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Abstract
Cystinosis is a rare autosomal recessive lysosomal transport disorder, characterized by the accumulation of the aminoacid 
cystine and progressive dysfunction of several organs. Kidneys are severely affected, and the most frequent form, infantile 
nephropathic cystinosis, presents with growth failure in infancy, renal Fanconi syndrome and end-stage renal disease by the 
first decade of life. We report of a girl with infantile nephropathic cystinosis that has reached adolescence without the need 
of renal replacement therapy and without extrarenal manifestations despite her delayed diagnosis and treatment initiation. 
The girl with this intermediate phenotype was found to have compound heterozygosity of one known (1015G > A) and one 
novel (587_588insA) mutation in CTNS gene. Our case points to the wide clinical presentation of infantile nephropathic 
cystinosis and suggest that long-term outcome is not always ominous as generally thought.
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Introduction

Cystinosis is a rare autosomal recessive disease character-
ized by defective transport of the aminoacid cystine across 
the lysosomal membrane leading to lysosomal accumulation 
of cystine in many organs, mainly kidneys and eyes [1]. The 
disease affects one to two in 100,000 with a higher incidence 
in some Northern European regions [2]. Three distinct clini-
cal forms are known: infantile nephropathic cystinosis, the 
juvenile or late onset nephropathic cystinosis and the benign 
or ocular cystinosis [2, 3]. The infantile form is the most 
severe, accounts for 95% of cases, and presents with Fanconi 
syndrome, failure to thrive, and rickets early in life and pro-
gression to end-stage kidney disease (ESKD) in the first dec-
ade of life [1]. The juvenile form is usually diagnosed later 
in childhood or adolescence with symptoms of mild renal 
disease [2, 4] and the ocular form is characterized by corneal 
cystine crystal depositions without renal involvement. Due 
to the rarity of cystinosis, the diagnosis is often delayed.

Infants with nephropathic cystinosis usually have pale 
blond hair and blue eyes, pointing to pigmentation defects 
[3]. The proximal tubule is the main target of the disease 

with aminoaciduria, glycosuria, tubular proteinuria and 
potassium, phosphate and bicarbonate losses, resulting in 
hypophosphatemia, hypokalemia, metabolic acidosis and 
rickets. Photophobia due to cystine crystal deposition in 
the cornea is present by 16 months of age [5]. Continuous 
cystine accumulation leads to endocrinologic, gastroin-
testinal, muscular and neurological manifestations [1, 6]. 
Nephropathic cystinosis has a variable severity, but despite 
treatment end-stage renal disease is inevitably reached by 
10 years of age [6, 7]. Disease progression is slowed by 
cysteamine, which facilitates the elimination of cystine from 
lysosomes [7]. Early initiation of cysteamine has been shown 
to delay renal damage [8].

All forms of cystinosis are caused by mutations in the 
CTNS gene that maps to chromosome 17p13, has 12 exons 
and encodes for a lysosomal membrane protein, cystinosin, 
which is expressed in all tissues acting as a cystine trans-
porter [9, 10]. More than 100 mutations have been reported, 
including deletions, small insertions, duplications, missense, 
nonsense and splice site mutations, mutations in the pro-
motor sequence and genomic rearrangements [2, 11, 12]. 
Large deletions or point mutations in critical aminoacids 
cause infantile cystinosis, while milder mutations that do 
not disrupt the reading frame are observed in late-onset and 
ocular forms [2, 11–14]. The most frequent mutation, affect-
ing mainly northern Europeans, is a large deletion of 57 kb 
involving the first 9 and part of 10 CTNS exons [2, 9, 11].
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In the present report, we describe the case of a girl who, 
despite a delayed diagnosis of infantile cystinosis, preserved 
moderate renal function without extrarenal complications 
in her adolescence and discuss her clinical and genetic 
characteristics.

