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Overview

Cystinosis is an autosomal recessive disorder, caused by mutations of the lysosomal cystine carrier protein, cystinosin, encoded by the CTNS gene. The intralysosomal cystine accumulation in cystinosis leads to chronic kidney disease (CKD) and multi-organ damage. Growth retardation and generalized muscle wasting are among the commonest clinical characteristics of the disorder. These complications have profound adverse effects on the quality of life.  Children with cystinosis often fail to thrive before the onset of advanced CKD, suggesting that factors other than CKD might contribute to the early onset of growth retardation in cystinosis. The underlying mechanism of this growth retardation is not well understood.

Hypothesis

We hypothesized that abnormal energy homeostasis is present early in the natural history of cystinosis, before the onset of CKD, and may contribute to the profound growth retardation in nephropathic cystinosis. Inflammation is an important pathogenetic factor in the abnormal energy homeostasis and muscle wasting as well as CKD progression in nephropathic cystinosis.
Strategy

Three specific aims have been proposed to test our hypothesis.

1) To characterize the onset and time course of abnormal energy homeostasis, growth retardation and muscle wasting in the Ctns knockout mice, which is an established animal model of cystinosis, in the first year of life.  This will be compared with wild type mice as well as the Ctns-/--IL-6-/- double knockout mice.  We will measure food consumption, body weight and length, resting metabolic rate, and body composition.  Five time points will be studied, 1 month, 2 month, 4 month, 8 month and 12 month.  We will study both genders.

2) To characterize the onset and time course of progressive CKD in the Ctns knockout mice in the first year of life.  This will be compared with wild type mice as well as the Ctns-/--IL-6-/- double knockout mice.  Serum BUN, creatinine, electrolytes including bicarbonate to assess acid-base balance, 24 hr creatinine clearance and 24 hr urine protein will be measured.
3) To characterize the molecular pathways underlying abnormal energy homeostasis and muscle wasting in the Ctns knockout mice in the first year of life compared with wild type mice as well as the Ctns-/--IL-6-/- double knockout mice. Both mRNA and protein expression of key molecules which regulate energy homeostasis and muscle mass will be studied.    
Progress
1. Setting up and breeding of Ctns-/- mice 

We initiated the material transferring process for the breeding mice once this project was funded.  The final approval from 3 institutions (Robert Mak, UCSD; Dr Stephanie Cherqui, Scripp Research Institute and Dr Corinne Antignac, Inserm) was obtained in April, 2010.  We received a pair of Ctns-/- mice (provided by Dr Stephanie Cherqui) in June. So far, we managed to successfully breed one male and one female Ctns-/- mice offspring.  There were some expected losses from the male Ctns-/- mouse parent ate some of the offsprings.  We did recently have the good news that the female Ctns-/- mice offspring is now pregnant.  We have now adopted the policy to separate the male Ctns-/- mouse parent from the pregnant mother and hence offsprings. We are actively breeding those Ctns-/- mice in order to achieve a large colony of Ctns-/- mice to support the on-going experiments.

2.
Metabolic defects in Ctns-/- mice

We collaborated with Dr Stephanie Cherqui to study her colony of Ctns-/- mice. Ctns-/- mice and c57BL/6 wild-type (WT) mice were fed ad libitum. Metabolic defects were observed in Ctns-/- mice. Final body weight of Ctns-/- mice, at the age of 15 month-old, was 16.7% lower than age-matched WT mice. Body weight of Ctns-/- mice (21.3±0.8 g, n=23) was significantly lower than age-matched WT mice (25.6±0.6 g, n=21, p<0.05). 

Body composition of those mice was analyzed, using Piximus( dual-energy X-ray absorptiometry (DEXA) technique. Lean body mass, as percentage of total body mass or absolute lean body mass, was decreased in Ctns-/- mice (74.2±0.5% and 15.4±0.7 g) than WT mice (77.8±0.5% and19.0±0.5 g, p<0.05). Similarly, fat mass as percentage of total body mass or absolute fat mass was decreased in Ctns-/- mice (15.9±0.6% and 3.1±0.2 g) than WT mice (17.4±0.4% and 4.1±0.2 g, p<0.05). Renal impairments were shown in Ctns-/- mice. Serum BUN and creatinine levels were higher in Ctns-/- mice (56.9±18.4 mg/dl and 0.49±0.30 mg/dl) than WT controls (36.5±1.6 mg/dl and 0.34±0.06 mg/dL, p<0.05). 

