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In the course of these two years our group has studied the role of cystinosin-LKG in proximal epithelial cells, factors that regulate the expression of two cystinosin isoforms and characterized the CTNS promoter. Our previous studies have localized cystinosin-LKG in the plasma membrane, in cell vesicles and in lysosomes. 

This grant has allowed to investigate part of the cell mechanisms that are altered in cystinosis.  

Our data show that cystinosin-LKG is differently expressed in human tissues and that cell cystine/cysteine (CySS/Cys)  levels are major regulators of the CTNS gene expression. This regulation involves the mRNA stability and the promoter activity. 

Our results have been published on American Journal Physiology-Renal Physiology (Taranta A et al. 2008), submitted to Free Radical Biology and Medicine and a third manuscript describing the CTNS promotor regulation is in preparation.  

Specific aim #1: Characterization of the cystinosin-LKG isoform 

To study the role of cystinosin-LKG in epithelial cell we have proposed to rescue this isoform into proximal tubular epithelial cells (PTECs) derived from patients with NC that carry a homozygous  deletion of the CTNS gene.  One major anticipated concern was the ability to efficiently transfect these cells. 

To realise this project we have collaborated with Dr Levtchenko laboratory, that has developed immortalized PTEC  from cystinotic patients by expressing the SV-40 T antigen and the telomerase gene.  As these cells are resistant to several antibiotics, we first tried to sort transfected cells by flow cytometry, but were unable to generate stably transfected clones.  After testing several selection systems, we have recently been successful in generating several cell lines that express alternatively the CTNS or the CTNS-LKG isoforms.  We are currently studying in depth these cells to complete the research plan that we had initially proposed. 

Specific aim #2: Analysis of expression of the cystinosin isoforms 
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The expression of cystinosin isoforms was studied in different human tissues (heart, brain, placenta, lung, liver, skeletal muscle, kidney, pancreas, speen, thymus, prostate, testis, ovary, small intestine, colon and peripheral leukocytes) and has shown that cystinosin-LKG mRNA represents approximately 10-20% of transcripts in most tissues (included kidney), with the exception of the testis where it accounts for 50% of the transcripts (fig. 1). 

The next step was to investigate the effects of the CTNS gene overexpression or inhibition on cell thiol/disulfide systems and vice versa. 

Overexpressing or inhibiting the CTNS gene for 48 hours had in fact little effects on cell Cys/CySS and reduced/oxidixed glutathione (GSH/GSSG) balances. 

Conversely, CySS deprivation for 24 and 48 hours increased CTNS mRNA levels by 1.9±0.2 folds (p<0.001) as intracellular GSH decreased from 195.3±46.4 to 27.0±4.0 nmol/mg prot. (p<0.001) and Cys decreased from 10.4±1.4 to 3.3±0.9 nmol/mg prot. (p<0.001). Inhibition of GSH synthesis by buthionine sulfoximine and cell oxidation with tert-butyl hydroperoxide had less marked effects on CTNS mRNA expression. By regression analysis, CTNS gene expression was primarily correlated with cell Cys concentrations (r2=0.88, p<0.002). No significant differences were observed in relative expression of the two isoforms.  

Specific aim #3: Characterization of the cystinosin promoter
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After observing that CTNS mRNA is highly regulated, we have studied mRNA stability and regulation of the CTNS promoter. 

mRNA decay studies showed a significant stabilization of CTNS transcripts after incubation of HK2 cells in cystine-free medium for 48 h, as illustrated in figure 2. 

At the promoter levels, reporter gene experiments have allowed to demonstrate increased transcription after Cys deprivation.

Modulation of the CTNS promotor activity was also observed when cells were chronically incubated in different media (DMEM/F12 or DMEM), when they were exposed to N-acetyl-cysteine and when they were blocked in the G1 phase by serum starvation. 

Taken together, these data indicate that the CTNS promoter is regulated by cell Cys levels and by cell cycle.  Interestingly, Dr Ballotti that has been studying the molecular mechanisms of hypopigmentation in cystinosis with the support of the CRF, has also observed that cell cycle of melanocytes lacking CTNS activity was mostly  blocked in the G1 phase.

Our studies of the CTNS promotor, which was first described by Phomphutkul C et al, have also expanded our knowledge on critical regions that regulate gene activity.  Specifically, we have identified the region spanning bp -300 to -600 as the region with the highest activity.  The promoter contains 3 SNPs that are in linkage disequilibrium and are present in 7% of the normal population.  These variant sequences decrease promoter activity by 30-40%.  In addition, we have also identified one additional Sp1 binding site that regulates promoter activity. 

Finally, we have searched for "amino acid responsive elements" (AARE) and sub-cloned candidate consensus regions in various combinations with different promoter segments.  These experiments failed to identify a Cys sensitive region.  Further studies are still underway.

Fig.1. Expression of cystinosin and cystinosin-LKG mRNA in different tissues.    





Fig. 2 Stabilization of CTNS mRNA after 48h incubation in cystine-free DMEM medium (right panel).  Transcription was blocked with actinomycin D.
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