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EXON 10, THE HOT SPOT IN EGYPTIAN CYSTINOSIS PATIENTS
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Abstract:

Background: Nephropathic cystinosis is the most common cause of hereditary Fanconi syndrome 

in children. This autosomal recessive metabolic disease is characterized by lysosomal cystine 

accumulation throughout the body if untreated, leads to end-stage kidney disease (ESKD) in the later 

childhood. This disease is due to mutations in Lysosomal Cystine Transporter Gene, CTNS gene, 

which encodes for the lysosomal cystine-proton cotransporter, cystinosin. Early diagnosis is of great 

importance to ensure better control of cystinosis. The early start of specific treatment ensures better 

growth and delays the onset of ESKD and most of extra renal complications.

Subjects and Methods: The ten coding exons of CTNS gene in 24 Nephropathic Cystinosis patients 

were scanned for mutations Sanger sequencing for mutation confirmation.

Results: CTNS gene mutations were detected in 17/24 (71 %) nephropathic cystinosis patients. Exon 

10 was the most frequent exon harboring mutations. Thirteen  patients (54.2%) had mutations in exon 

10 which were c.809_811delCCT small deletion (33.3%), c.828_829insA (16.7%) and c.734G>A 

(4.2%). Mutations detected in other exons include: c.16_19delCTGA in exon 3 in one patient 

(4.2%), c.15G>A in exon 3 in one patient (4.2%),  c.260_261delTT in exon 6 in one patient (4.2%) 

and c.1015G>A in exon12 in one patient (4.2%).

Conclusion: This study could be the basis for future genetic screening of CTNS gene especially for 

exon 10, which is the most frequent exon harboring mutation. Prenatal diagnosis of nephropathic 

cystinosis is vital to start treatment early to minimize complications.
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(CPNT), Cairo University Children Hospitals, 
Cairo, Egypt, over the period from October 2013 
to June 2016; however, some of them have been 
diagnosed and treated in the center for several 
years. DNA was extracted from EDTA blood by 
Gene Jet Whole Blood Genomic DNA Purification 
Mini Kit (#K0781) supplied by Thermo Scientific. 
The study was approved by the institutional review 
board, and informed consents were obtained from 
subjects’ parents/ legal guardians.

Methods, Molecular analysis was performed at 
the laboratory of Clinical and Chemical Pathology 
Department, Cairo University, Egypt. All the ten 
coding exons (3-12 exon) were screened using 
direct sequencing of the ten coding exons (ABI 310, 
Applied Biosystems). 

Sequences were compared to The Genome 
Reference Consortium (GRCh 38) Reference 
sequence of Homo sapiens CTNS gene, NCBI 
(National Centre of Biotechnology Information): 
(NC_000017.11, NG_012489.1, NM_004937.2, 
NP_004928.2). Analysis was done by BLAST 
[Basic Local Alignment Search Tool] (www.
ncbi.nlm.nih.gov) and the CLC-BIO workbench 
7.7 program. NCBI dSNP and HGMD Databases 
were checked for previously proven pathogenic 
mutations. Sequences of all used primers are 
available upon request.

Results:

Twenty four Egyptian patients with infantile 
nephropathic cystinosis were evaluated clinically, 
biochemically, and genetically. Consanguinity was 
reported in 17 out of 24 families. Age at presentation 
ranged from 4 to 15 months, and age at diagnosis 
ranged from 3 months to 6 years. The presenting 
symptoms ranged from renal tubular acidosis 
(53%) and rickets (42%). Patients were already on 

Introduction: 

Cystinosis is an autosomal recessive lysosomal 
storage disorder caused by mutations of the CTNS 
gene located on chromosome 17p13 (1). The natural 
history of the most common form of the disease 
demonstrates its earliest manifestation as a renal 
Fanconi syndrome in infancy, and if untreated, 
results in end-stage kidney disease (ESKD) by the 
end of the first decade of life. The disease involves 
most organs eventually if kidney function is 
maintained by dialysis or a transplant (2). 

So far, over 100 pathogenic mutations have 
been reported in the literature. The most commonly 
detected pathogenic mutation is the 57-kb deletion 
present in almost 50 % of CTNS mutant alleles of 
patients of North European and North American 
origin; however, outside this geographical 
distribution, the mutation is almost completely 
absent, especially in the Middle East (3).

The aminothiol cysteamine  is currently the only 
target-specific treatment for cystinosis patients (4). 
Cysteamine improves overall prognosis by delaying 
the progression to end-stage renal disease by 6 to 
10 years, and thus the need for renal transplantation 
during childhood. Cysteamine has also been shown 
to prevent or postpone the development of some 
extra-renal complications (3).

The aim of this study was mutation scanning of 
the coding exons of CTNS gene (exon 3 to exon 12) 
by confirmation by Sanger sequencing.