3. Energy inefficiency in Ctns-/- mice 

Failure to regulate body weight in Ctns-/- mice could be due to anorexia or energy inefficiency. In a 2-week study, metabolic profile of Ctns-/- mice was characterized.  8 month-old Ctns-/- mice and age-matched WT mice were fed ad libitum.  There was no difference in food consumption in Ctns-/- mice (53.1±2.7 g, n=9) versus WT mice (54.6±2.1 g, n=8), indicating 8 month-old Ctns-/- mice were not anorexic. However, Ctns-/- mice gained less weight as compared to WT mice (0.3±0.5 g versus 1.8±0.2 g, p<0.001). Efficiency of food consumption (calculated as the cumulative weight gain in grams divided by total food consumption in grams) was decreased in Ctns-/- mice (0.005±0.001) versus WT mice (0.034±0.005, p<0.01). Ctns-/- gained less lean mass and fat mass (0.6±0.1% and 2.2±0.2%) as compared to WT mice (3.5±0.6% and 5.2±1.2%, p<0.01).  Renal dysfunction was also observed in Ctns-/- mice. Serum creatinine levels were elevated in Ctns-/- mice (0.50±0.10 mg/dl) versus WT controls (0.24±0.01 mg/dL, p<0.001). 
4.
Gene expression in Ctns-/- mice 
The pathogenesis of muscle wasting in cystinosis is poorly understood.  A considerable amount of progress has been made in our understanding of the signaling pathways that mediate skeletal muscle mass regulation. Inflammation is closely associated with increased energy expenditure in CKD patients. Pro-inflammatory cytokines may play important roles in the development and progression of energy inefficiency and muscle wasting in cystinosis. Elevated levels of pro-inflammatory cytokine may lead to increased protein catabolism, enhanced lipolysis, suppression of appetite, and increased energy expenditure in chronic renal patients. In addition, emerging evidence suggests that decreased expression of myogenic genes such as IGF-I, Pax-3, MyoD1 and up-regulated proteolytic gene expression of myostatin, FOXO1, atrogin-1 and MuRF-1 is implicated in muscle wasting.  

Gastrocnemius muscle sample in 6 month-old and 15 month-old Ctns-/- and WT mice were kindly provided by Dr Stephanie Cherqui. 

We measured gastrocnemius muscle levels of IL-6 in 6 month-old Ctns-/- and WT mice. IL-6 mRNA levels were elevated in gastrocnemius muscle of Ctns-/- mice (1.99±0.30, n=5) as compared with WT mice (1.06±0.18, n=5, p<0.001). Decreased myogenic gene expression was observed in gastrocnemius muscle in 6 month-old Ctns-/- mice.  IGF-I, Pax-3 and MyoD1 mRNA level was decreased in Ctns-/- mice (0.60±0.09, 0.74±0.33 and 0.03±0.01, respectively) versus (1.05±0.18, 1.09±0.28 and 1.09±0.10, respectively, p<0.01) in WT mice. Conversely, muscle proteolytic gene expression was elevated in gastrocnemius muscle in 6 month-old Ctns-/- mice. Myostatin, atrogin-1 and MuRF-1 mRNA level was increased in Ctns-/- mice (2.97±0.66, 1.62±0.32 and 2.38±0.27, respectively) versus (1.02±0.13, 1.10±0.28 and 1.08±0.07, respectively, p<0.01) in WT mice.  There was no difference in gastrocnemius muscle FOXO1 mRNA level in Ctns-/- versus WT mice (1.48±0.69 versus 1.01±0.09, NS).

We also measured muscle gene expression in 15 month-old Ctns-/- and WT mice. IL-6 mRNA levels were elevated in gastrocnemius muscle of Ctns-/- mice (1.68±0.12, n=8) as compared with WT mice (1.08±0.11, n=7, p<0.001). IGF-I mRNA expression was significantly decreased in gastrocnemius muscle of 15 month-old Ctns-/- mice (0.61±0.10) when compared to age-matched WT mice (1.08±0.12, p<0.05).  However, myostatin mRNA in gastrocnemius muscle was comparable in Ctns-/- mice and WT mice (1.26±0.35 versus 1.06±0.07, NS). 
In summary, the study is well on its way.  There are some unexpectedly delays in the breeding of the Ctns-/- mouse colony.  However, with the help of Dr Stephanie Cherqui, we were able to accomplish a fair amount of the study goals, as detailed above.
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