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A Novel Mutation in SLC7A9 Gene in Cystinuria
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Introduction. Cystinuria is an inherited disorder affecting luminal 
transport of cystine and dibasic amino acids. Because of the poor 
solubility of cystine in urine, stone formation in the kidney occurs 
frequently. Cystinuria is associated with mutations in the SLC3A1 
and SLC7A9 genes. Despite the population-specific distribution of 
mutations in the SLC7A9 genes, there are few genetic data reported 
for cystinuric patients from the Middle East.
Materials and Methods. Exon 4 of the SLC7A9 gene was sequenced 
in 21 patients with cystinuria, using the polymerase chain reaction 
and sequencing methods.
Results. A new variation in exon 4 of the SLC7A9 gene was 
identified, which was insertion of 1 adenine nucleotide between 
2 cytosine nucleotides in position c.272-273 insA.
Conclusions. It seems to be important since it causes frame shift 
and it may be an important cause to make disease.
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INTRODUCTION
Cystinuria is an autosomal recessive disorder 

with an overall prevalence of 1 per 7000 population, 
which varies from one area to another in the world.1-3 
The disease is caused due to defective transporter 
protein.4,5 This protein has 2 subunits, the light 
subunit (bo,+AT) and the heavy one (rBAT),6 which 
are respectively encoded by the SLC3A1 and SLC7A9 
genes.7,8 SLC3A1 is mapped on chromosome 2p16.3-
21, whereas SLC7A9 is located on 19q13.1.9

Classically, cystinuria is biochemically classified 
based on the excretion of cysteine. Dibasic 
aminoaciduria into type I (autosomal recessive), 
non-type I (autosomal dominant with incomplete 
penetrance), and mixed type (also known as type 
I/non-type I) are the three types of cystinuria 
disease. A new classification of cystinuria is 
defined according to molecular genetics data: 
type A (mutation in SLC3A1), type B (mutation in 
SLC7A9), and type AB (mutation in both genes).8-11

SLC7A9  gene has 13 exons,  and some of 
previously known mutations of SLC7A9 gene exist 
in exon 4 including G105R, T123M, V170M, and 
A126T. Among these mutations, G105R is very 

important and pathogenic. In addition, p.G105A 
accounts for approximately 20% of identified 
alleles and is present in nearly all ethnic groups. 
The second frequent mutation is p.R333W (in exon 
10). Other variants are often rare.12

Despite the population-specific distribution 
of mutations in the SLC7A9 genes, there are few 
genetic data reported for Asian and Middle-Eastern 
patients with cystinuria. The aim of the present 
research was to find mutations in the SLC7A9 gene 
among Iranian cystinuric patients in order to find 
causes of the disease.

MATERIALS AND METHODS
This study was done in the genetics laboratory 

of Isfahan University of Medical Sciences. Blood 
samples were taken from patients at Alzahra 
Hospital. DNA was extracted from 200 μL of each 
blood sample using the PrimePrepTM Genomic 
DNA Extraction Kit (Genetbio, Korea) according to 
the manufacturer’s instructions. Polymerase chain 
reaction (PCR) primers for exon 4 were designed 
using the PrimerIII software (Howard Hughes 
Medical Institute and by the National Institutes 
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of Health, USA). The sequences of the primers 
used PCR of exon 4 were as follows: Forward 
primer: 5´-CCA GTA TCC CTC TTG GCA CA-3´ 
and Reverse primer: 5´-AGA GAC TCA CTG CGG 
AGG AG-3´. Then, the PCR method was used to 
amplify exon 4 of the SLC7A9 gene. A PCR was 
carried out on a 25-μL sample containing 100 ng 
of genomic DNA, 12.5 μL of Taq DNA Polymerase 
Master Mix Red (Ampliqon, Denmark), and 8.5 μL 
of ddH2O. The PCR program was started with an 
initial denaturation at 95°C for 4 minutes, followed 
by 30 repetitive cycles with a strand separation 
step at 95°C for 30 seconds, an annealing step at 
56°C for 30 seconds, and an extension step at 72°C 
for 30 seconds that was finished with a 5-minute 
extension period at 72°C. The PCR product and 
50-bp ladder (DNA marker) were run in 1.5% 
agarose gels. The PCR products were sequenced 
by the Applied Biosystems 3730/Genetic Analyzer 
and using the BigDye terminator kit.