Case report

A 6-year-old Caucasian girl, with dark hair and brown eyes, 
was referred to our department for nephropathic cystinosis. 
Although she was symptomatic from her infancy, she had 
only been diagnosed at the age of 3.5 years. She was the sec-
ond child, delivered after a full-term uneventful pregnancy 
with a birth weight of 4 kg and insignificant family history. 
At the age of 18 months she was unable to walk indepen-
dently and was admitted in a tertiary hospital for further 
evaluation. Her growth was within normal limits but a fall 
more than 2 SDs in weight and height growth curves was 
noticed since the age of 10 months. On physical examination 
signs of rickets were identified, such as rachitic rosary along 
the costochondral junctions, leg bowing, double tibial epi-
physis and knobby thickening of wrists. Laboratory investi-
gation revealed hypophosphataemia, normal calcium levels, 
elevated alkaline phosphatase and low-normal potassium 
and sodium levels (Table 1). Haematologic parameters, renal 
and liver function tests, arterial blood gases, thyroid function 
tests, vitamin D and parathyroid hormone were within nor-
mal limits. In urinalysis glycosuria, proteinuria and ketonu-
ria were noted. The 24-h urine analysis revealed polyuria 
(7–8 ml/kg/h), low molecular weight proteinuria, hypercal-
ciuria, phosphaturia with reduced phosphate clearance and 
hyperuricosuria. Estimated GFR was 84.7 ml/min/1.73 m2. 
Radiologic examination confirmed active rachitic changes 
on the left wrist and renal ultrasonography showed mildly 
echogenic enlarged kidneys.

The child was evaluated as having the typical features of 
renal Fanconi syndrome with consequent rickets. Slit-lamp 
examination of the cornea was normal and leukocyte cys-
tine assay was not available at the time. Further metabolic 
investigation revealed elevated blood lactate, pyruvate and 
lactate/pyruvate ratio, generalized aminoaciduria and ele-
vated urine lactate and b-hydroxybutyrate. These findings 
were considered as suggestive of mitochondrial disease and 
further investigation with muscle biopsy confirmed this sus-
picion with reduced activity of cytochrome oxidase and car-
nitine in enzyme analysis, despite the normal architecture. 
Under a working diagnosis of renal mitochondrial cytopathy 
the girl was given vitamin D, potassium, oral phosphate, 
carnitine and synenzyme Q10 supplements. Over the follow-
ing 18 months, rickets was improved and the girl eventually 
walked at the age of 24 months.

On regular reevaluation at the age of 3.5 years, cystine 
crystals were identified in both eyes on slit-lamp examina-
tion and the diagnosis of cystinosis was confirmed by ele-
vated cystine levels in blood leukocytes (5.2 nmol ½cystine/
mg protein, normal value < 0.15). At that time serum cre-
atinine was 0.8 mg/dl and GFR 66 ml/min/1.73 m2. Thyroid 
and parathyroid function was normal (TSH 1.8 mU/l, free 
T4 1.6 ng/day, free T3 5.1 pg/ml and PTH 52 pg/ml). The 
child was put on cysteamine, indomethacin, cysteamine eye 
drops, potassium chloride, carnitine, phosphate and vita-
min-D supplements. After initiation of cysteamine therapy 
the leukocyte cystine levels were maintained to 0.68–1.3 
½cystine/mg protein, with regular monitoring targeting to 
< 1 nmol ½cystine/mg protein. Indomethacin was initially 
introduced to control polyuria and electrolyte losses [15] 
and it was discontinued in the age of 12 years, when the first 
indications of deterioration of renal function were noted. 
Since the start of treatment and by the time of her referral 
to our department, her growth, polyuria and renal function 
had been improved. Her weight and height were at 50th 
percentile, her creatinine level was 0.9 mg/gl and her GFR 
75 ml/min/1.73 m2. Currently, at 16 years of age, although 
her renal function has gradually deteriorated with creatinine 
levels of 3–3.5 mg dl and GFR of 22.5 ml/min/1.73 m2, she 
maintains normal growth and vision and adequate quality 

Table 1   Selected biochemical results in blood serum and urine in the 
patient at the time of initial presentation

