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Constitutional WT1 mutations
correlate with clinical features in
children with progressive nephropathy
EDITOR—The WT1 tumour suppressor gene encodes a
transcriptional factor containing four zinc fingers.1 2 This
gene has two alternative splicing regions, one consisting of
17 amino acids which are encoded by the whole of exon 5
and the other comprising three amino acids (lysine, threonine, and serine (KTS)) situated between the third and
fourth zinc fingers encoded by the 3' end of exon 9. Four
isoforms of the gene thus occur depending on the presence
or absence of these regions.3 These isoforms are present in
a fixed proportion in tissues where they are expressed. WT1
is expressed from the condensing mesenchyme to mature
podocytes in fetal kidneys. The other sites are genital ridges
and fetal gonads. Therefore, this gene is thought to play an
important role in the development of the kidneys and
gonads.4 5 Functional impairment of this gene is considered to give rise to urogenital abnormalities and Wilms
tumours. Denys-Drash syndrome and Frasier syndrome,
both of which are characterised by nephropathy with genital abnormalities, have been recognised as disorders related
to WT1 mutations.
Denys-Drash syndrome consists of the triad of progressive nephropathy characterised by diVuse mesangial
sclerosis (DMS), genital abnormalities, and Wilms
tumour.6 The incomplete form consists of nephropathy
with genital abnormalities or Wilms tumour. In virtually all
patients with Denys-Drash syndrome, point mutations are
detected in the zinc finger domain encoded by exons 7 to
10 of the WT1 gene.7 The mutations noted in Denys-Drash
syndrome patients are frequently missense changes in
exons 8 and 9 that encode the second and third zinc
fingers.
Frasier syndrome is a clinical entity proposed by Moorthy et al8 to be related to but distinguished from
Denys-Drash syndrome. Frasier syndrome is characterised
by a slowly progressing nephropathy, male pseudohermaphroditism, and no Wilms tumour. As for histological
findings of the kidneys, focal segmental glomerular sclerosis (FSGS) or focal glomerular sclerosis (FGS) is often
observed in cases of Frasier syndrome, whereas DMS is
noted in Denys-Drash syndrome patients. Recent reports
have shown that Frasier syndrome arises from heterozygous mutation at the intron 9 splicing donor site of the
WT1 gene.9–11 This intron 9 mutation leads to impairment
of exon 9 alternative splicing with a consequent decrease in
the +KTS isoform, thereby eventually causing a quantitative +KTS/−KTS isoform imbalance.
Recently, the presence of constitutional WT1 mutations
has been documented in some patients with nephropathy
alone, such as isolated DMS (IDMS).12 13 IDMS presents
the same clinical features of nephropathy as those seen in
Denys-Drash syndrome, but is not accompanied by any
other anomalies or Wilms tumours.14 The mutations were
mostly located in exons 8 and 9 in these IDMS patients,
and were thus similar to the mutations seen in DenysDrash syndrome.
As noted above, some progressive nephropathies in children are thought to be related to WT1 mutations. However,

the clinical features of WT1 related nephropathy have not
been fully elucidated at the molecular level, especially in
patients with FSGS not accompanied by other abnormalities. Analysis of the WT1 gene in such progressive
nephropathy is of value in clarifying the role of WT1 in
urogenital organ development. In this study, we analysed
constitutional WT1 mutations in patients with progressive
nephropathies, such as FSGS, FGS, and DMS, which may
be related to functional impairment of WT1, to investigate
the correlation between the type of WT1 mutation and the
phenotype of nephropathy.
The clinical features of the 42 patients with progressive
nephropathy are summarised in table 1. Thirty four
patients were analysed in the present study, eight of whom
(patients 1-3 and 10-14) were reported in our previous
study.9
Of the 42 patients studied, 16 had nephropathy accompanied by genital abnormalities or Wilms tumours. Nine
patients including a set of identical twins (patients 8 and 9)
had been clinically diagnosed with incomplete DenysDrash syndrome. In all the Denys-Drash syndrome
patients, except one (No 5) who lacked detailed clinical
progress data, the nephropathy had progressed rapidly to
renal failure by the age of 2 years. Six patients (Nos 2, 4,
and 6-9) with a 46,XY karyotype had diverse genital
anomalies ranging from hypospadias and cryptorchidism
to complete female external genitalia. Three patients (Nos
1, 3, and 5) developed a Wilms tumour. In seven patients
including another set of identical twins (Nos 10 and 11),
Frasier syndrome was strongly suspected based on the following clinical features. The course of nephropathy was
slowly progressive; in four patients (Nos 12 and 14-16), the
nephropathy did not require dialysis until more than 6
years after the onset and in the other three (Nos 10, 11, and
13) nephropathy had not yet led to renal failure. All
patients had female external genitalia despite a 46,XY
karyotype. None showed evidence of a Wilms tumour.
Of the remaining 26 patients, none was noted to have
genital anomalies or Wilms tumours. In seven patients with
IDMS, the nephropathy had developed at or before 2 years
of age and progressed rapidly to renal failure in all but one
patient (No 21). The clinical picture was diverse in 19
patients with FSGS. Age at the onset of nephropathy varied widely, ranging from 0 months to 15 years, and the age
at which the condition progressed to end stage renal failure
also varied considerably, 1 to 17 years. There were no signs
of renal failure in three patients (Nos 30, 34, and 42). In
two patients (Nos 32 and 41), detailed clinical progress
data pertaining to the nephropathy were not available.
DNA extraction from leucocytes was carried out by
the SDS-proteinase K method as previously described15
or using the GFX genomic blood DNA purification
kit (Amersham-Pharmacia Biotech). Amplification of
exons 7 to 10 was performed using primers designed
in the pre- and post-exon introns. The primers used
included
the
following:
for
exon
7,
7D-S
(5'-GACCTACGTGAATGTTCACATG-3') and 7C-A
(5'-CTTAGCAGTGTGAGAGCCTG-3'); for exon 8, 8-S
(5'-AGATCCCCTTTTCCAGTATC-3')
and
8C'-A
(5'-CAACAACAAAGAGAATCA-3'); for exon 9, 9C-S
(5'-AAGTCAGCCTTGTGGGCCTC-3') and 9C-A
(5'-TTTCCAATCCCCTCTCATCAC-3'); and for exon
10, 10C-S (5'-CACTCGGGCCTTGATAGTTG-3') and
10C-A (5'-GTCAGACTTGAAAGCAGTTC-3').9 The
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Table 1
Patient

