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Infantile nephropathic cystinosis, an autosomal recessive disease characterized by a lysosomal
accumulation of cystine, presents as failure to thrive, rickets and proximal renal tubular
acidosis. The cystinosis gene, CTNS, which maps to chromosome 17p13, encodes a predicted
55 kDa protein with characteristics of a lysosomal membrane protein. We have conducted
extensive linkage analysis in a French Canadian cystinosis cohort identifying a founding
haplotype present in approximately half (21/40) of the chromosomes studied. Subsequent
mutational analysis, in addition to identifying two novel mutations, has unexpectedly revealed
a mutation which has been previously found in Irish (but not French) cystinotic families on
these 21 French Canadian chromosomes. Haplotype analysis of two Irish families with this
mutation supports the hypothesis that Celtic chromosomes represent an extensive portion of
cystinosis chromosomes in French Canada. Our analysis underlines the genetic heterogeneity
of the French Canadian population, reflecting a frequently unrecognized contribution from
non-Gallic sources including the Irish.
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Introduction
Cystinosis is an autosomal recessive condition charac-
terized by impaired cystine transport out of lysosomes
resulting in elevated intracellular cystine levels. In vitro
analysis reveals that following cystine loading, leuko-
cyte lysosomes of cystinosis patients display only a

negligible egress of cystine, whilst those of hetero-
zygous cystinosis carriers reveal cystine egress of only
half the normal maximal velocity.1,2 In cystinosis, many
tissues accumulate cystine leading to a failure to thrive,
impaired renal function, ocular damage and hypothy-
roidism. By 10 years of age, the majority of cystinosis
patients have end-stage renal disease unless cysteamine
therapy is introduced at an early stage.3

Fine mapping of the cystinosis gene at 17p134,5 was
an essential precursor to the cloning of a candidate
gene, CTNS, by Town et al.6 The gene itself is organized
into 12 exons spanning 23 kb of genomic DNA. The
predicted protein is 364 amino acids in length and is
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Figure 1 Detection of the deletion incorporating D17S829. A Analysis of D17S829 in cystinosis families by electrophoresis of
radiolabelled amplification products and autoradiography. The proband in family 10 (lane 8) was homozygous for the deletion which
includes D17S829. Haplotype analysis in other families shows that the probands are compound heterozygotes, with one allele carrying
the deletion and the other allele harbouring a second CTNS mutation. Family 1 (lanes 1–4): the unaffected sibling appears to lack a
maternal allele. Families 7 (lanes 5–7) and 12 (lanes 12 and 13): the probands have inherited the deletion on the maternal chromosome.
Family 16 (lanes 14–17): the probands have inherited the deletion on the paternal chromosome. B Haplotypes of the members of
family 1 indicate that there is a deletion on one maternal chromosome (ø), which the proband has inherited along with an affected
paternal chromosome carrying the W138X mutation.
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thought to have seven transmembrane domains as well
as a motif which is characteristic of lysosomal transport
molecules. Thus, CTNS encodes a product which might
be expected to export cystine from lysosomes. A
number of pathogenic CTNS mutations have been
identified: a deletion spanning most of the gene
incorporating the microsatellite repeat marker
D17S829 at 17p13, and additionally 11 small mutations
which were identified in 17 patients. A large study of
CTNS mutations in 108 American cystinosis patients7

found that 44% were homozygous for the deletion
encompassing exons 3 to 10 of CTNS. Whilst this
deletion was found only in patients of British, German
and Icelandic origin, additionally 18 mutations were
described in people from a variety of ethnic origins.

The incidence of cystinosis in North America is
estimated to be 1 per 150 000–200 000 live births,
indicating a carrier frequency of approximately 1 per
400 in the general population, although higher carrier
frequencies have been reported in the Bretons3 and in
French Canadians.8 A survey of Canadian pediatric
nephrology centres found that 32 of 51 patients with
infantile cystinosis were from Quebec and, of these, the
significant majority were French Canadians.9 The high
gene frequency (1/39) which has been reported in
French Canadians,8 is consistent with a founder effect
for the cystinosis gene, due to a small number of carrier
individuals who were present in the founding popula-
tion of Quebec, as has been described for other diseases
in this same population.10,11 We have undertaken the
current study in an effort to identify CTNS mutations in
the French Canadian population, and to determine if
cystinosis in French Canada is subject to a founder
effect.

