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a. Objective and specific aims

The objective of this work is use bone marrow-derived macrophages (BMM) to correct genetically encoded renal tubulopathies by delivering a healthy genome to renal proximal tubular cells. The specific aims of the project are:

Aim 1. To induce fusion of donor BMM with renal proximal tubular cells in vivo. 

a) Induced in vivo fusion of BMM with CD46 expressing renal proximal tubular cells using the measles virus H and F proteins.
b) Assessment of the extent of donor BMM reprogramming to renal tubular function as exemplified by de novo expression of the transcription factor HNF4α.

c) Temporal limitation of expression of fusogenic measles virus proteins by means of an estrogen receptor specific for a synthetic ligand.

Aim 2: Targeting of donor BMM fusion specifically to renal proximal tubular cells.

a) Retargeting of the measles virus H protein by tethering it to a single chain antibody for DPPIV.

b) Assessment of efficiency and safety of specific induction of fusion between BMM and renal proximal tubular cells in vivo.

b. Studies and Results 
Bone marrow-derived macrophages expressing MV H and F proteins 

fuse with CD46 positive renal cells in vivo.
In our previous report we showed that fusion between cells derived from the CD46+/- mouse model and cells expressing the H and F proteins of measles virus can be induced in vitro. We also demonstrated that bone marrow-derived nuclei are reprogrammed to express the renal tubular cell-specific transcription factor HNF4α, suggesting that bone marrow-derived cells can be used to genetically and functionally correct a wide range of tubulopathies including cystinosis.
To test if we can induce fusion between BMM and renal proximal cells in vivo, we transfected green fluorescent protein (GFP) expressing macrophages with a plasmid that expresses the MV H and F proteins, along with a plasmid that expresses Cre constitutively. After transfection, we injected the triple-transgenic BMM into the kidney of mice that express both human CD46 and a floxed lacZ reporter gene (CD46+/-, R26R+/-) in most cells. Seven days after injection, we found β-gal+ renal cells (Fig.1) reflecting activation of lacZ reporter gene expression by Cre and therefore cell fusion between BMM and recipient renal cells. 

These results demonstrate that fusion of BMM with renal cells can be induced in vivo by transient expression of the measles virus H and F proteins.
c. Ongoing experiments

Optimization of fusion in vivo.
We are currently quantifying and characterizing the lacZ+ renal cells. We are also testing different conditions of the procedure with regard to the number of injected cells, volume of injection and analysis time after injection to optimize the experimental strategy.
Therapeutic potential of BMM expressing the measles virus H and F proteins in a mouse model of renal Fanconi syndrome.
Testing the therapeutic potential of fusion of BMM with renal proximal tubular cells requires a mouse model with kidney injury. To obtain this, we are currently breeding the CD46+/- R26R+/- mice described above with fumarylacetoacetate hydrolase (FAH) deficient mice. FAH is the last enzyme in the tyrosine degradation pathway and is normally expressed in both hepatocytes and proximal renal tubular cells. FAH deficiency causes mild renal cellular injury by an accumulation of the substrate fumarylacetoacetate (FAA). However, the Fah-/- mouse develops chronic renal tubular disease if its hepatocytes are also deficient in homogentisic acid dioxygenase (HGD), an enzyme upstream of FAH (1). As hepatocytes lacking HGD but not FAH have a strong proliferative advantage in the FAH deficient liver, they repopulate the livers of these mice. Hence, massive amounts of the HGD substrate homogentisic acid (HGA) are generated which are transported to the kidney and enter the tyrosine degradation pathway, thereby producing large amounts of toxic FAA in proximal tubules of the kidney. As a result, Fah-/- mice repopulated with HGD deficient hepatocytes develop renal Fanconi syndrome. 
To use this model to test the therapeutic potential of induced fusion, we are going to transplant HGD deficient hepatocytes into CD46+/-, R26R+/-, Fah-/- mice to repopulate their livers and induce chronic renal tubular damage. Then, we will inject BMM expressing GFP, Cre and the measles virus H and F proteins into the kidneys of these mice to assess regeneration by fusion-derived renal proximal tubular cells.

We expect that fused FAH positive renal tubular cells will have a growth advantage over the FAH deficient cells, and therefore, will be able to repopulate and regenerate the damaged tubular epithelium of the recipient mice. 
Targeting of donor bone marrow-derived macrophages specifically to 

renal proximal tubular cells.
In our initial specific aims we wanted to retarget BMM using measles virus H protein by tethering it to a single chain antibody specific for the renal proximal tubular cell antigen DPPIV. However, to continue to be able to use mice for these experiments and hence be able to detect cell fusion by X-gal staining (Fig. 1D) we decided to alter this strategy and use a bispecific antibody to target fusion of adoptively transferred BMM specifically to proximal tubular cells (2). This bispecific antibody binds to both a surface antigen specific for proximal tubular cells (DPPIV) and macrophages (F4/80), hence forming a link between these two types of cells. In collaboration with Dr. Randall Lee at UCSF, we have tested the usefulness of this technology and 
we are going to inject BMM transiently expressing GFP, H and F and Cre and further armed with the bispecific antibody into the kidney, thereby directing their nonspecific fusion to proximal tubular cells. As CD46+/- mice, humans express CD46 on most cells and this strategy might be effective at targeting therapeutic cell fusion specifically to human renal proximal tubular cells.
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Fig. 1. Fused kidney cells after macrophages BMM transplantation. (A-C) Representative section from 


kidney of CD46+/-, R26R+/- mouse that was transplanted with GFP/H/ and F/Cre positive macrophages BMM 


stained for GFP (green) and the nuclear dye Hoechst (blue). (D) Representative image of β-gal+, 


that is fused  renal 


cell.
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