatase in Ctns-/- Sod1-/- mice compared to the controls. (B) Proteinuria and phosphaturia  in Ctns-/- Sod2-/- compared to the controls.











PAGE  
1

