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Maternal uniparental heterodisomy of chromosome
17 in a patient with nephropathic cystinosis
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Maladies Rénales Héréditaires de l’Enfant et de l’Adulte, Paris, France; 3AP-HP, Hôpital Trousseau, Service de
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We report maternal uniparental disomy of chromosome 17 (mat UPD17) in a 2.5-year-old girl presenting
infantile cystinosis. This patient was homozygous for the 57 kb deletion encompassing the CTNS gene,
frequently found in patients from the European origin. The proband’s mother was heterozygous for the
deletion and the father did not carry the deletion. We carried out haplotype analysis with polymorphic
markers spanning the whole chromosome 17. Informative markers showed the presence of two maternal
alleles but no paternal allele for regions spanning the 17q arm and the proximal half of 17p, and only one
maternal allele on the distal 17p arm. As deletion of half of 17p is probably not viable, these results suggest
mat UPD17 with heterodisomy of 17q and proximal 17p and isodisomy of distal 17p. This is the first
demonstration of mat UPD17, in particular of isodisomy 17p, in cystinosis.
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Introduction
Cystinosis is an autosomal recessive disorder. It is

characterized by an accumulation of intra-lysosomal

cystine caused by a defect in cystine transport across the

lysosomal membrane.1 Cystinosis is the most common

inherited cause of proximal renal tubular dysfunction (the

renal Fanconi syndrome). Affected individuals typically

present with severe fluid and electrolyte disturbance

(polyuria and polydypsia, vomiting, poor growth and

rickets) at age 6–12 months. Within the first 2 years of

age, patients also develop a severe and painful photo-

phobia because of corneal cystine crystals. Without specific

treatment, patients develop progressive growth retarda-

tion, with end-stage renal failure by 10 years of age.2 After

renal transplantation, cystine continues to accumulate in

other organs, leading to a multisystem disease. Three

clinical forms of cystinosis (infantile, juvenile and ocular

cystinosis) have been distinguished, based on severity of

symptoms and age of onset.

Through positional cloning, the cystinosis locus has

been mapped to the short arm of chromosome 17.3 Earlier

studies have also identified the causative gene CTNS and

pathogenic mutations.4 The CTNS gene maps to 17p13.3

and spans 23 kb. It encodes a 367 amino-acid protein, the

lysosomal cystine transporter, cystinosin.4,5 CTNS muta-

tions have been detected in individuals affected with all

forms of cystinosis. The most common mutation is a

recurrent large 57 kb deletion spanning exons 1–10,

detected in either the homozygous or the heterozygous

state in B60–70% of northern European patients.6

In this study, we report maternal disomy of chromosome

17 in a girl with typical infantile cystinosis. This study
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provides the first evidence of uniparental disomy (UPD) of

the whole chromosome 17 in cystinosis.

Materials and methods
Patient

The proband was born from healthy non-consanguineous

parents of European origin after a full-term pregnancy and

normal delivery. There were no earlier miscarriages and the

family history was unremarkable (with two healthy brothers,

7 and 11 years old). At the age of 2 years, the proband

presented with polyuria, failure to thrive and rickets. She had

no developmental delay or neurological symptoms. Blood

and urinary analyses showed hyperaminoaciduria, glycosur-

ia, acidosis and renal electrolyte loss, confirming renal

Fanconi syndrome. Corneal crystals were observed by slit-

lamp examination and diagnosis of cystinosis was confirmed

by a high leukocyte cystine content, measured at 6.75 nmol

half-cystine/mg protein (normal o0.2).

PCR detection of breakpoint fragment in the CTNS
gene

Blood samples were obtained from the proband and her

parents, after informed consent from the parents. Genomic

DNA was isolated from EDTA-anticoagulated blood by

standard procedures. Primer sequences spanning a 360 bp

junction fragment generated by the 57 kb deletion break-

points, with PCR conditions for exons 9–12 of the CTNS

gene, are described elsewhere.6

Chromosome analyses

Metaphase spreads were prepared from phytohaema-

glutinin-stimulated peripheral blood lymphocyte cultures

using standard procedures of hypotonic treatment and

methanol/acetic acid fixation (3:1). RHG and GTG banding

were performed according to standard protocols.

Analysis of microsatellite markers

The sequences, number, location and genotypes of

microsatellite markers used in this study are shown in

Table 1; data were obtained from the UniSTS database

(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db¼unists).