RESULTS
Based on results of sequencing and nucleotide 

waves from 21 patients, a new variation in exon 
4 of the SLC7A9 gene was identified: insertion 
of 1 adenine nucleotide between 2 cytosine 
nucleotides in position c.272-273 insA. The results 

of electropherography and blast of nucleotides with 
reference sequence showed insertion of 1 adenine 
nucleotide in exon 4 (Figure).13,14 The Table shows 

DNA sequence analysis showing a novel mutation in the 
SLC7A9 gene. Electropherography of nucleotide A insertion 
(c.272-273 insA). Blast of nucleotide with reference sequence 
shows insertion of 1 adenine nucleotide in exon 4.

Patient Age Sex Number of   Recurrent 
Calculi

Age at First Diagnosis of 
Calculi

Homozygote Versus 
Heterozygote

1 55 Male > 10 30 mo Homozygote
2 27 Female > 10 7 y Homozygote
3 41 Male 3 34  y Homozygote
4 41 Male > 10 21 y Homozygote
5 34 Female > 10 23 y Homozygote
6 57 Male Unknown 27 y Homozygote
7 36 Female > 10 Unknown Homozygote
8 42 Male > 10 28 y Homozygote
9 23 Female 2 Unknown Homozygote
10 30 Female > 10 25 y Homozygote
11 7 Male > 10 at first Homozygote
12 25 Female > 10 17 y Homozygote
13 44 Female 1 34 y Homozygote
14 14 Female 4 6 mo Homozygote
15 41 Male 5 30 y Homozygote
16 32 Female 7 12 mo Homozygote
17 65 Male > 10 35 y Homozygote
18 40 Female 3 31 y Homozygote
19 23 Male 5 18 y Homozygote
20 47 Female Unknown 15 y Homozygote
21 37 Female Unknown Unknown Homozygote

Results of Screening for Mutations and c.272-273 insA Variant in Exon 4 of SLC7A9 Gene
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clinical information of patients.

DISCUSSION
Previously, studies indicated the population-

specific distribution of mutations in cystinuric 
patients.15 Literature showed novel mutations for 
cystinuric patients in Portugal, Sweden, Turkey, 
Serbia, Czech, Japan, and China. Approximately 95 
mutations have been reported in the SLC7A9.4,16-19 
Despite specific demographic distribution of 
mutations for cystinuria disease, few studies 
exist on the genetic basis of this disease in the 
Middle East.20-22 In this study, we observed a 
new insertion in position c.272-273 insA that has 
not been seen previously.5,6,23 By using Ensemble 
program (variant effect predictor) and the UMD 
Software (www.umd.be/hsf), it was predicted that 
frameshift occurred.

CONCLUSIONS
Our newly identified insertion in position 

c.272-273 insA in the SLC7A9 gene can be a key in 
diagnosis and treatment of cystinuric patients in 
Iran and potentially the Middle East. This mutation 
can cause serious defect in protein structure by 
making changes in intronic positions and create 
splicing sites. In addition, it can create a premature 
stop codon and thus produce a truncated protein. 
Further studies are necessary on this new mutation 
in other populations.

ACKNOWLEDGEMENTS
We thank the Research Affairs Office of Isfahan 

University of Medical Sciences for its financial 
support.

CONFLICT OF INTEREST
None declared.

REFERENCES
1. Weinberger A, Sperling O, Rabinovitz M, et al. High 

frequency of cystinuria among Jews of Libyan origin. Hum 
Hered. Hum Hered. 1974;24:568-72.

2. Tanzer F, Ozgur A, Bardakci F. Type I cystinuria and its 
genetic basis in a population of Turkish school children. Int 
J Urol. 2007;14:914-7.

3. Saravakos P, Kokkinou V, Giannatos E. Cystinuria: current 
diagnosis and management. Urology. 2014;83:693-9.

4. Popovska-Jankovic K, Tasic V, Bogdanovic R, et al. 
Five Novel Mutations in Cystinuria Genes SLC3A1 and 
SLC7A9. Balkan J Med Genet. 2009;12:15-20.

5. Chillarón J, Font-Llitjós M, Fort J, et al. Pathophysiology 
and treatment of cystinuria. Nat Rev Nephrol. 2010;6:424-
34.