TRP tubular reabsorption of phosphate,  ( ) decreased value, ( ) ele-
vated value

Laboratory test Value Normal range

Blood/serum
 Phosphorus 2.5 mg/dl ( ) 4.5–5.0
 Calcium 9.7 mEq/l 8.8–10.4
 Alkaline phosphatase 1854 U/l ( ) 150–420
 Parathormone 43.6 U/l 25–65
 Potassium 3.3 mEq/l ( ) 3.5–5.5
 Sodium 135 mEq/l 135–145
 Lactate 28.5 g/dl ( ) 4.5–19.8
 Pyruvate acid 1.78 mg ( ) 0.7–1.4
 Uric acid 0.7 mg/dl ( ) 1.7–5.8

%TRP 64.4% ( ) 78–90%
Urine
 Glucose 100 mg/dl ( ) 0–15
 Protein/creatnine spot 1.2 ( ) < 0.2
 β2-microglobulin (24 h) 24 mg/l ( ) < 0.2
 Aminoaciduria Positive
 Calcium (24 h) 14.8 mg/kg/day ( ) 0–4
 Phosphorus (24 h) 53.5 mg/kg/day ( ) 7–20
 Uric acid (24 h) 1551 mg/day ( ) 250–750
 Magnesium (24 h) 39 mg/kg/day 30–100
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of life with no other system involvement or need for renal 
replacement therapy yet.

Mutational analysis and sequencing of CTNS gene 
revealed compound heterozygosity; one allele holds a point 
mutation in 1015 bp in exon 12 that resulted in aminoacid 
change G339R which is located in the 7th transmembrane 
region (TM) and the other allele holds a nucleotide inser-
tion in at 587–588 base causing a frameshift in aminoacid 
sequence that results in an stop codon 32 codons down-
stream the insertion (Table 2).

Discussion

In this report we describe the case of a girl that presented 
with the typical signs of renal Fanconi syndrome and rickets 
at 18 months. Renal Fanconi syndrome at this age is most 
often associated with inherited multisystem metabolic dis-
eases including cystinosis, Dent’s disease, Fanconi–Bickel 
syndrome, Lowe syndrome, tyrosinemia type I, Wilson’s 
disease, fructose intolerance, galactosemia and mitochon-
drial disorders [15, 16] or acquired causes from drugs and 
heavy metals [16, 17]. In our case the diagnosis of cystino-
sis was initially missed since there was a normal slit-lamp 
examination and leukocyte cystine assay were not available. 
Similarly, slit-lamp exam was also repetitively normal in 
a 12-year-old boy with nephropathic juvenile cystinosis, 
despite the presence of renal Fanconi syndrome from the 
age of 3 years [18]. Cystinosis is unusual in Greece and 
currently only four patients with a confirmed diagnosis are 
known, including the present case. Mitochondrial disorders 
and respiratory chain deficiencies are occasionally associ-
ated with renal tubular dysfunction [2, 19], but in our case 
there were no other systemic manifestations suggestive of 
mitochondrial disease. Since no other cause of Fanconi syn-
drome was evident at the time, the patient was considered to 
suffer from renal mitochondrial cytopathy.

Mitochondrial dysfunction can be a manifestation of 
intracellular cystine accumulation which leads to different 
expression of several genes that include oxidative phos-
phorylation, apoptosis and mitochondrial dysfunction [20]. 
ATP depletion and abnormal electron transport chain activ-
ity have been described in cells with cystine accumulation 
[21]. Moreover, in cystinosis patients, cells throughout the 
body including renal, have been shown to exhibit decreased 
levels of ATP and morphologically abnormal mitochondria 

[22]. Thus, the reduced COX and complex IV activity that 
was found in the muscle biopsy of our patient could be sec-
ondary to cystine accumulation. Still, the involvement and 
role of mitochondria in the pathogenesis of nephropathic 
cystinosis remains unclear [20, 21].

