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We requested one year of funding to further characterize and rescue cystinosis-specific human induced pluirpotent stem (CTNS-iPS) cells.  Work in this grant started in Boston, USA at the Center for Regenerative Medicine where Dr Davidson was an Assistant Professor but was continued (with a small delay) at The University of Auckland, New Zealand.  A no-cost extension was granted due to delays in re-establishing the laboratory.

Background:

CTNS-iPS cells, which can be propagated indefinitely and differentiated into multiple tissues, offer the potential to study CTNS defects in relevant mature cell types.  In addition, if the CTNS gene defect is corrected in these cells then the mutant and corrected iPS lines can be directly compared (at the transcriptional and proteomic level), thereby allowing key cellular alterations induced by cystine accumulation to be identified.  These data can then be used to develop new therapeutic strategies to treat cystinosis.  

We started with fat-derived mesenchymal stem cells (MSCs) from a cystinosis patient.  DNA analysis of these cells showed that the patient had compound mutants (the L158P mutation in exon 8 and the common 57kb deletion).  We then used the established ‘Yamanaka factors’ to re-program these cells into iPS cells.  The CTNS-MSCs were not easy to re-program (unlike normal un-diseased human cells) and many of the potential iPS colonies failed to grow.  After numerous attempts, 5 iPS lines were eventually derived but only after screening 166 potential iPS colonies – this was unexpected and unusual and suggested that the CTNS defect negatively affected the re-programming process (this may be due to mitochondrial defects—see Aim 4 below).  

Progress:
Specific Aim 1: Test the pluripotent potential of CTNS-iPS cells by tri-lineage differentiation in vitro (embryoid body formation) and in vivo (teratoma formation).

COMPLETED

We confirmed with these assays that the CTNS-iPS cells we generated are pluripotent.

Specific Aim 2: Correct the L158P mutation in the CTNS-iPS cells by homologous recombination.

PARTIALLY COMPLETED

We generated a targeting construct to repair the L158P mutation, transfected this in to the CTNS-iPS cells, and selected for potentially corrected clones.  Two lines were derived and found to have half the cystine levels of the parental line, suggestive of correct targeting.  However, heterozygous cystinosis cells have reported to have ~5x the normal level, which is much less than what we are seeing.  One possibility for this is that the neo selection cassette has not been removed from these clones using Cre recombinase and this needs to be done and the cystine levels reassessed (as the presence of the neo cassette may be interfering with expression of the targeted allele). 

Specific Aim 3: Compare the ‘transcriptome’ of CTNS-iPS cells (treated with and without cysteamine) and the corrected iPS cells by microarray analysis.
NOT COMPLETED.

Do to delays in getting Specific Aim 2 completed this Aim was not possible. 
The following new Aim was added in place of Aim 3.

Specific Aim 4: Characterize reactive oxygen species, glutathione levels, and mitochondrial morphology in CTNS-iPS cells.
Previous reports have suggested that cytinosis cells have a reduced GSH/GSSG ratio and increased reactive oxygen species (ROS) generation compared to wild-type cells.  We therefore examined these in our CTNS-iPS cells. Consistent with most other reports, we found increased ROS and a decreased GSH/GSSG ratio in CTNS-iPS cells compared with normal human iPS cell lines.  Using mitotracker, we examined the morphology of the mitochondria in CTNS-iPS cells and found them to exhibit a striking elongated phenotype.  This is indicative of cell stress due to starvation and is consistent with previous reports showing autophagosomes in cystinosis cells.  We are currently pursuing this result further as it may shed new light on the cause of the renal defects seen in cystinosis patients. 

A manuscript describing the derivation and characterization of CTNS-iPS cells is currently being written for publication in a peer-reviewed scientific journal.