Patients and Methods:

Patients, DNA samples of 24 Egyptian 
nephropathic cystinosis patients (thirteen males/
eleven females, 1–16.4 years) from different 
families of pure Egyptian background were 
obtained. Patients were recruited from The Center 
of Pediatric Nephrology and Transplantation 
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CTNS gene mutations were detected in 17 

nephropathic cystinosis patients (71 %). Exon 

10 was the most frequent exon harboring 

mutations. 13 patients (54.2%) in this study had 

mutations in exon 10:c.809_811delCCT small 

de le t ion  (33 .3%) ,  c .828_829insA(16.7%) 

and c.734G>A (4.2%). Mutations detected in 

other exons include: c.16_19delCTGA (exon 

3 frame shift with stop gain mutation in one 

patient), c.15G>A (exon 3 non-sense mutation; 

in one patient), c.260_261delTT (exon 6 frame 

shift with stop gain mutation; in one patient) 

and c.1015G>A (exon12 missense mutation; in one 

patient) (Table 2).

cysteamine therapy at the time of sampling on a 
dosage ranging from 18 to 60 mg/kg/day. (Table 1).

None of the 15 Egyptian patients had the 
common European 57-Kb deletion. Seven 
pathogenic mutations were identified representing 
33 discovered mutant alleles. Sixteen out of 24 
patients had homozygous mutations. All the 
detected mutations in our study were previously 
reported: c.809_811delCCT; p.S270del (5), 
c.260 delTT; p.F87SfsX36 (1), c.734G>A; 
p.W245X (1), c.828_829insA; p.T277NfsX19 (6), 
c.16_19delCTGA; p.T7FfsX6 (7), c.1015G>A; 
p.G339R (8), c.15G>A; p.W5X (9). All these 
mutations were previously associated with infantile 
nephropathic cystinosis in various populations. 

Table (1): Patients Clinical and Laboratory Data.

Parameter Patients data 

Age of the patients (years)
Sex

Consanguinity
Age of onset of symptoms (months)

Presenting symptoms:
•	 Presymptomatic

•	 Renal tubular acidosis

•	 Rickets

Age of diagnosis

5.4 (3.7- 7)
Male       54% (13)
Female46% (11)

85% (17/20)
8.7 ± 3.4

5% (1)

53% (10)

42% (8)

15 (10-48)
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Discussion:

Twenty four patients with nephropathic 
cystinosis representing a wide geographical 
distribution within Egypt were screened for CTNS 
gene mutations. Delayed diagnosis, underdosage 
of cysteamine therapy due to financial or logistical 
problems beside differences in response, leads to 
the severe phenotype presentation of the Egyptian 
patients (1).

In this study, consanguinity was reported in 17 
patients out of 20 patients (85%). Similarly, in the 
previous study done on the Egyptian population 
by Soliman and Colleges (1), consanguinity was 
reported in 10 patients out of 13 patients (80%).

As for exon 10, the results showed that 12 out of 
20 patients (60%) had mutations. According to these 
results in the present study, it is highly recommended 
to sequence CTNS exon 10 in cystinosis suspected 
patients as it is a hot spot for CTNS mutations in 
Egyptian patients.

CTNS gene mutations were detected in 17 
nephropathic cystinosis patients (71 %). Exon 
10 was the most frequent exon harboring 
mutations. 13 patients (54.2%) in this study had 
mutations in exon 10: c.809_811delCCT small 
de le t ion  (33 .3%) ,  c .828_829insA(16.7%) 
and c.734G>A (4.2%). Mutations detected in 
other exons include: c.16_19delCTGA (exon 
3 frameshift with stop gain mutation in one 
patient), c.15G>A (exon 3 non-sense mutation; in 
one patient),  c.260_261delTT (exon 6 frameshift 
with stop gain mutation; in one patient) 
and c.1015G>A (exon12 missense mutation; in one 
patient). 

Interestingly, we found the small deletion 
c.809_811delCCT; p.S270del in exon 10 in 
eight patients (33.3%). One patient (patient no. 
1) showed a c.809_811delCCT heterozygous 
genotype (c.809_811delCCT mutation present in 
one allele) while 7 patients (29.2%) (patients no. 
3,5,6,12,13,14 and 20) had a c.809_811delCCT 

Table (2): CTNS Genotype of Egyptian patients with nephropathic cystinosis with pathogenic alleles.