Primer sequences, PCR amplification, gel electrophoresis,

fluorescent genotyping and data analysis are described

elsewhere.6

Table 1 Genotypes at chromosome 17 microsatellite loci

Locusa (pter–qter) Position Position (bp) Father b Child b Motherb Interpretation

D17S1866 17p13.3 82 571–82 745 2/3 1/1 1/1 Mat ID
D17S926 17p13.3 577 049–577 302 1/1 1/1 1/2 NI
D17S1529 17p13.3 996 119–996 293 1/2 4/4 4/3 Mat ID
D17S831 17p13.3 1 857 238–1 857 467 2/3 1/1 1/1 Mat ID
PAFAH1B1¼ LIS1 gene 17p13.3 2 443 686–2 535 638
D17S1798 17p13.3 2 505 134–2 505 383 1/1 1/1 1/1 NI
D17S829/CTNS gene 17p13.3 3 492 018–3 492 267 1/2 �/� �/2 CTNS deletion
D17S1828 17p13.2 3 757 216–3 757 422 1/2 2/2 3/2 NI
D17S1796 17p13.1 7 727 996–7 728 174 2/2 2/2 2/1 NI
D17S1852 17p13.1 10 546 370–10 546 571 1/2 3/3 3/2 Mat ID
D17S921 17p12 14 201 467–14 201 613 2/3 1/4 1/4 Mat HD
D17S1843 17p11.2 16 005 240–16 005 438 1/1 1/2 1/2 NI
D17S1794 17p11.2 17 452 263–17 452 451 1/2 3/3 3/3 Mat HD
D17S1871 17p11.2 20 702 653–20 702 824 1/2 1/1 1/1 NI
D17S1878 17q11.2 23 135 134–23 135 360 1/2 1/1 1/1 NI
D17S1824 17q11.2 23 684 196–23 684 317 3/4 2/1 2/1 Mat HD
D17S1873 17q11.2 24 481 596–24 481 738 2/3 1/3 1/3 NI
D17S798 17q11.2 28 313 985–28 314 168 1/1 1/2 1/2 NI
D17S1861 17q21.31 40 162 539–40 162 644 1/3 4/2 4/2 Mat HD
D17S791 17q21.32 42 211 549–42 211 725 1/2 3/4 3/4 Mat HD
D17S787 17q22 50 637 083–50 637 234 1/4 2/3 2/3 Mat HD
D17S948 17q23.3 58 343 126–58 343 272 1/2 1/1 1/1 NI
D17S949 17q24.3 65 977 041–65 977 149 1/2 3/2 3/2 NI
D17S785 17q25.1 71 942 972–71 943 161 1/2 1/1 1/1 NI
D17S802 17q25.3 73 746 205–73 746 382 1/1 2/1 2/1 NI
D17S1830 17q25.3 75 410 564–75 410 827 1/2 3/4 3/4 Mat HD
D17S928 17q25.3 77 846 169–77 846 317 1/2 3/1 3/1 NI

Abbreviations: Mat ID, maternal isodisomy; Mat HD, maternal heterodisomy; NI, not informative.
aLoci are listed according to their relative chromosomal position from pter to qter.
bAllele sizes are given in numbers, the smallest allele is identified as number one.
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Results
Identification of the 57 kb deletion in a family with
infantile cystinosis

Proband and control DNA were tested by the rapid PCR

assay with the breakpoint primer sets.6 No PCR product

was obtained in the control (data not shown), whereas an

amplification product for the 360-bp breakpoint fragment

was obtained in the proband, indicating that the proband

bears the 57-kb deletion (blackened circle, Figure 1). The

proband had amplified product for exons 11 and 12, but

not for exons 9 and 10 of the CTNS gene, suggesting that

she was a homozygous carrier of the 57-kb deletion. To

confirm that this deletion was present on both alleles of

the patient, we investigated the segregation of the deletion

in her parents. Her parents had amplified product for all

exons tested. As expected, the 360-bp deletion fragment

was present in her mother, indicating that the mother was

a heterozygous carrier for the 57-kb deletion; unexpectedly,

the deletion fragment was not found in her father

(Figure 1).

Characterization of maternal UPD17

We tested four microsatellite markers, surrounding and

within the 57-kb deletion (D17S831, D17S1798, D17S829

and D17S1828). Proband DNA was amplified for all

markers surrounding the deletion, but not for the

D17S829 marker located within the CTNS 57-kb deletion.

This confirmed the homozygous status of a CTNS deletion

in the patient (Table 1). All markers were amplified for both

parents. No paternal markers were detected at the patient

CTNS locus. Non paternity was excluded by use of seven

microsatellite markers from six different chromosomes

(DXS1073, D2S159, D4S395, D4S3038, D7S2563, D11S919

and D16S3124 – data not shown). Genotyping of 22

additional markers spanning the entire chromosome 17 in

the family showed non-Mendelian segregation of all

informative markers (D17S1866, D17S1529, D17S831,

D17S829, D17S1852, D17S921, D17S1794, D17S1824,

D17S1861, D17S791, D17S787 and D17S1830), with a

complete absence of paternal contribution (Table 1). We

found two maternal alleles for chromosome 17q and the

CTNS gene: exon 9 +

CTNS gene: exon 10 +

CTNS gene: exon 11 +

CTNS gene: exon 12 +

breakpoint fragment -

+

+

+

+

+

-

-

+

+

+

Figure 1 Segregation of the 57 kb deletion in a family with nephropathic cystinosis. The proband (black circle) displayed amplified products for
exons 11 and 12 of the CTNS gene and for the 360 bp breakpoint fragment corresponding to the 57 kb deletion. No amplified product was detected
for exons 9 or 10 of the CTNS gene. Her mother displayed amplified products for all tested exons and for the 360 bp fragment, suggesting that she is
heterozygous for the 57 kb deletion. Her father displayed amplified products for all tested exons, but not for the 360 bp fragment indicating that he
does not display the 57 kb deletion.
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proximal half of chromosome 17p, and reduction to