mutations were heterozygous in all but one patient (No 1),
in whom the mutation was homozygous.15
WT1 mutations were found in all 16 patients with genital abnormalities or Wilms tumour, the mutations being
exonic in seven patients and intronic in nine patients. Of
seven patients with exonic mutations, who had been clinically diagnosed as having Denys-Drash syndrome, six (Nos
1-3 and 5-7) carried missense mutations within exon 8 or
9. The conversions of the amino acids cysteine 355, 385,
and 388, critical for the zinc finger structure, were found in
patients 1, 2, and 5, respectively. The mutations in patients
3, 6, and 7 were located in the amino acids arginine 366,
asparagine 396, and arginine 394, respectively, which are
essential for DNA binding. These mutations have frequently been seen in patients with Denys-Drash
syndrome.16 In the other patient (No 4) with exonic mutations, there was a missense mutation in exon 7 which has
not been reported previously. In this case, transversion of
the nucleotide T 1025 to G leading to replacement by
arginine of the amino acid 342 methionine adjacent to the
zinc coordinating histidine was identified. Of the nine
patients with intronic mutations, the identical twins (Nos 8
and 9), who had been clinically considered to have DenysDrash syndrome and seven patients with Frasier syndrome
(Nos 10-16), had point mutations at the intron 9 splicing
donor site +2 (two cases), +4 (five cases), and +5 (two
cases). These mutations, detected in patients in the present

Clinical features and WT1 mutations in patients
Age

Nephropathy
onset
Renal failure

Histology

Genital status external
& internal genitalia

Wilms
tumour

WT1 mutation
(exon/intron)

DNA

Amino acids

+
−
+
−
+
−

Exon 8
Exon 9
Exon 8
Exon 7
Exon 9
Exon 9

1064
1154
1097
1025
1163
1186

G→A
T→C
G→A
T→G
G→T
G→A

355

−

Exon 9

1180

C→T

394

46,XY
46,XY

Female
Female, streak gonad
Female
Female
Female
Hypospadias,
cryptorchidism
Hypospadias,
cryptorchidism
Female
Female

−
−

Intron 9
Intron 9

+4
+4

c→t
c→t

Disruption of splicing
Disruption of splicing

46,XY
46,XY
46,XY
46,XY
46,XY
46,XY
46,XY

Female, streak gonad
Female, streak gonad
Female, streak gonad
Female, streak gonad
Female, streak gonad
Female
Female

−
−
−
−
−
−
−

Intron 9
Intron 9
Intron 9
Intron 9
Intron 9
Intron 9
Intron 9

+4
+4
+4
+5
+2
+5
+2

c→t
c→t
c→t
g→t
t→c
g→a
t→c

Disruption of splicing
Disruption of splicing
Disruption of splicing
Disruption of splicing
Disruption of splicing
Disruption of splicing
Disruption of splicing

46,XY
46,XY
46,XY
46,XY
46,XY
46,XY
46,XX
46,XX
NE
46,XX
NE
46,XX
46,XX
NE
NE
NE
46,XY
NE
NE
NE
NE
NE
NE
NE
NE
NE

Male
Male
Male
Male
Male
Male
Female
Female, puberty(+)
Female
Female
Male
Female
Female
Male
Not known
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Not known

−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−

Exon 7
−
−
−
−
−
−
Intron 9
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−

935

G→A

312

+4

c→t

Disruption of splicing

Karyotype

Nephropathy with genital abnormalities or Wilms tumours
Clinical Denys-Drash syndrome
1*
1y
1y
1y
FGS
2*
22 y
Unclear
2y
FGS
3*
5y
Unclear
1 mth
FGS
4
7y
Unclear
1y
ESRD
5
5y
<5 y
Not followed
Not known
6
1y
1 y 2 mth
1 y 2 mth
DMS

46,XX
46,XY
46,XX
46,XY
NE
46,XY

7

46,XY

9y

Unclear

11 mth

DMS

8†
18 y
Unclear
7 mth
Dysplasia
9†
18 y
7 mth
7 mth
Dysplasia
Clinical Frasier syndrome
10*‡
18 y
3y
No
FGS
11*‡
18 y
3y
No
FGS
12*
19 y
5y
16 y
FGS
13*
3y
3y
No
Not known
14*
26 y
6y
23 y
FGS
15
19 y
6y
12 y
FSGS
16
18 y
2y
8y
FSGS
Nephropathy without genital abnormalities and Wilms tumours
17
3y
2y
2y
DMS
18
2y
1y
1y
DMS
19
7y
2y
2y
DMS
20
18 y
0y
1y
DMS
21
3y
2 y 8 mth
No
DMS
22
6y
2 mth
2 mth
DMS
23
Not known 8 d
1 y 2 mth
DMS
24
18 y
2y
4y
FSGS
25
8y
1 y 9 mth
3y
FSGS
26
13 y
7y
8y
FSGS
27
15 y
2 y 8 mth
7y
FSGS
28
19 y
1w
5 y 2 mth
FSGS
29
30 y
Unclear
11 y
FSGS
30
24 y
7y
No
FSGS
31
11 y
4 y 6 mth
7y
FSGS
32
Not known 15 y
Not followed
FSGS
33
9y
2 y 10 mth 3 y 11 mth
FSGS
34
Not known 13 y
No
FSGS
35
8y
1 y 6 mth
1 y 7 mth
FSGS
36
4y
1 y 7 mth
2 y 10 mth
FSGS
37
16 y
3 y 2 mth
4 y 4 mth
FSGS
38
19 y
3 y 2 mth
17 y
FSGS
39
9y
3 y 1 mth
7 y 6 mth
FSGS
40
19 y
5 y 5 mth
7y
FSGS
41
12 y
6 y 2 mth
Not followed
FSGS
42
5y
3y
No
FSGS

Cys → 355Thr
Cys → 385Arg
366
Arg → 366His
342
Met → 342Arg
388
Cys → 388Phe
396
Asp → 396Asn
385