Since the introduction of cysteamine, long term progno-
sis of cystinosis has been improved, but even so stage IV 
chronic kidney disease (CKD) is usually reached by 10 years 
of age in > 90% of patients, whereas > 80% require renal 
replacement therapy before the age of 14 years [8, 23]. In 
a large scale study based on European registry data it was 
found that the mean age of initiation of renal replacement 
therapy is 10.8 years for the patients studied after 1995 and 
12.7 years for the patients studied after 2003 [24]. Improve-
ment in the progression of renal failure was significantly 
associated with introduction of cysteamine before 2 years 
of age with a strict administration schedule and regular dose 
adaptation, based on monitoring of intraleukocyte cystine 
levels [1, 8]. Our patient had a slow progression from stage 
II CKD at diagnosis (age 3.5 years) to stage IV CKD (age 
16 years) and maintains adequate growth and quality of life 
without extrarenal manifestations.

DNA analysis of CTNS gene revealed compound het-
erozygosity to one novel and one already described muta-
tion. In one allele of CTNS gene, a not previously described 
nucleotide insertion in nucleotide 587, located in exon 9, 
was found. This mutation results in frameshift and subse-
quent aminoacid changes from residue 196 located between 
the 2nd and 3rd TM region with a premature stop codon 
32 residues downstream the mutation. Patients with point 
mutations in this CTNS gene region are known to have inter-
mediate forms with late onset renal disease [13, 14, 25]. 
In the second allele of CTNS, a point mutation in 1015 bp 
(exon 12), results in substitution of the aminoacid glycine to 
arginine in the position 339 which is located in the 7th TM 
region. The c.1015G > A (G339R) mutation has been identi-
fied as the most prevalent in a Turkish population with cys-
tinosis, but its origin is unclear [23]. It is considered severe 
mutation since it has been reported to abolish cystine trans-
port in vitro [12–14, 26–28]. The majority of reports involve 
the presence of G339R mutation in one allele of CTNS gene 
with the second usually holding also a severe mutation such 
as the 57 kb deletion [12, 26]. Homozygosity of G339R has 
been also reported to cause severe phenotype [29]. How-
ever, heterogeneity in the clinical course of disease has been 
described in compound heterozygotes that carry G339R and 

Table 2   Mutational analysis of 
CTNS gene in the patient

TM transmembrane, fsX frameshift, ins insertion

Location Base change Aminoacid change Location References

Exon 9 587_588insA Asn196LysfsX32 2nd–3rd inter TM loop Not reported yet
Exon 12 1015G > A Gly339Arg 7th TM region [12, 29, 30]
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other missense mutations, ranging from severe or less severe 
phenotype (ESRD at 10 years or adequate renal function at 
12 years old) [23]. Non-compliance to treatment was associ-
ated with worst outcome in the above compound heterozy-
gotes to G339R mutation [23]. The slower deterioration of 
renal function in our patient can be attributed to her combi-
nation of mutations and her compliance to treatment. This 
genetic combination might also be associated with the lack 
of pigmentation defect, characteristic of the presented case. 
Cystinosin was found to be involved in melanogenesis in 
clinical and experimental studies, but information about the 
importance of this association in clinical presentation of the 
disease is very limited [30]. The role of modifier genes acti-
vated by the loss of cystinosin and the spectrum of molecu-
lar events associated with the variety of clinical phenotypes 
in cystinosis remain to be fully characterized. The patient’s 
parents were advised to undergo genetic analysis; mother 
was found to be a G339R mutation carrier whereas father 
refused to be investigated.

In conclusion, a high index of clinical suspicion is 
needed for diagnosis of nephropathic cystinosis in children 
with renal Fanconi syndrome even with normal slip-lamp 
examination. Diagnosis of renal mitochondrial cytopathy 
should be made only if cystinosis is ruled out since second-
ary mitochondrial defects may be present in the cells due 
to intracellular cystine accumulation. Finally, in the case 
presented here, we describe a girl with slow progression of 
renal failure despite the late diagnosis and the late initiation 
of cystine depleting treatment.
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