Patient Number Mutant allele 1 Mutant allele 2 Location

Patient No. 1 c.809_811delCCT ND Exon 10

Patient No. 2 c.260 del TT c.260 del TT Exon 6
Patient No.3,

4,5,6,12,13,20
c.809_811delCCT c.809_811delCCT Exon 1

Patient No. 8 c.734G>A c.734G>A Exon 10

Patient No. 
10,11,15,22

c.828_829insA c.828_829insA Exon 10

Patient No. 16
c.16_19delCTGA

(also known as
357delGACT)

c.16_19delCTGA
(also known as
357delGACT)

Exon 3

Patient No.18 c.1015G>A c.1015G>A Exon 12
Patient No. 19 c.15G>A c.15G>A Exon 3
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homozygous genotype (c.809_811delCCT was 
detected in both alleles).c.809_811delCCT was 
detected in both alleles (homozygous state) in one 
patient in a previous study done by Soliman and 
Colleuges (1) in the Egyptian population. This small 
deletion c.809_811delCCT; p.S270del, leads to the 
deletion of amino acid serine at position 270 in TM5 
of the cystinosin protein. This deletion was tested 
functionally and resulted in almost complete loss of 
function. As cystinosin is still present at the lysosomal 
membrane in these cases, the lack of transport 
was attributed to an inability to transport cystine, 
rather than to a decreased cell surface expression 
of cystinosin  (9). The mutation c.809_811delCCT is 
relatively widespread, as it was reported in France  
(5) and India  (10). c.809_811delCCT (p.S270del) was 
not reported in Jordan  (11), Tunisia  (12) or in Iran  (13).

Moreover, we detected the nonsense homozygous 
mutation c.734G>A, p.W245fsX in exon 10 in one 
patients (patient no. 8). This mutation leads to the 
conversion of tryptophan at position 245 into a 
stop codon (TAG), thus immediately stopping the 
protein translation and forming a truncated protein 
at AA245. This mutation was originally reported 
for the first time by Soliman and Colleuges (1) in 
Egyptian patients. c.734G>A nonsense mutation was 
not detected before in American based population of 
cystinosis patients  (8), German, Swiss(14), Italian  (15), 
Iranian  (13), Tunisian  (12) or Jordanian populations(11).

A frame shift homozygous mutation 
c.828_829insA; p.T277NfsX19, in exon 10 was 
detected in four patients (16.7 %) (patient’s no. 
10,11, 15 and 22) in this study. c.828_829insA (also 
known as c.829dup) frame shift mutation changes 
AA threonine at position 277 into asparagine and 
induces a stop codon 19 positions downstream 
leading to the formation of a truncated protein at 
AA 296. This mutation was first reported in a 

homozygous state in four patients belonging to 
three unrelated families in the Egyptian population 
by Soliman and Colleuges (1). The c.829dupA 
mutation was described in a compound heterozygous 
genotype with the 57-kb deletion in Belgium (6). 
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اكسيون10 ، النقطة المميزة فى سيستينوسيس المصرى

يعتبر مرض اعتالل الكلية السيستينوس هو السبب األكثر شيوعا ملتالزمة فانكونى الوراثية 

لدى األطفال . يتميز هذا املرض األيضى ذو الصفة املتنحية عن طريق تراكم سيستني الليزوزومى 

فى جميع أنحاء اجلسم إذا لم تعالج ، يؤدى إلى مرحلة نهائية للمرض الكلوى فى مرحلة الطفولة 

البروتني  لسيستوسني  يشفر  الذى   CTNS جني  فى  الطفرات  إلى  املرض  هذا  ويرجع   . الالحقة 

كوتر انسبورتر الليزوزمية ، سيستينوسني . التشخيص املبكر هو من أهمية كبيرة لضمان أفضل 

السيطرة على سيستينوسيس. بداية مبكرة من عالج محدد يضمن منو أفضل وتأخير بداية اعتالل 

الكلى املزمن ومعظم مضاعفات الكلى اإلضافية .

اعتالل  سيستينوسيس  مرضى  فى24   CTNS اجلني  من  العشرة  الترميز  إكسونات  مسح  مت 

الكلية عن طريق ساجنر التسلسل للتأكيد الطفرة .

النتائج: مت الكشف عن الطفرات اجلينية  CTNS فى 24/17 )71٪( من مرضى السيستينوسيس 

اعتالل الكلية . وكان اكسون 10 األكثر شيوعا إيواء للطفرات . حيث ان 13 مريضا )2. 54٪( لديهم 

طفرات فى اكسون 10 .

الطفرات املكتشفة في الدراسة مبا فى ذلك الطفرات حتول اإلطار

 (c.16-19delCTGA; p. T7FfsX6, c.260-261delTT; p.F87Sfsx36;c.828
829insA,p.T277NfsX19)

والطفرات تؤدى إلي توقف البروتني

  (c.15G> A; p.W5X, c.734G> A; p. W245fsX)

(c.809- 81 1del CCT;p.S270del)      وطفرات احلذف الصغير

(c.1015G>.p.G339R)  وطفرة تؤدى إلى خطأ بالبروتني

وخاصة  املستقبل  فى  اجلينى  للفحص  أساسا  تكون  أن  ميكن  الدراسة  هذه  األستنتاج: 

من  الوالدة  قبل  التشخيص   . للطفرات  إيواء  إيكسون  شيوعاً  األكثر  هو  والذى   ، 10اكسون  ل 

سيستينوسيس اعتالل الكلية أمر حيوى لبدء العالج فى وقت مبكر للحد من املضاعفات .