Arg → 394Trp

Arg → 312Gln

*Patients 1–3 and 10–14 have been reported before.9 †8 and 9, and ‡10 and 11 are identical twins. FGS, focal glomerular sclelrosis; ESRD, end stage renal disease;
DMS, diVuse mesangial sclerosis; FSGS, focal segmental glomerular sclerosis; NE, not examined.
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cycling protocol consisted of incubation at 94°C for three
minutes, followed by 30 cycles of 94°C for one minute,
55°C (exons 8 and 9)/58°C (exons 7 and 10) for one
minute, 72°C for one minute, and a final extension time of
72°C for five minutes. The resultant PCR products were
purified through Microspin S-400 HR columns
(Amersham-Pharmacia Biotech). The sequence reactions
were carried out using either fluorescently labelled forward
or reverse primers, a Thermo Sequenase fluorescently
labelled primer cycle sequencing kit (AmershamPharmacia Biotech), and ALF DNA sequencer II
(Amersham-Pharmacia Biotech). Whenever the sequence
of the PCR product was ambiguous or mutated, the
sequence reaction was repeated using the contradirected
primer. The fluorescently labelled primers used were as
follows:
exon
7
forward:
7-S
(5'AGCCTCCCTTCCTCTTACTC-3'), and reverse: 7-A
(5'-GTTTGCCCAAGACTGGACAG-3'); exon 8 forward:
8-S (5'-AGATCCCCTTTTCCAGTATC-3'), and reverse:
8C-A (5'-AAATCAACCCTAGCCCAAGG-3'); exon 9
forward: 9B-S (5'-TAGGGCCGAGGCTAGACCTTC
TCT-3'), and reverse: 9C-A (5'-TTTCCAATCCCT
CTCATCAC-3'); and exon 10 forward: 10B-S (5'TGTGCCTGTCTCTTTGTTGC-3'),
and
reverse:
10B-A (5'-TGCTGCCTGGGACACTGAAC-3').9
Of the 42 patients studied, 18 were found to have
constitutional mutations in the WT1 gene (table 1). These
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applicable to this patient since cases with a 46,XX
karyotype were not described in the definition of Frasier
syndrome proposed by Moorthy et al.8 In this regard, we
consider this case with a 46,XX karyotype to represent a
variant form of Frasier syndrome based on both the clinical features of nephropathy and the types of WT1
mutations. This patient, No 24, had normal female external genitalia and presented secondary female sex characteristics. Besides this patient, three other cases with a 46,XX
karyotype accompanied by intron 9 splicing donor site
mutations have been reported.11 12 17 All these patients had
nephropathy and normal sex diVerentiation, as did our case
24. They can be considered to have “genotypic female
Frasier syndrome”. It would be reasonable to assume that
the intron 9 splicing donor site mutation does not interfere
with feminisation in patients with a 46,XX karyotype,
whereas this mutation strongly interferes with masculinisation since patients with a 46,XY karyotype who have intron
9 mutations invariably have female external genitalia.9–11
As mentioned above, the intron 9 mutation leads to
impairment of exon 9 alternative splicing, thereby eventually causing a quantitative +KTS/−KTS isoform imbalance. Many studies have suggested functional diVerences
among the isoforms, with or without KTS. These isoforms
have diVerent DNA binding properties18; the −KTS
isoform has greater binding aYnity for growth related
genes.19 In addition, two of these isoforms have been shown
to vary in subnuclear localisation. The +KTS isoform
appears to be involved in post-transcriptional RNA
processing in association with splicing factors, while the
−KTS isoform is situated in the transcriptional factor
domain.20 21 In the patients with Frasier syndrome, in
whom masculinisation is impaired, the amount of the
+KTS isoform diminishes relative to the −KTS isoform
owing to the intron 9 mutation. Therefore, it appears
probable that the +KTS isoform plays a significant role in
masculinisation. The clinical features of patients with a
46,XX karyotype nevertheless indicate that the +KTS isoform probably has little significance in feminisation.
The clinical features of the patients with intron 9 mutations discussed so far are summarised as follows. The
patients exhibited slowly progressive nephropathy, as
reported for Frasier syndrome, as compared to those with
exonic mutations. Whereas all 46,XY cases presented
female external genitalia, normal sex diVerentiation was
evident in the 46,XX cases. There was no evidence of
Wilms tumour in the patients with intron 9 mutations analysed in this study. The incidence of Wilms tumour is considered to be markedly lower in patients with intron 9
mutations than in those with exonic mutations, since
Wilms tumour had occurred in only one of the 27 cases
analysed in this and previous studies.9–12 17 22–25
In the two patients with an intron 9 mutation (Nos 8 and
9), who were identical twins, the clinical manifestations
also overlapped in part with those of Frasier syndrome, that
is, 46,XY female external genitalia without the development of Wilms tumour. However, nephropathy progressed
to renal failure as early as 7 months after onset. Because of
the rapidity with which nephropathy progressed, the
disease state was clinically considered to represent DenysDrash syndrome rather than Frasier syndrome. Histological findings were those of dysplastic kidney and were not
characteristic of either Denys-Drash or Frasier syndrome.
An IDMS case with an intron 9 splicing donor site mutation with early onset and rapid progression of nephropathy
was reported (patient P4 in the study by Jeanpierre et al12).
The twin cases described here, and the case documented
by Jeanpierre et al,12 had a nephropathy course consistent
with the clinical features of Denys-Drash syndrome. It follows that the nephropathy associated with WT1 intron 9
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study (Nos 15 and 16), were consistent with those which
have been reported in patients with Frasier syndrome.9–11
Of the 26 patients with nephropathy alone, only two (No
17 with IDMS and No 24 with FSGS) were noted to have
WT1 point mutations. The WT1 mutation detected in
patient 17 has been reported in cases without nephropathy,
Wilms tumours with genital anomalies, or sporadic Wilms
tumours. The amino acid 312 arginine was replaced by
glutamine as a result of alteration of the nucleotide T 935
to A, and this mutation occurred upstream from the zinc
finger domain. In patient 24, who had FSGS, a WT1
mutation situated at position +4 of the intron 9 splicing
donor site was detected; this mutation was the same as
those reported in Frasier syndrome patients.9–11
The published constitutional WT1 mutations in patients
with nephropathy are thought to be classifiable into two
groups: one is mutations occurring within the zinc finger
domain, especially within exon 8 or 9, most of which are
missense mutations, and the other is point mutations at the
intron 9 splicing donor site.16 In the present analyses in
patients with nephropathy as well as our previous studies,9
we identified WT1 mutations in 18 such cases, that is, missense mutations at exons 7 to 9 in eight cases and
mutations at the intron 9 splicing donor site in 10 cases
(table 1). Depending on whether they had the exonic or
intronic mutations, diVerences in clinical features were
noted among these patients.
The eight patients with exonic mutations clinically had
either Denys-Drash syndrome or IDMS. In six patients
with Denys-Drash syndrome (Nos 1-3 and 5-7), WT1
mutations were missense mutations within the second or
the third zinc finger encoded by exon 8 or 9, respectively,
whereas in one Denys-Drash syndrome patient (No 4), a
missense mutation was detected in a rarely involved site,
the first zinc finger encoded by exon 7. In patient 4, a point
mutation with replacement of 342 methionine by arginine
was detected. This replacement of a hydrophobic amino
acid by a basic amino acid may disrupt the conformation of
the first zinc finger. This mutant protein would potentially
aVect WT1 gene functions, like the mutant proteins resulting from injury to the second or the third zinc finger that
are often noted in Denys-Drash syndrome and IDMS
patients.
The clinical features of patients with the exonic
mutations studied may be summarised as follows.
Nephropathy progressed rapidly to renal failure in all but
one patient (No 5) whose clinical course was uncertain.
Genital abnormalities were diverse, ranging from little if
any impairment to 46,XY female. A Wilms tumour developed in three of the eight patients; the potential risk of
Wilms tumour development in patients with exonic WT1
mutations was thus reconfirmed.
The missense mutation observed in patient 17 was situated in exon 7 but upstream from the zinc finger domain.
In published nephropathy cases, the mutation upstream
from the zinc finger domain was rarely detected.12 16 This
mutation may exert an eVect on WT1 gene functions
diVerent from that of the mutations located within the zinc
finger domain. To understand the mechanism of nephropathy development, further studies are needed to clarify the
function of the resulting mutant protein.
Among 10 patients with intron 9 splicing donor site
mutations, the clinical features of seven patients (Nos
10-16) were consistent with Frasier syndrome. Patient 24
actually had features concordant with nephropathy in Frasier syndrome. The patient developed nephropathy at the
age of 2 that had progressed to renal failure by the age of 4.
Renal biopsies showed findings characteristic of FSGS.
The patient’s karyotype was 46,XX, however. The conventional disease concept of Frasier syndrome has not been
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25 Barbosa AS, Hadjiathanasiou CG, Theodoridis C, Papathanasiou A, Tar A,
Merksz M, Gyorvari B, Sultan C, Dumas R, Jaubert F, Niaudet P, MoreiraFilho CA, Cotinot C, Fellous M. The same mutation aVecting the splicing
of WT1 gene is present on Frasier syndrome patients with or without
Wilms’ tumor. Hum Mutat 1999;13:146-53.
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Interstitial deletion of chromosome 17
(del(17)(q22q23.3)) confirms a link
with oesophageal atresia
EDITOR—There have been five previously described cases
with a de novo interstitial deletion within the distal long
arm of chromosome 17.1–5 We describe a sixth case,
46,XY,del(17)(q22q23.3)de novo. Three patients, including the proband in this report, presented with tracheooesophageal fistula (TOF)/oesophageal atresia, highlighting a
potential genetic locus for this significant congenital anomaly.
The patient was born at 32 weeks’ gestation by Caesarean
section for fetal distress and intrauterine growth retardation.
The liquor volume was low. He was the first child of a 20 year
old mother and 22 year old father who were non-