6. Eggermann T, Venghaus A, Zerres K. Cystinuria: an 
inborn cause of urolithiasis. Orphanet J Rare Dis. 
2012;7:19.

7. Zhang XX, Rozen R, Hediger M, et al. Assignment of the 
Gene for Cystinuria (SLC3A1) to Human Chromosome 
2p21 by Fluorescence in Situ Hybridization. Genomics. 
1994;24:413-4.

8. Feliubadaló L, Font M, Purroy J, et al. Non-type I 
cystinuria caused by mutations in SLC7A9, encoding a 
subunit (bo,+ AT) of rBAT. Nat Genet. 1999;23:52-7.

9. Font-Llitjos M, Jimenez-Vidal M, Bisceglia L, et al. New 
insights into cystinuria: 40 new mutations, genotype–
phenotype correlation, and digenic inheritance causing 
partial phenotype. J Med Genet. 2005;42:58-68.

10. Goodyer PR, Clow C, Reade T, et al. Prospective analysis 
and classification of patients with cystinuria identified in a 
newborn screening program. J Peadiatr. 1993;122:568-72.

11. Bisceglia L, Calonge M, Totaro A, et al. Localization, 
by linkage analysis, of the cystinuria type III gene to 
chromosome 19q13.1. Am J Hum Genet. 1997;60:611-6.

12. Wartenfeld R, Katz G, Bale SJ, et al. Molecular analysis of 
cystinuria in Libyan Jews: exclusion of the SLC3A1 gene 
and mapping of anew locus on 19q. Am J Hum Genet. 
1997;60:611-6.

13. Zhang Z, Schwartz S, Wagner L, et al. A greedy algorithm 
for aligning DNA sequences. J Comput Biol. 2000;7:203-
14.

14. Morgulis A, Coulouris G, Raytselis Y, et al. Database 
indexing for production MegaBLAST searches. 
Bioinformatics. 2008;24:1757-64.

15. Schmidt C, Vester U, Hesse A, et al. The population-
specific distribution and frequencies of genomic variants 
in the SLC3A1 and SLC7A9 genes and their application 
in molecular genetic testing of cystinuria. Urol Res. 
2004;32:75-8.

16. Harnevik L, Fjellstedt E, Molbæk A, et al. Identification 
of 12 novel mutations in the SLC3A1 gene in Swedish 
cystinuria patients. Hum Mutat. 2001;18:516-25.

17. Barbosa M, Lopes A, Mota C, et al. Clinical, biochemical 
and molecular characterization of Cystinuria in a cohort of 
12 patients. Clin Genet. 2012;81:47-55.

18. Yuen Y, Lam C, Lai C, et al. Heterogeneous mutations in 
the SLC3A1 and SLC7A9 genes in Chinese patients with 
cystinuria. Kidney Int. 2006;69:123-8.

19. Shigeta Y, Kanai Y, Chairoungdua A, et al. A novel 
missense mutation of SLC7A9 frequent in Japanese 
cystinuria cases affecting the C-terminus of the 
transporter. Kidney Int. 2006;69:1198-206.

20. Koulivand L, Mohammadi M, Ezatpour B, et al. Mutation 
analysis of SLC3A1 and SLC7A9 genes in patients with 
cystinuria. Urolithiasis. 2015;43:447-53.

21. Markazi S, Kheirollahi M, Doosti A, et al. A Novel Mutation 
in SLC3A1 Gene in Patients With Cystinuria. Iran J Kidney 
Dis. 2016;10:44-7.

22. Koulivand L, Mohammadi M, Ezatpour B, et al. Cystinuria 



SLC7A9 Mutation in Cystinuria—Fazeli et al

141Iranian Journal of Kidney Diseases | Volume 11 | Number 2 | March 2017

in a patient with a novel mutation in SLC7A9 gene. Iran J 
Kidney Dis. 2015;9:63-6.

23. Font M, Feliubadaló L, Estivill X, et al. Functional analysis 
of mutations in SLC7A9, and genotype–phenotype 
correlation in non-Type I cystinuria. Hum Mol Genet. 
2001;10:305-16.

Correspondence to:
Majid Kheirollahi, PhD
Pediatric Inherited Diseases Research Center, Department of 
Genetics and Molecular Biology, Isfahan University of Medical 
Sciences, Isfahan 81746-73461, Iran
Tel: +98 311 792 2486
Fax: +98 311 668 8597
E-mail: mkheirollahi@med.mui.ac.ir

Received May 2016
Revised September 2016
Accepted September 2016