Subjects and Methods
Subjects
Under the auspices of the Canadian Pediatric Kidney Disease
Research Centre (CPKDRC), located at the Children’s
Hospital of Eastern Ontario Research Institute in Ottawa,12

67 blood samples were obtained from 20 cystinosis families
from whom informed consent regarding participation in the
study had been obtained. The diagnosis of cystinosis in the
various kindreds had been established by clinical presentation
and the presence of elevated cystine levels in leukocytes.1,2

Haplotype Analysis
Haplotypes of individuals, including the two Irish patients
from the Town et al study,6 were determined by amplification
of microsatellite repeat markers. Primers for D17S1529,
D17S831, D17S1845, D17S829, D17S1828, and D17S1876,
D17S2167 and D17S2169 were as described.5,13 Following
end-labelling of one primer from each set with γ32P-ATP,

Figure 2 Detection of small mutations in exon 10 of CTNS by
SSCP and sequence analysis. ‘Con’ indicates control DNA. A
SSCP of exon 10 in family 11. An exon 10 mutation causes a
bandshift (indicated by arrowheads). The probands are com-
pound heterozygotes, having inherited the exon 10 mutation
from their father and the exon 7 mutation (W1328X) from their
mother. B SSCP of exon 10 in family 4. The proband is
homozygous for the exon 10 mutation, having inherited the
mutation from both the mother and father who appear
heterozygous. One brother is unaffected whilst the remaining
siblings are carriers. C Identification of nt1035(insC) as the
exon 10 mutation by sequencing. Partial sequence of exon 10,
showing the insertion of a C after base 1035 of the CTNS gene,
which results in a frameshift and a premature stop at codon
295. The proband (left) of family 1 appears homozygous for
the nt1035(insC) mutation, whilst the mother (right), who
carries a deletion of exons 3–10 of CTNS, appears normal.
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microsatellites were amplified and electrophoresed on 6%
Long Ranger (JT Baker, Phillipsburg, NJ, USA) polyacryla-
mide gels. Gels were blotted on to Whatman 3MM paper and
autoradiographs were exposed for 1 to 4 h. After alleles were
assigned, haplotyping of cystinosis and non-cystinosis chro-
mosomes in each family was undertaken. To differentiate
between the large and small deletions, markers AA313583
and T85505 were amplified as described by Shotelersuk et
al.7

SSCP Analysis
Exons 3–12 of CTNS were screened by SSCP using the
primers described by Town et al,6 except for exon 7
amplification where the primers 5'-TCATGATCACCT-
GAGGG-3' and 5'-CCGAGGATACGCTTTCT-3' were
used, and exon 3 where the primers 5'-CATTTCTCTAC-
GAGCTTC-3' and 5'-AATCGAGAAACATGATAAGG-3'
were used, with annealing temperatures of 55°C and 60°C,
respectively. Following amplification of each exon, the ampli-
fication products were combined with urea/formamide load-
ing dye, denatured at 92°C, and electrophoresed on PhastGels
(Pharmacia, Baie d’Urfé, Quebec, Canada) for 55–170vh.
Bands were visualized by silver staining.

DNA Sequencing
Exon amplification was performed as described above, and
the resulting products were purified using a QIAquick PCR
Purification kit (Qiagen, Mississauga, ON, Canada).
Sequences were determined using a Dye Terminator Cycle
Sequencing Core kit with AmpliTaq DNA Polymerase, FS
(Perkin Elmer, Mississauga, ON, Canada) and an ABI 373A
Automated Sequencer.

Results
A failure of amplification of D17S829 (Figure 1A,
lane 8) and/or aberrant inheritance pattern in several
families (Figure 1A), suggested that a deletion contain-
ing this microsatellite was present on some cystinosis
chromosomes. Amplification of individual exons indi-
cated that this deletion included exons 3–10 of CTNS
(data not shown), as described by Town et al.6 Also,
failure of amplification of markers AA313583 and
T85505 in patient 10, who is homozygous for the
deletion (data not shown), indicated that the large

deletion rather than the small deletion6,7 is present in
this individual.

A single strand conformational polymorphism
(SSCP) was detected in exon 10 on four chromosomes
present in three families. The observed SSCP band shift
(Figure 2A and B) results from the insertion of a single
C after base 1035 (Figure 2C) causing a frameshift,
disrupting the normal translation of the gene and
ultimately leading to a premature stop at codon 295
(Table 1).

Two novel CTNS mutations were identified by direct
sequencing of exons 7 and 8 (data not shown). Sequenc-
ing of exon 7 revealed an A– – – – > T at base 736 in two
individuals, resulting in the substitution of a phenyl-
alanine for an isoleucine at residue 133 (Table 1). An
exon 8 C– – – – > T mutation at base 812 was found on
two chromosomes (Table 1) resulting in the substitution
of a proline for a leucine in the second putative
transmembrane domain6 of the cystinosin protein.

