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Lysosomal cystine accumulation might lead to alterations in the metabolism of antioxidant glutathione (GSH) resulting in decreased cellular capacity to deal with oxidative stress. In response to oxidative stress, cystinotic cells might have increased production of cytokine and chemokines. These mechanism can contribute to the development of interstitial fibrosis. In this project, we aim to study oxidative status and albumin-mediated production of pro-inflammatory and pro-fibrotic substances in a conditionally immortalized proximal tubular cell model (ciPTEC). The influence of different mutations in CTNS, leading to lysosomal cystine accumulation, and the additional deletion of CARKL gene, which is mutually deleted in the common 57kb deletion, are subject of this research project. Additionally, we aim to develop podocytes with the cystinotic genotype to evaluate morphological or metabolic changes. 

This 2nd progress report describes the findings of the Fellowship Grant funded by the Cystinosis Research Foundation in the first year. Currently, a scientific paper is in preparation for submission, concerning the data of glutathione and oxidation status.
Aim I Evaluation of albumin mediated cytokine and chemokine production in ciPTEC.

a) Transfection of ciPTEC

Currently, we have extended our cell population to 4 healthy controls and 14 cystinotic patients. Moreover, the population of the cystinotic patients have a diverse genotype as listed in table 1, allowing us to differentiate whether observed alterations are due to mutations of CTNS, CARKL or both. 
	
	
	cell line
	age1
	sex
	mutation

	 
	 
	 
	(months)
	 
	 

	PT1
	
	cys1
	108
	m
	c.922_923insG

	PT2
	
	cys2
	78
	m
	hom 57kb del

	PT4
	
	cys3
	152
	m
	c.198_218del

	PT13
	
	cys4
	129
	m
	hom57kb del

	PT23
	
	cys5
	82
	f
	[57kb del]+[c.665A>G]

	PT24
	
	cys6
	82
	f
	[57kb del]+[c.665A>G]

	PT25
	
	cys7
	134
	f
	ND

	PT41
	
	cys8
	50
	m
	hom57kb del

	PT46
	
	cys9
	47
	m
	hom57kb del

	PT47
	
	cys10
	
	m
	[57kb del]+[c.696insC]

	PT48
	
	cys11
	11
	f
	[57kb del]+[c.927_928insG]

	PT53
	
	cys12
	78
	f
	[57kb del]+[c.del18_21GACT]

	PT54
	
	cys13
	96
	f
	[57kb del]+[c.665A>G]

	PT55
	
	cys14
	209
	m
	hom57kb del
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To address the influence of CTNS and CTNS-LKG (a recently described cystinosin isoform), we have currently succeeded in the transfection of both CTNS and CTNS-LKG isoforms in one cystinosis cell line (PT46.2) carrying the homozygously 57kb deletion. Cystine levels were measured using HPLC (figure 1).  Although transfection was confirmed by rtPCR (shown in progress report I, June 2009), cystine levels were only moderately decreased in both cells transfected with CTNS and CTNS-LKG. These assays are currently repeated.
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Since cystine levels are moderately decreased and not in the range of levels observed in heterozygous mutated subjects, we are currently evaluating alternative models to study cellular aberrations caused by either mutations in CTNS, CTNS-LKG or CARKL. The current study population as presented in table 1 includes both small mutations in CTNS and large 57kb deletion including CARKL. Using both cell types, we can distinguish effects between mutations only in CTNS versus mutations in both CTNS and CARKL. Alternatively, using siRNA in healthy control cell lines, decreased expression of CTNS, CTNS-LKG or CARKL can be obtained. Furthermore, we will transduce cystinotic cells carrying hom57kb deletion with Lenti viral constructs expressing CTNS, CRNS-LKG or CARKL to establish stable transfected cell lines.
b) Measuring albumin induced production of pro-inflammatory and profibrotic substances in ciPTEC

Pilot experiments indicated that incubation with 1mM cysteamine depleted cystine levels in cystinotic ciPTEC comparable to control levels. Additional experiments revealed that within 8 hours, cystine levels were elevated back to cystinotic levels. 