consanguineous and healthy. The birth weight was 1420 g
(9th centile) and head circumference was 27 cm (2nd
centile). Apgar scores were 7 at one minute and 9 at five
minutes. The patient was noted to be dysmorphic at birth
and oesophageal atresia was diagnosed at 2 days of age (fig
1). The patient had a small fontanelle, a sloping forehead
with wrinkled skin, a round facial appearance, hypertelorism, small eyes with upward slanting palpebral fissures, a
broad nasal tip with a short philtrum, a downturned mouth,
and thin lips. His palate and ears were normal. He had small
nails, proximally placed thumbs, and a deep crease between
his first and second toes. He had knee contractures and a
fixed flexion deformity of his hips. There was no palpable hip
instability and ultrasound confirmed this.
Echocardiography showed a ventricular septal defect
with an overriding aorta, pulmonary valve stenosis, and a
left to right shunt. Cranial ultrasound was normal, as was
renal ultrasound. At surgery oesophageal atresia was
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mutations is more heterogeneous than was previously
thought. The rapid progress of nephropathy in these cases
might be the consequence, in part, of a possible influence
of additional genes related to development of the kidneys.
In conclusion, this review of the clinical features of
nephropathy in patients with WT1 gene mutations
indicates that diVerences exist in the progression of nephropathy, the degree of genital abnormalities, and the
incidence of Wilms tumours between two types of
mutations, that is, exonic and intronic mutations, although
in a few cases (patients 8 and 9) features occasionally overlap. Thus, detecting and clarifying types of WT1 mutations
is considered to be useful for prognostic estimation of the
clinical course in children with progressive nephropathy.
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confirmed with tracheo-oesophageal fistulae communicating with both the upper and lower oesophageal pouches. A
successful oesophagostomy and gastrostomy were performed. Anal stenosis was noted and required repeated
dilatations and eventually an anoplasty was performed.
The baby’s recovery was complicated by several episodes
of sepsis but he was discharged at 2 months of age. He
made little developmental progress. Readmission was
required for cyanotic episodes related to a deterioration in
his cardiac condition. He developed bronchiolitis and died
at 31⁄2 months.
Short term peripheral blood cultures were initiated and
harvested by standard protocols. G banded analysis was
carried out using trypsin digestion followed by Leishman
staining. All metaphases examined showed a male
karyotype with an apparent interstitial deletion of the
region 17q22→q23.3 (fig 2). Parental karyotypes were

normal. The patient’s karyotype was therefore
46,XY,del(17)(q22q23.3)de novo.
Five cases of interstitial deletions within the distal long
arm of chromosome 17 have been described with a similar
phenotype, including microcephaly, facial dysmorphism,
proximal placement of the thumbs, and developmental
delay.1–5 The features are shown in table 1. Congenital
heart disease has been reported in all the cases that have
died prematurely including the present case and those of
Levin et al4 and Dallapiccola et al.2 The cardiac malformations described in these latter two cases diVer from the
present case and include bicuspid aortic valve, atrial septal
defect, patent ductus arteriosus, and dilated left atrium and
ventricle. Both of the other patients have a more distal
breakpoint, involving 17q24. The patient in this report has
similar breakpoints to that of Mickelson et al,5 who
reported a female with no cardiac defects. Our finding is

17 del(17)

17 del(17)

17 del(17)

17 del(17)

Figure 2 A partial G banded karyotype indicating the normal chromosome 17 (on the
left) and the deleted chromosome 17 ( in the centre). A chromosome 17 ideogram is also
shown (on the right). The bracket indicates the deleted region.
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Figure 1 The proband aged 3 days. Note the wrinkled forehead, hypertelorism, small,
upward slanting palpebral fissures, broad nasal tip, and downturned mouth. Proximal
placement of the thumb is shown on the right.