An exon 7 mutation (Figure 3) was found on 21 of the
40 chromosomes studied. Sequencing of this exon
(Figure 3C) in patients homozygous for this exon 7
mutation (family 14, Figure 3B, right 4 lanes) demon-
strated that the mutation which caused the observed
SSCP (Figure 3A and B) is a G to A substitution at base
753, resulting in a stop at codon 138 (Table 1). This
same mutation (W138X) was detected in two Irish
families, but not among French or other continental
European cystinosis patients.6 Also, it was detected in
14 American patients of German, French, British,
Scandinavian and Romanian origins.7

In order to determine whether the W138X mutation
in our French Canadian cystinotic population was of
Irish derivation, we compared the French Canadian
haplotypes with those of the Irish patients previously
shown6 to harbour this mutation. We have determined
the haplotype of cystinosis chromosome at 17p13 from
20 patients of French Canadian origin (Figure 4A) and
two Irish patients (Figure 4B), using polymorphic
microsatellite repeat markers spanning a roughly 7 cM
region. Both of the Irish W138X chromosomes have the

Table 1 Frequency and description of CTNS mutations in French Canadians

Affected
Affected Chromosomes Frequency
Exon(s) (No) (%) Mutation Nucleotide change Effect on coding sequence Reference

3–10 7/40 18 large deletion exons 3–10 deleted 6
7 2/40 5 I133F ATCÝTGA at 736 IleÝPhe at 133 This paper
7 21/40 52 W138X TGGÝTGA at 753 TrpÝStop at 138 6
8 2/40 5 L158P CTGÝCCG at 812 LeuÝPro at 158 This paper

10 4/40 10 nt1035(insC) insert C after 1035 frameshift at 233, stop at 295 7
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same D17S829 allele as all the French Canadian W138X
chromosomes. Additionally, the conservation of the
haplotype, although not complete, extends to the
markers flanking D17S829, lending support to the
concept that the French Canadian W138X mutation
originated in Ireland.

Discussion
We have identified causative mutations in the CTNS
gene on 36 (90%) of the chromosomes studied. Five
CTNS mutations, including two which are novel, have
been identified in our study population. Three of these
mutations are predicted to cause major disruptions of
the CTNS gene, one involving a deletion of most of the
gene, the other two causing premature termination of
translation. The fourth mutation is predicted to cause
the substitution of a proline for a leucine at amino acid
residue 158 within the second putative transmembrane
domain of the cystinosin protein. In this regard, it is
worth noting that all previously described CTNS
missense mutations6,7 occur within, or one residue away
from, a transmembrane domain. It is also present in a
yeast transmembrane protein which shares 64% sim-
ilarity with cystinosin, whilst a similar amino acid,
isoleucine, is present in the same position in a C. elegans
protein which is 66% similar to cystinosin.6 The
replacement of the conserved leucine residue with the
fixed amino bond angle found in proline may result in
a loss of transmembrane transport function. The I133F
mutation may also cause a major disruption of cysti-
nosin function since it occurs in the first transmem-
brane domain and involves the replacement of a
relatively small side chain with a bulky aromatic ring.
The I133F and L158P mutations each accounted for
approximately 5% of the cystinosis chromosomes
reported here (Table 1). These mutations were not
detected in European6 or American7 cystinosis popula-
tions and may represent recent mutations.

Town et al6 have described CTNS mutations in
cystinosis patients of various ethnic origins gathered in
London and Paris. The most common mutation in this
study was a large deletion encompassing exons 3 to 10
of the CTNS gene; in fact, 22 of the 70 subjects studied
were found to be homozygous for this deletion. This
deletion was also the most common mutation in a
second study which involved 108 American cystinotics,
44% of whom were homozygous for this mutation.7

Our study of 20 cystinosis patients revealed only one
homozygote, and five who are heterozygotes, for the

Figure 3 Detection of small mutations in exon 7 of CTNS by
SSCP and sequence analysis. ‘Con’ indicates control DNA. A
SSCP of exon 7 in family 17. An exon 7 mutation causes a
bandshift (indicated by arrowheads). The proband appears
homozygous for an exon 7 mutation, but has inherited the
large deletion from her mother, who shows a normal exon 7
SSCP pattern. The sister is an unaffected carrier of the exon 7
mutation, whereas the brother carries neither mutation. B
SSCP of exon 7 in families 7 (first 3 lanes) 14 (last 4 lanes).
Family 7: the proband appears homozygous for the exon 7
mutation since she inherited the exon 7 mutation from her
father and the large deletion from her mother (see Figure 3A).
Family 14: the probands are dizygotic twins and have inherited
exon 7 mutations from their mother and father. C Identification
of W138X as the exon 7 mutation by sequencing. Partial
sequence of exon 7, showing a G to A substitution, which
results in a stop at codon 138 of CTNS. The proband (left) of
family 17 appears homozygous for the W138X mutation, whilst
the mother (right), who carries a deletion of exons 3–10 of
CTNS, appears normal.
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deletion of exons 3 to 10 of CTNS, reflecting a much
lower frequency of the deletion allele in our French
Canadian population than in either group previously
studied, assuming a random assortment. Due to inac-
cessibility of some parental DNA samples, however,
there may be as many as three undetected chromo-
somes carrying the deletion, bringing the maximum
number of deleted chromosomes to ten, still well below