homozygosity of the maternal alleles in the distal half of

chromosome 17p, with a recombination event mapping

between D17S1852 and D17S921. Routine chromosome

analysis on the proband’s peripheral blood lymphocytes

showed a normal 46, XX karyotype. Thus, the abnormal

genotype of the proband could result from the presence of

two maternal alleles and no paternal allele for the

informative markers spanning the 17q arm (D17S1824,

D17S1861, D17S791, D17S787 and D17S1830) and only

one maternal allele from the 17p arm, because of either a

17p13.3 deletion or to maternal uniparental isodisomy in

this part of the genome.

Discussion
We report a patient with isolated cystinosis because of a

homozygous deletion of 10 exons of the CTNS gene.

This deletion is associated with an absence of paternal

contribution over the entire chromosome 17 and reduc-

tion to homozygosity for maternal alleles in the distal half

of chromosome 17p. This could be caused by paternal

deletion at 17p13.3 or maternal uniparental isodisomy of

chromosome 17 (mat UPD17). A 17p deletion would

probably not be viable and was excluded both by normal

karyotype analysis (data not shown) and the absence of

any extra-renal or ophthalmic symptoms. In particular,

paternal deletion of this region would encompass the LIS1

gene (involved in Miller–Dieker syndrome, MDS). The

proband did not show MDS symptoms such as seizures or a

typical EEG fast spike pattern during the first year of life,

consistent with exclusion of a paternal deletion.

Uniparental disomy occurs when a child receives both

copies of a particular chromosome (or part of a chromo-

some) from only one parent, thus distorting the concept of

biparental inheritance. UPD may involve two copies of the

same chromosome (isodisomy) or one copy from the

contributing parent’s chromosome pair (heterodisomy).

Our results suggest mat UPD17 with heterodisomy of 17q

and isodisomy of a large part of 17p.

Uniparental heterodisomy can arise from the fertiliza-

tion of aneuploid gametes, followed by either gametic

complementation or trisomic rescue. Meiotic recombina-

tion events can result in a mixed UPD with interspersed

regions of heterodisomy and isodisomy along the chromo-

some.7 In our proband, the initial error could result from

non-disjunction in meiosis I.

Uniparental disomy involving different chromosomes

has been described in several cases of human disease.

A review of the literature shows only one case of maternal

UPD17 reported earlier.8,9 This earlier study described

maternal disomy of chromosome 17, with proximal

(pericentromeric) homozygosity and distal heterozygosity

in a boy whose history included an apparently normal

pregnancy outcome and normal postnatal development.8

In our study, with the exception of renal signs and

photophobia clearly related to cystinosis, no phenotypic

abnormalities (dysmorphic features or multiple organ

anomalies) were noted on physical examination of the

proband. The phenotype of our patient was clearly the

consequence of the CTNS gene deletion, (itself because of

the disomy) and not of the maternal UPD17. In the

absence of phenotypic abnormalities in these two children,

these reports suggest that chromosome 17 is not likely to

be subject to imprinting.8,10,11

Rio et al9 reported segmental maternal heterodisomy for

a small 11-cM region of chromosome 17q in a child with

behavioral disorder, severe mental retardation and facial

dysmorphism. As chromosome 17 is unlikely to be subject

to imprinting, a complementary CGH array study could be

useful to search for additional deletions or duplications. In

such cases, somatic events such as mitotic recombination

(causing segmental UPDs) or duplication of a viable

chromosome to compensate for an inherited dysfunctional

chromosome can also result in UPD.7

Genetic counseling for the proband’s parents will be

different from that offered for a simple homozygous

deletion without UPD17. UPD is a rare genetic event and

the risk of recurrence is null almost. The risk that the father

has a mutation in the CTNS gene is also very low, as he does

not have the CTNS 57 kb deletion (which represents 75% of

CTNS mutations in the European population). Thus, the

risk of having another child affected with cystonosis is

extremely low.

In conclusion, our report is the first to show maternal

disomy of chromosome 17 in association with an isolated

renal disorder. UPD17 does not seem to be associated with

other abnormal phenotypes, suggesting that there are

probably no imprinted genes on chromosome 17.
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