Letters
Clinical features of the six cases with deletions of chromosome 17(q21-24)

Birth details
Gestation
Delivery
Birth weight (g)
Birth OFC (cm)
Birth length (cm)
Sex
Craniofacial
Microbrachycephaly
Round face
Hypertelorism
Upward slanting palpebral fissures
Posteriorly rotated and low set ears
Long philtrum
Downturned mouth
Abnormal palate
Abnormal uvula
Micrognathia
CNS
Radiological cerebral abnormalities
Developmental delay
Skeletal
Proximal placement of the thumbs
Symphalangism
Other
TOF
Oesophageal atresia
Congenital heart defect
Death
Cytogenetics
Karyotype
Parental karyotype

Park et al1

Dallapiccola et al2

Khalifa et al3

Levin et al4

Mickelson et al5

Present case

41.5 wk
Caesarean
2370
30.5
47
F

Term
SVD
2780
33
47
M

41.5 wk
SVD
3425
32
52
M

35 wk, 3 d
Caesarean
1160
27
36
F

39 wk
SVD
2590
−
49
F

32 wk
Caesarean
1430
27
−
M

+
+
+
+
+
+
+
−
+
+

+
?
+
+
−
+
−
+
−
+/−

+
+
+
+
+
−
−
−
−
+

−
−
+
−
+
−
−
+
+
−

+
+
−
+
−
−
+
+
−
Mild

−
+
+
+
−
−
+
−
−
−

+
Mild to mod

+
?

−
Mod to severe

−
?

−
Mod to severe

−
?

+
?

+
+

+
+

+
−

+
+

+
−

+
−
−
−

+
+
+
4 mth

−
−
−
−

−
−
+
17 d

−
−
−
−

+
+
+
3.5 mth

46,XX,del(17)
(q21.3q23)
Normal

46,XY,del(17)
(q21.3q24.2)
Normal

46,XY,del(17)
(q21.3q23)
Normal

46,XX,del(17)
(q23.2q24.3)
Normal

46,XX,del(17)
(q23.1q23.3)
Normal

46,XY,del(17)
(q22q23.3)
Normal

SVD - spontaneous vaginal delivery
OFC - occipitofrontal circumference

thus consistent with a candidate region for cardiac malformations being more proximal to 17q24 and is against the
hypothesis put forward by Mickelson et al,5 who suggested
a more distal locus for cardiac abnormalities.
TOF/oesophageal atresia is rarely associated with a consistent chromosome abnormality. Brunner and Winter6
commented that an abnormal karyotype can be detected in
6% of patients with oesophageal atresia and associated
anomalies. Schinzel7 noted that oesophageal atresia and
TOF occur uncommonly in at least 10 diVerent chromosomal abnormalities. These have been isolated cases in all
instances except for two, where two out of 15 patients with
dup(3)(pter-p21) had a TOF as did two out of three cases
with del(6)(q13-q15); there were no cases associated with
chromosome 2 abnormalities. The discovery therefore of
three patients with an interstitial 17q deletion and TOF is
significant and unlikely to be coincidental. The breakpoints
seen in our patient (q22-23.3) fall within the same region as
reported in the two other patients1 2 and define a possible
critical region. This is emphasised by two of the three cases
without TOF having more distal breakpoints.4 5 The one
case with no TOF and breakpoints in our critical region
may confound this hypothesis, but is more likely to be
because of variable expression and should not deter further
research into this region. There are many other examples of
deletion syndromes with a diVerent clinical outcome in the
presence of haploinsuYciency to support this.12
It is of note that the clinical findings have some overlap
with Feingold syndrome,8 where oesophageal/duodenal
atresia is commonly reported along with microcephaly and
mesobrachyphalangy. However, the hand and foot findings
seen in the 17q deletion cases such as symphalangism and
thumb anomalies are not specific for Feingold syndrome
and none of the patients have 4,5 toe syndactyly which is
characteristic of this inherited condition. A recent report
from Celli et al10 showing linkage to 2p22.3 would confirm
these diVerences.
Human Nog has been shown by Gong et al11 to map to
17q22. Noggin encodes a bone morphogenetic protein

(BMP) antagonist which is expressed in the node, notochord,
and dorsal somite. In mice lacking Noggin, cartilage condensations initiated normally but developed hyperplasia. In
humans, heterozygous Nog mutations have been shown in
multiple synostoses syndrome (SYNS1, OMIM 186500)
and proximal symphalangism (SYM1, OMIM 185800).
Our patient did not have similar joint abnormalities, nor is
TOF a feature of either of these syndromes. Cartilage is,
however, present in the oesophagus which could represent a
rather tenuous link between these findings.
We believe that this case provides further evidence of a
distinct phenotype associated with deletions of 17q22-q23
and confirms an association between haploinsuYciency of
this region and oesophageal atresia. This is of particular
interest as familial oesophageal atresia is rare9 and there are
no other clues to genomic locations of importance for this
malformation.
We would like to acknowledge the help of the family with this publication.
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Mutational analysis of Sanfilippo
syndrome type A (MPS IIIA):
identification of 13 novel mutations
EDITOR—Sanfilippo syndrome or mucopolysaccharidosis
type III (MPS III) encompasses a group of four lysosomal
storage disorders resulting from a failure to break down the
glycosaminoglycan heparan sulphate. Each of the four
subtypes, A, B, C, and D, is caused by the deficiency of a
diVerent enzyme in the degradative pathway of heparan
sulphate: heparan-N-sulphatase (EC 3.10.1.1), á-Nacetylglucosaminidase (EC 3.2.1.50), acetyl-CoA N-acetyl
transferase (EC 2.3.1.3), and N-acetylglucosamine-6sulphatase (EC 3.1.6.14), respectively.1 Clinical symptoms
usually occur after two years of apparently normal
development and include hyperactivity, aggressive behaviour, delayed development (particularly in speech), sleep
disturbances, coarse hair, hirsutism, and diarrhoea. There
are only relatively mild somatic manifestations. There then
follows a period of progressive mental retardation with
death usually between the second and third decade of life.
In a small number of patients with Sanfilippo syndrome
type B, there is a more slowly progressive form of the disease with later onset known as the attenuated phenotype.2–4
A late onset phenotype has also been described for
Sanfilippo syndrome type A.5
Sanfilippo syndrome type A (MPS IIIA) is caused by a
deficiency in the enzyme heparan-N-sulphatase (sulphamidase). The disease is autosomal recessive and the gene
encoding the enzyme is situated on chromosome 17q25.3,
contains eight exons, and encodes a protein of 502 amino
acids.6 7 To date, 46 diVerent mutations have been identified
in Sanfilippo A patients,6 8–13 several of which have been found
at high frequencies in particular populations. The R245H,
R74C, 1091delC, and S66W were the most frequent
mutations in the Dutch (56.7%),11 Polish (56%),8 Spanish
(45.5%),13 and Italian (33%)12 populations, respectively. Several polymorphisms have been identified in the sulphamidase
gene including R456H, which has a high frequency of 55% in
the normal Australian population.9 In this study, mutational
analysis has been carried out on the sulphamidase gene from
23 patients with Sanfilippo syndrome type A in the UK.
Twenty three diVerent mutations have been found, 13 of
which have not been reported previously. The novel
mutations comprise one insertion (1156ins6), two nonsense
mutations (R233X, E369X), and 10 missense mutations
(D32G, H84Y, R150W, D235N, D273N, I322S, E355K,
Y374H, R433W, V486F).
All except one of the 23 Sanfilippo A patients under
investigation had the classical Sanfilippo phenotype. The

