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The overall goal of this project was to establish the principal feasibility of therapy of renal Fanconi syndrome due to cystinosis with immunocompatible pluripotent stem cells. For this purpose, we used mouse parthenogenetic embryonic stem cells (pESCs) and mouse induced pluripotent stem cells (iPSCs). The rationale behind using pESCs was that these are pluripotent stem cells that are frequently homozygous at the major histocompatibility locus (MHC), which allows efficient immune matching with MHC heterozygous individuals. Thus, pESCs have potential as a source of immunocompatible renal progenitor cells. iPSCs, on the other hand, can be derived from a patient’s own somatic cells. Therefore, long-term engraftment of differentiated progeny of iPSCs is also thought to not require immunosuppression. 
We have made the following discoveries:

1) By using a developmental chimera approach, we obtained proof-of-principle that pESCs have the functional and proliferative capabilities needed to rescue kidney and liver function in fumarylacetoacetate hydrolase (Fah)-deficient mice, a model of moderate renal proximal tubulopathy and liver failure. Furthermore, we found that, although pESC-derived cells are effective in organ regeneration, their proliferative capabilities are inferior to those of normal cells. A manuscript describing these findings has been written. We are currently completing investigations of the molecular mechanism underlying the impaired proliferative capabilities of pESC-derived cells. We expect to submit this manuscript defining the potential of pESCs for therapy of renal proximal tubulopathy and liver failure to a peer-reviewed journal by the end of this year. We have already published a review highlighting the usefulness of developmental chimeras for analyses of the regenerative capabilities of candidate cell types such as pESCs in the journal Cell Cycle (1). 

2) Because our findings revealed that pESC-derived proximal tubular cells regenerate the injured proximal tubular apparatus less efficiently than normal cells, we turned to iPSCs as an alternative immunocompatible cell source. To determine whether iPSCs are effective in regenerating the renal proximal tubular apparatus and the liver, we again used a developmental chimera approach involving blastocysts from Fah-deficient mice. This study yielded proof-of-principle that renal proximal tubular cells and hepatocytes derived from iPSCs have the same functional and proliferative capabilities and thus therapeutic efficacy as cells derived from normal ESCs. These results were published in the Journal of Clinical Investigation (2). 

3) We have also undertaken studies aimed at establishing the feasibility of regenerating the renal proximal tubular apparatus with transplanted kidney progenitor cells generated by differentiation of pluripotent stem cells (ESCs or iPSCs) in vitro. For this purpose, we used mouse ESCs expressing a brachyury reporter gene to develop a cell culture protocol that allows directed differentiation of these cells, first into mesoderm and then into kidney progenitor cells. To test the functional and proliferative capabilities of the resulting cells, we developed a novel mouse model that faithfully recapitulates the rapidly progressing, severe proximal tubulopathy of renal Fanconi syndrome. Transplantation studies showed that our ESC-derived renal progenitor cells engraft in the kidney after injection under the kidney capsule, differentiate into cells expressing markers of differentiated proximal tubular cells and proliferate in response to the regenerative stimuli present in our new renal Fanconi syndrome mouse model. However, because we prioritized cell viability of the transplanted cells over purity, we used only magnetic-activated cell sorting for enrichment of differentiated cells, which led to formation of teratomas from contaminating undifferentiated cells in some of the mice. A manuscript describing these findings has been written and will be submitted to a peer-reviewed journal within the next 2 months. 

Conclusions and future directions: Our findings have established the principal feasibility of using pESCs or iPSCs for cell therapy of renal proximal tubulopathy as observed in cystinosis. As part of this study we have developed a protocol for the directed differentiation of mouse pluripotent stem cells into renal progenitor cells capable of further differentiation into renal proximal tubular cells in vivo. In addition, we have generated a new mouse model of renal Fanconi syndrome that allows testing the regenerative capabilities of these cells. Future studies will aim at avoiding teratomas by increasing the purity of transplants of renal progenitor cells derived from pESCs or iPSCs and determining the functional output of these cells as compared to normal cells or cells derived from ESCs. Because the new renal Fanconi syndrome mouse model is immune-deficient, these studies can be readily extended to include human pluripotent stem cells. 
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