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We requested one year of seed 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 has been continued (with a small delay) at The University of Auckland, New Zealand.

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 sequencing of these cells showed the L158P mutation in exon 8.  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 ~150 potential iPS colonies – this was unexpected and unusual and suggested that the CTNS defect negatively affected the re-programming process.  

Progress to date:

We characterized the 5 lines in standard tri-lineage differentiation and teratoma assays (Specific Aim 1), which are the gold-standard assays for determining that the cells have successfully been re-programmed into embryonic stem cell-like cells.  From these experiments, we confirmed that the iPS cells were indeed pluripotent and fully re-programmed ie they were capable of making mature cell types for all the major tissue types.  

We were concerned however that it was not easy to derive the iPS lines from the CTNS MSCs.  It is now known that the re-programming process is mutagenic and DNA mutations can be introduced during the process.  In addition, we cultured the cells in the presence of cysteamine or beta-mercaptoethanol—reducing agents such as these have shown to be mutagenic to DNA as well.  We are currently re-sequencing exon 8 from the 5 iPS cell lines to determine if the T(C mutation is still present—to date it is clear that at least one CTNS allele in each cell line appears to have ‘reverted’ from the mutant “C” nucleotide back to the normal “T” found in the wild-type gene ie the cells appear to have restored functionality back to the CTNS gene.  This suggests that during the re-programming process there was a strong selection pressure for this reversion mutation to occur.  We speculate that without the reversion, the CTNS cells would be unable to complete their re-programming to a stable iPS cell state.  If so, then we have inadvertently ‘rescued’ the patient’s cells (goal of Specific Aim 2), however, we do not have ‘mutant’ iPS cells to perform Specific Aim 3 (compare the ‘transcriptome’ of CTNS-iPS cells and the corrected iPS cells by microarray analysis).  It is therefore unlikely we be able to complete Specific Aim 3 in the timeframe of this grant.  

An alternative possibility is that the cells we re-programmed were not from the original patient but instead were rare (normal) contaminating cells in the MSC cell culture.  To rule this out, we sent the samples (patient MSCs, patient genomic DNA, and the 5 iPS cell lines) to be genotyped (commercially performed as a fee-for-service).  The results of this analysis showed that all the cell lines were identical to the patient’s DNA, thus no contamination has occurred.

A third possibility is that the patient was ‘somatically mosaic’ for the CTNS mutation ie not all the cells in their body were defective.  This happens when a mutation in the CTNS gene appears later in the development of the embryo in some but not all cells.  If this was the case then when we performed the re-programming we selected for these normal cells (assuming that the CTNS mutant cells were incapable of undergoing re-programming).  We consider this possibility highly unlikely but are performing additional sequencing of the patient’s DNA to determine if we can detect normal CTNS alleles.

Future work:

(1) Cystine measurements will be taken for each cell line (CTNS-MSCs and the 5 iPS lines).  We expect the CTNS-MSCs to have high cystine levels whereas the iPS cells will likely show low levels consistent with their reversion of the CTNS mutation.

(2) We can no longer perform Specific Aim 3 (Compare the ‘transcriptomes’ of CTNS-iPS cells and the corrected iPS cells by microarray analysis) as we don’t have homozygous mutant CTNS-iPS cells.  Instead we will sequence exon 8 from 20-30 individual PCR products from each cell line (MSCs, iPS cells) and the patient DNA to determine whether the patient is mosaic (has both wild-type and mutant copies of the CTNS gene) or whether the iPS cell lines reverted from a homozygous mutant state to a heterozygous state during the re-programming.

(3) A short report for the journal Pediatric Nephrology will be prepared describing the generation of the iPS cells from CTNS-specific cells.  If a reversion occurred then this is of potential use to future investigators wanting to develop cell-based therapies for Cystinosis, as it means that defective patient cells can be ‘rescued’ back to a normal state by the re-programming process.  
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