one milder patient had slight developmental delay but no
hyperactivity or sleep problem. Sulphamidase enzyme activity in leucocytes from the patients ranged from 0 to 5 pmol/
h/mg protein (reference range 52-458 pmol/h/mg protein).14
The average age at diagnosis was 5 years 6 months. A
modified version of the ammonium acetate salting out
method was used to extract genomic DNA from either
venous blood or fibroblast cell lines of the patients.15 16
Each of the eight exons and intron/exon boundaries of
the sulphamidase gene was amplified by PCR using
intronic primers (table 1). Exon 8 was amplified as two
overlapping fragments (exons 8a and 8b). An M13(-21)
forward primer sequence (5'-TGTAAAACGACGGCC
AGT-3') and an M13 reverse primer sequence (5'CAGGAAACAGCTATGACC-3') were tagged at the 5'
end of the sense and antisense primers, respectively. These
sites were used as universal primer binding sites in the
fluorescent DNA sequencing procedure.
A typical PCR reaction using 100 ng of genomic DNA
contained 25 pmol of each primer, 1 × NH4 reaction buVer
(Bioline), 4% (v/v) DMSO (dimethylsulphoxide), 0.2 mmol/l
dNTPs, and 0.5 µl (2.5 units) BioProTM DNA polymerase
(Bioline) (added after a hot start). Details of annealing temperatures and MgCl2 concentrations for each particular
amplification reaction are provided in table 1. Cycling conditions were typically 96°C for 10 minutes, followed by 35
cycles of one minute at 96°C, one minute at 60-64°C, one
minute at 72°C, and a final extension at 72°C for 10 minutes.
Following amplification, the PCR products were subjected to SSCP (single strand conformation polymorphism) analysis using MDETM gel (Mutation Detection
Enhancement) (FMC Bioproducts). The nine PCR
products were digested with a restriction enzyme before
SSCP analysis (table 1). To 5 µl of digestion mix, 2 µl of
loading dye (95% (v/v) formamide, 10 mmol/l NaOH,
0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene
cyanol) was added. Samples were denatured at 94°C for
four minutes before loading on a 0.5 × MDETM gel.
Electrophoresis was carried out in 0.5 × TBE at 15 W
overnight at 4°C or at 45 W for four hours at room
temperature. Bands were detected by silver staining.17
Fragments of interest were concentrated and separated
from excess primers and dNTPs by ultrafiltration through
MicroconTM-100 columns (Millipore) before sequencing.
Products were sequenced in both the forward and reverse
direction using the appropriate M13 dye labelled primer
kits (Perkin Elmer Applied Biosystems). Reactions were
performed as instructed and samples were analysed on an
ABI PrismTM 377 DNA Sequencer (Perkin Elmer Applied
Biosystems).
Sequence changes were confirmed either by digestion
with a restriction enzyme or by ACRS (amplification
created restriction site) PCR.18 Primer sequences, annealing
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Primers and PCR conditions used for the amplification of the sulphamidase gene

Fragment

Primer

Nucleotide
position

Sequence

1

SFA1(+)
SFA1(−)
SFA2(+)
SFA2(−)
SFA3(+)
SFA3(−)
SFA4(+)
SFA4(−)
SFA5(+)
SFA5(−)
SFA6(+)
SFA6(−)
SFA7(+)
SFA7(−)
SFA8a(+)
SFA8a(−)
SFA8b(+)
SFA8b(−)

3-19*
267-251
11-30†
336-319
79-95‡
348-330
426-442‡
727-711
27-43§
344-323
493-511§
718-701
40-56¶
425-406
1286-1304¶
1742-1721
1632-1651¶
2002-1984

M13 (-21)- GCGGGAGACCAGAGAGC
M13 rev-CAGCGGGGGATACAAGG
M13 (-21)- ACAGTCCCAGCCTCCCTACT
M13 rev-ATGGGAGACGTGGCAGAG
M13 (-21)- GGGCCATGGGAGAACAG
M13 rev- CGTGCCTTGGTACAAGGTG
M13 (-21)- CGAGAACCCACAGTGCG
M13 rev- GTGCTCTGGTACCGGCC
M13 (-21)- CCTTCCTGTGCCACGTG
M13 rev- TCTTTCTTCATCATCTAGGGCC
M13 (-21)- TGTTCTAAGCCTGGCTCCC
M13 rev- CTGCCACACTGGACCCTC
M13 (-21)- GGATGCAGCAGCAGGTG
M13 rev- AGGTAATGGGTGTGGAGCAG
M13 (-21)- TTGGATTGGAGAAGGGAGC
M13 rev- CCGGTAGTAGTAATGACGGAGG
M13 (-21)- CCCATCGACCAGGACTTCTA
M13 rev- GGATGTGTCTGGGACATGC

2
3
4
5
6
7
8a
8b

Product size MgCl2 conc
(bp)
(mmol/l)

Annealing
temp (°C)

Restriction enzyme
before SSCP (fragment
sizes (bp))

301

1.5

64

BstNI (118+183)

362

1.5

60

HaeII (142+220)

306

1.5

62

ApaLI (129+177)