To investigate the long term effect on cystine depletion, we measured cystine and glutathione levels in 4 control and 8 cystinotic ciPTEC (with a homozygous or heterozygous 57kb deletion) after 2 days of treatment with cysteamine, with replacement of the cysteamine containing medium every 6 hours, which is similar to the cysteamine treatment regimen in patients with cystinosis. Using these conditions, cystine levels were in the range of healthy controls (figure 2).
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Although we did not observe any significant differences between control and cystinotic levels of total GSH, both in proliferating cystinotic and control cells contain higher GSH levels compared to matured cells (p<0.05 in control and p<0.01 in cystinotic ciPTEC), indicating cysteamine increases cellular capacity to deal with oxidative stress (figure 3).
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Despite total GSH levels were not altered in cystinotic ciPTEC, oxidized GSSG levels were significantly increased in proliferating (control 0.26 +/-0.05 vs cystinosis 1.01 +/-0.16; p<0.01) and matured (control 0.15 +/-0.04 vs cystinosis 0.66 +/-0.16; p<0.05) ciPTEC. Treatment with cysteamine decreased the differences in GSSG levels between control and cystinotic ciPTEC (p=0.12). This was further emphasized by the finding that the ratio GSSG/total GSH, an indicator for oxidative stress, was significantly elevated both in proliferated (0.66 +/-0.16 versus 1.96 +/-0.29; p<0.05) and matured (0.62 +/-0.09 versus 1.66 +/-0.20; p<0.01), but not in cysteamine treated (0.60 +/-0.13 versus 1.51 +/-0.61) cystinotic ciPTEC. 
Using Nernst equation as described by Schafer et al. [Schafer Free Radical Biology & Medicine], we could quantitatively estimate the redox state of the GSSG/2GSH couple in ciPTEC. Following this equation, we could demonstrate the decrease of reduction potential in both proliferating (-269 +/-5 mV in control and -256 +/-3 in cystinosis; p<0.05) and matured (-270 +/-4 versus -251 +/-1; p<0.01) in cystinotic ciPTEC (figure 3). Subsequent to cysteamine treatment, reduction potential was restored in cystinotic ciPTEC (-269 +/-3; p=0.43), supporting the similar ratio GSSG/total GSH after cysteamine treatment.
These experiments will be repeated with cell lines with small mutations in CTNS to determine whether alterations are a consequence of deletion of the CARKL gene. Furthermore, GSH and GSSG status will be examined in transfected cell lines with CTNS and CTNS-LKG.
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In ciPTEC of controls (n=4) and cystinosis (n=8), all carrying the 57kb del, either homo- or heterozygously, we have measured the production of cytokine IL-8 and MCP-1 (figure 4), either in basal conditions or in presence of albumin (BSA, 20-500 µg/ml). The albumin concentration was adapted to the calculated albumin concentration at the end of the proximal tubule in patients with cystinosis (range 11-45 µg/ml). The results indicate that both production of IL-8 and MCP-1 is increased in cystinotic ciPTEC, although there is some overlap. Moreover, in both control and cystinotic ciPTEC, production of IL-8 and MCP-1 is correlated to albumin concentration up to 200 µg/ml. This suggests that dysfunctional tubular albumin uptake can be involved in progression of renal interstitial fibrosis in cystinotic patients. The production of RANTES could not be measured in the supernatant of ciPTEC. Experiments to measure TGF-beta production are currently performed.
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To study the influence of cysteamine on the production of inflammatory and pro-fibrotic substances, we have performed pilot experiments in one control ciPTEC to determine after which period cytokine production can be measured. Since cystine levels are decreased by cysteamine for only 8 hours, this is the maximum time to incubate ciPTEC with cysteamine and to measure cytokine production in the supernatant of ciPTEC. The results of the pilot experiments indicate that after 6 hours IL-8 and MCP-1 can be measured, but are just above the detection limit (figure 5). Further experiments are planned to test whether this is sufficient for measuring the involvement of cysteamine on cytokine production.
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Aim II. Evaluation of ROS production and apoptosis in cystinotic ciPTEC.

a) ROS production
To determine production of reactive oxygen species (ROS) in ciPTEC, experiments have been performed using fluorescent probes hydroethidine (HEt) and DCFDA, of which fluorescence is dependent on ROS. Using HEt, rotenone (1µM) was used as a positive control for superoxide production. After incubation with DCFDA, a range of peroxide (H2O2, 10-1000µM) was used as a stimulator of ROS production. Additionally, the influence of cysteamine (1mM, 2.5 hr) on ROS production was evaluated (figure 6). Although we observed a clear trend of increased ROS measured with both DCFDA and hydroethidine, this increase was not significant. Furthermore, cysteamine had no effect on ROS production (data not shown).
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Lipid peroxidation was evaluated by measuring F2-isoprostanes in cellular homogenates by HPLC. Pilot experiments (one control and one cystinosis) showed a two fold increase in cystinotic cell line (203 pg /mg protein) compared to control (103 pg/mg protein), indicating increased lipid peroxidation. These results need to be confirmed in other cell lines.

Additionally, we have performed an Oxyblot Detection Kit (Chemicon) to determine carbonyl groups as a result of protein oxidation (see previous progress report I, June 2009). After repeating these experiments, no significant elevation of  protein oxidation in cystinotic samples could be detected.
Aim III Evaluation of morphological and metabolic changes in cystinotic podocytes

We have developed and characterized 2 podocytes cell lines derived from cystinotic patients. These lines will be used to investigate the morphology using electron microscopy and immunofluorescence microscopy (localization of neprin, podocin, podocalyxin, synaptopodin). Further ATP metabolism and glucose uptake will be measured in these cell lines.
Table 1. Overview of the ciPTEC cell lines developed from urine of patients with cystinosis. Patients with hom 57kb del have both dysfunctional CTNS and CARKL.  ND- mutations in CTNS are not detected.





Figure 1. (B) Intracellular cystine levels in ciPTEC after transfection with CTNS or CTNS-LKG measured using HPLC. Used vectors contain either normal stop codon (stop) or V5-tag (V5).  Several clones of each construct are obtained and analyzed.





Figure 2. Levels of cystine in cystinosis and control ciPTEC with or without 2 days treatment with cysteamine.





Figure 3. Levels of total GSH were measured using HPLC in cells cultured for 0 (proliferating) or 10 days at 37C (matured). In one set of experiments, cells were treated for 2 days with cysteamine, starting at day 8 of maturation (CysAM; medium was replaced every 6 hours to maintain low cystine levels). Using Nernst equation, redox status was determined by calculating the reduction potential Eh (mV) of the GSSG/2GSH couple. Both in proliferating and matured cystinotic cells, reduction potential was decreased. Upon cysteamine treatment, redox status was comparable to control levels.











Figure 4. Production of (A) IL-8 and (B) MCP-1 in ciPTEC of controls and cystinotic patients in presence or absence of BSA. 





Figure 5. Production of (A) IL-8 and (B) MCP-1 in ciPTEC of controls and cystinotic patients in presence or absence of BSA (200µg/ml) or cysteamine (1mM). 





Figure 6. ROS production in ciPTEC. (A) Using DCFDA, formation of CM-DCF was determined as indicator of ROS, in control and cystinotic ciPTEC. As stimulator H2O2 was added to the culture medium. (B) Using Hydroethidine (Het) ROS production was measured using flow cytometry in control and cystinotic ciPTEC.