the European allele frequency of 50–60% suggested by
the Town et al6 data.

We have analysed the haplotype at 17p13 of 40 chro-
mosomes originating from 20 French Canadian cysti-
nosis patients. It is probable, from consideration of
these haplotypes (Figure 4A), that all of the deletions
found in the French Canadians studied here are
identical. Markers which flank the deleted region vary

Figure 4 Haplotype analysis of cystinosis chromosomes. Each bar represents the portion of an individual chromosome 17 from
D17S1529 to D17S1876. Maternal and paternal chromosomes from A each of 20 French Canadian and B Irish cystinosis patients are
shown. For patient L32, all alleles are interchangeable between chromosomes since no parental samples were available. Both Irish
patients were compound heterozygotes with the W138X and large deletion mutations (Margaret Town, personal communication 1998).
The CTNS mutation on each chromosome is indicated to the left. Each allele of each microsatellite repeat marker is represented by
a specific pattern; ‘nd’ indicates that the allele was not determined.
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between only two alleles, suggesting that this region of
these chromosomes is conserved, with markers further
away from D17S829 exhibiting more variability.

In contrast to the French, British and American
cystinosis populations, the most frequently observed
mutation in French Canadian cystinotics is the pre-
viously identified W138X point mutation. In consider-
ing the origin of this CTNS mutation, one would
typically look to France, since Quebec was founded by
successive waves of French immigrants from 1608 to
1763.13 Surprisingly, in the original report, the common
W138X mutation was not found in any patients from
Paris; rather, the two patients exhibiting this mutation
were from Ireland.6 Identity of haplotypes between
chromosomes from French Canadian and Irish cysti-
notic individuals lends further credibility to the notion
that W138X has Irish rather than French origins.
Possible explanations for the presence of this mutation
in French Canada include the massive emigration of the
Irish to Canada, during the Great Potato Famine of
1846–1851.14,15 Also to be considered are the estimated
400 000 Irish who landed in British North America,
many in Quebec, before the Potato Famine.16 Indeed,
by 1871 over 120 000 Quebecers, representing 10–15%
of the population, were of Irish origin.

Natural rapid expansion of the population, combined
with the relative isolation of the population from a
linguistic standpoint has contributed to the founder
effect noted in the distribution of several genetic
diseases in the French Canadian population of Que-
bec.10,11,17–20 Our haplotype analysis, covering eight
microsatellite repeats at chromosome 17p13, revealed
some evidence for common patterns in all five cysti-
nosis mutations, suggestive of a number of founding
chromosomes. More compelling evidence for such
effects is seen in the complete disequilibrium observed
between D17S829 alleles for each of the five different
mutations (Figure 4). Our data suggest that there are
several founding cystinosis mutations in the French
Canadian population, with origins both in France and
Ireland, with the ‘Celtic’ cystinosis mutation having
made the most significant contribution to cystinosis in
the present-day population of French Canada. We are
aware of one previous example of Celtic disease
chromosomes in Quebec: phenylketonuria chromo-
somes harbouring ‘Celtic’ haplotypes have been found
in the Saguenay–Lac St Jean and Charlevoix regions of
Quebec.21

Finally, with the cloning of the CTNS gene has come
a better understanding of the molecular basis of

nephropathic cystinosis. For diagnostic purposes, it is
important to have both a knowledge of the mutations in
a particular population and a high rate of mutation
detection. Here we describe five CTNS mutations
which account for about 90% of cystinosis alleles in
French Canadians. The majority of these mutant
chromosomes are detectable by SSCP, a rapid assay,
permitting molecular diagnosis of this tragic disease.
Additionally, all of the point mutations described here
are detectable by RFLP (data not shown). The high
degree of ascertainment of CTNS mutations will be
especially valuable in areas of French Canada such as
Saguenay–Lac St Jean and Charlevoix where the
incidence of nephropathic cystinosis is estimated at one
in 6000 births.8
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