338

1.5

64

BsaAI (138+200)

354

1.0

62

RsaI (139+215)

262

1.0

62

StyI (130+132)

422

1.5

64

RsaI (219+203)

493

1.5

66

HaeII (230+263)

407

1.0

62

SacI (143+264)

*†‡§¶Positions of primers are numbered according to Genbank database entry u60107, u60108, u60109, u60110, and u60111, respectively.7

temperatures, and MgCl2 concentrations for the ACRS
PCR reactions are provided in table 2. All other PCR
parameters were as described previously.
The eight exons of the sulphamidase gene from 23
patients with Sanfilippo syndrome type A were amplified as
nine fragments by PCR using intronic primers. Exon 8 is
559 bp in length and was amplified as two overlapping fragments of 493 bp and 407 bp. The PCR products were
digested with a restriction enzyme before SSCP analysis at
4°C. Fragments showing a shift were purified and
sequenced directly in both the forward and reverse direction
using fluorescent DNA sequencing technology (Perkin
Elmer Applied Biosystems). In six patient samples where no
or only one heterozygous shift was observed, restricted PCR
products were also subjected to SSCP analysis at room
temperature (RT). Two of the mutations identified only
showed a shift at RT. In four patients where no SSCP shifts
were observed at either 4°C or RT, the mutations were
identified by directly sequencing all nine PCR products. In
this study, 23 diVerent mutations were found, 13 of which
have not been reported previously (table 3). Of the 23
mutations found, 82.6% could be detected by SSCP under
the conditions used, comparable to the expected detection
rate of SSCP. The previously known mutations found in this
study include three deletions (1307del9, 1091delC, and
1284del11), one insertion (1039insC), and six missense
mutations (S66W, R74C, T79P, G122R, R245H, and
S298P). Three of the known mutations, R74C, R245H, and
1091delC, accounted for 8.7%, 13.1%, and 15.2% of the
mutant alleles, respectively, and together accounted for
37%. The 13 novel mutations comprised one insertion
(1156ins6), two nonsense mutations (R233X, E369X), and
10 missense mutations (D32G, H84Y, R150W, D235N,
D273N, I322S, E355K, Y374H, R433W, and V486F). A
second PCR fragment was generated to confirm the
presence of the mutation in the patient sample. Restriction
digests were performed for 18 of the mutations (table 3) and
for the remaining five sequence changes region specific
primers were designed that would lead to the creation or
Table 2

loss of restriction sites at those known mutation sites, a
technique known as ACRS PCR (table 3). Table 2 details
the amplification conditions for the reactions and subsequent restriction enzyme analysis.
Both putative mutations were found in all 23 Sanfilippo A
patients (table 4). Nine of the patients were homozygous for
the sequence change and the remaining 14 were compound
heterozygotes. The patients were also screened for the
R456H polymorphism9 by BstUI enzyme digestion and the
frequency of the “A” allele (CAC encoding histidine) was
41.3%. Six of the 23 mutations, 1091delC, R74C, R245H,
V486F, S66W, and 1156ins6, were found in more than one
unrelated family. For patients 1, 3, 5, 8, and 23 (table 4),
parent samples were available and all were shown to be carriers of one of the mutant alleles found in their aVected child.
In this study, 10 novel missense mutations were found
but their pathogenic eVect on enzyme function has yet to
be investigated. However, 100 control chromosomes were
screened for all of these changes. SSCP analysis was used
to screen for four of the changes (H84Y, R150W, D273N,
and I322S). Digestion with the restriction enzymes
Bsp1286I, BsrI, and BsaHI was used to detect E355K,
R433W, and V486F, respectively. ACRS PCR and HincII,
TaqI, or Sau96I digestion were used to screen for D32G,
D235N, and Y374H, respectively. None of the missense
mutations was found in any of the 100 control chromosomes. A rare polymorphism which has not been previously
reported was found in heterozygous form in exon 4 of one
control, A137A (GCG→GCA: 423G>A).
Mutational analysis on 23 patients from the UK with
Sanfilippo syndrome type A has resulted in the identification of both putative mutations in all of the patients.
Twenty three diVerent mutations, including 13 which have
not been reported previously, were detected.
One of the novel mutations is an insertion of 6 bp
(AGCGCC) in exon 8. The insertion is a duplication of six
nucleotides upstream of the insertion site and the presence
of direct repeat elements (GCAC) in the vicinity of the
mutation suggests that it has arisen because of slippage

Primers and PCR conditions used for the ACRS PCR reactions

Mutation

Sense primer (nucleotide position)

Antisense
Product size
primer (table 1) (bp)

Annealing
temp (°C)

MgCl2 conc
(mmol/l)

Restriction enzyme
(fragment sizes (bp))

D32G
G122R
D235N
D273N
Y374H

5'ACTCTCTGTCTCCCACCTCACGCAGCGGTT3' (67-96*)
5'GCCAGGCCTCTCTTCCCGCCCAGGCATCCT3' (503-532†)
5'TTCGTCCCCAACACCCCGGCAGCCCGAGTC3' (536-565‡)
5'CCTGAACGACACACTGGTGATCTTCACGAC3' (170-199§)
5'CAGCCAGAGCCACCACGAGGTCACCATGGC3' (1532-1561§)

SFA2(−)
SFA4(−)
SFA6(−)
SFA7(−)
SFA8a(−)

64
62
64
64
64

1.5
1.0
1.5
1.5
1.5

−HincII (288)
+DdeI (29+133+81)
−TaqI (201)
−BsiEI (274)
+Sau96I
(28+111+48+42)

288
243
201
274
229

*†‡§Positions of primers are numbered according to Genbank database entry u60108, u60109, u60110, and u60111, respectively.7

www.jmedgenet.com

J Med Genet: first published as 10.1136/jmg.37.9.725 on 1 September 2000. Downloaded from http://jmg.bmj.com/ on September 21, 2019 at MIT Libraries. Protected by copyright.

Table 1

705

Letters

706
Mutations found in the sulphamidase gene from patients with MPS IIIA in this study

Exon (fragment)

Mutation*

Nucleotide alteration*

Protein alteration

SSCP shift

2 (2)
2 (2)
2 (2)
2 (2)
3 (3)
4 (4)
4 (4)
6 (6)
6 (6)
6 (6)
7 (7)
7 (7)
8 (8a)
8 (8a)
8 (8a)
8 (8a)
8 (8a)
8 (8a)
8 (8a)
8 (8b)
8 (8b)
8 (8b)
8 (8b)

D32G†
S66W
R74C
T79P
H84Y†
G122R
R150W†
R233X†
D235N†
R245H
D273N†
S298P
I322S†
1039insC
E355K†
1091delC
E369X†
Y374H†
1156ins6†
1284del11
1307del9
R433W†
V486F†

GAC→GGC 107A>G
TCG→TGG 209C>G
CGC→TGC 232C>T
ACT→CCT 247A>C
CAT→TAT 262C>T
GGG→AGG 376G>A
CGG→TGG 460C>T
CGA→TGA 709C>T
GAC→AAC 715G>A
CGC→CAC 746G>A
GAC→AAC 829G>A
TCC→CCC 904T>C
ATC→AGC 977T>G
1 bp ins
GAG→AAG 1075G>A
1 bp del
GAG→TAG 1117G>T
TAC→CAC 1132T>C
6 bp ins AGCGCC
11 bp del
9 bp del
CGG→TGG 1309C>T
GTC→TTC 1468G>T

Asp→Gly
Ser→Trp
Arg→Cys
Thr→Pro
His→Tyr
Gly→Arg
Arg→Trp
Arg→Stop
Asp→Asn
Arg→His
Asp→Asn
Ser→Pro
Ile→Ser
158 altered aa, term
Glu→Lys
51 altered aa, term
Glu→Stop
Tyr→His
ins Gln Arg
1 altered aa, term
del 3 aa
Arg→Trp
Val→Phe

−
−
+ 4°C
+ 4°C
+ 4°C
+ 4°C
+ 4°C
+ 4°C
+ RT
+ 4°C
+ 4°C
+ 4°C
+ 4°C
+ 4°C
+ 4°C
+ 4°C
+ 4°C
−
+ 4°C
+ 4°C
+ 4°C
+ RT
−

RE test

ACRS test (table 2)
−HincII

+BstNI
−BstUI
+BstNI
−Fnu4HI
+DdeI
−AciI
−AvaI
−TaqI
−EagI
−BsiEI
+MaeIII
+AluI
−BstXI
−Bsp1286I
+BstXI
+BfaI
+Sau96I
+HaeII
−RsaI
−BstUI
+BsrI
−BsaHI

*Number of codons and nucleotides according to ref 6.
†Novel mutations.

during DNA replication.19 20 However, the 6 bp insertion is
not an identical copy of the previous six nucleotides
because the fourth base has been changed from A to G
(normal = AGCACC, mutant = AGCGCC). The
insertion does not lead to a frameshift but results in the
introduction of two additional amino acids into the protein
chain (glutamine and arginine). This is likely to have a detrimental eVect on the functioning of the protein and the
absence of the insertion in 100 control chromosomes supports the likelihood that it is disease causing. Three unrelated British patients were found to be heterozygous for the
insertion and since it has not been reported previously, it
may have a founder eVect in the UK population.
The two novel nonsense mutations that were found,
R233X and E369X, will both be disease causing because of
the production of a truncated product. All of the 10 novel
missense mutations result in non-conservative amino acid
substitutions and their absence in 100 control chromosomes further supports their suspected pathogenicity.
Comparison of sulphamidase to O- and N-sulphatases has
highlighted two highly conserved regions, residues 70-80
containing the CTPSR active site motif and residues
115-124.6 None of the 10 novel missense mutations in this
study is situated within these regions, although H84Y is
Table 4
study

Genotype and national origin of the MPS IIIA patients in this

Patient

Allele 1

Allele 2

R456H poly
CGC→CAC

National origin

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

1091delC
R74C
R433W
H84Y
G122R
R74C
V486F
I322S
R245H
E369X
R245H
R233X
1091delC
1307del9
1091delC
S66W
V486F
D273N
R245H
R150W
1284del11
R74C
1091delC

E355K
S298P
R245H
H84Y
G122R
R74C
V486F
I322S
S66W
T79P
R245H
1156ins6
D235N
D32G
1091delC
1091delC
V486F
Y374H
1156ins6
1039insC
1156ins6
R245H
1091delC

G/A
G/A
G/A
G/G
G/G
G/G
A/A
A/A
G/A
G/G
A/A
G/A
G/A
G/G
G/G
G/G
A/A
G/G
A/A
G/A
G/A
G/A
G/G

UK
UK
UK
Pakistan
Pakistan
UK
Czech Rep
Pakistan
UK
UK
UK
UK
Spain
UK
Malta
UK
Greece
Turkey/UK
UK
UK
UK
UK
UK

four amino acids downstream of the conserved CTPSR
region and may have an eVect on the active site
environment. Five glycosylation sites have been proposed
in the sulphamidase enzyme6 and although none of the
missense mutations directly aVects the NXS/T motif,
R150W is immediately upstream of the third proposed
glycosylation sequence and the basic to hydrophobic
amino acid change may have a detrimental eVect on the
local conformation. For many of the novel mutations there
is a significant change in the charge of the amino acid side
chain and this is likely to aVect the conformation, stability,
or catalytic function of the sulphamidase enzyme.
Interestingly, three of the novel mutations in this study
have occurred at amino acid sites in the sulphamidase protein where other mutations have been reported. In our
study, R150W, D235N, and E369X occur at the same
codons as the previously reported mutations R150Q,
D235V, and E369K, respectively. Mutations at diVerent
nucleotides within the specific codon are responsible for
the variation in the mutant amino acid but these results
suggest that certain codons in the sulphamidase gene may
be mutational hotspots. CpG dinucleotides are known to
be mutational hotspots within many genes21 and six of the
13 novel mutations in our study, R150W, R233X, D235N,
D273N, E355K, and R433W, are at such sites.
All except one of the Sanfilippo patients in this study
showed the classical Sanfilippo phenotype and had very
low or no detectable sulphamidase enzyme activity in their
leucocytes. The one patient who did have a milder phenotype was homozygous for I322S. The amino acid change
from a neutral hydrophobic to a neutral polar residue may
allow the production of some residual enzyme but when
sulphamidase enzyme activity was measured in leucocytes
from this patient using the natural substrate [N-sulphonate35
S] heparin,14 no activity was detectable. In contrast, two
patients who were homozygous for the V486F novel mutation had very similar residual enzyme activities of 3 and 3.8
pmol/h/mg protein (reference range 52-458 pmol/h/mg
protein) but they both had the classical Sanfilippo phenotype associated with no detectable enzyme activity. Consequently, it is diYcult to provide evidence of a genotype/
phenotype correlation in Sanfilippo syndrome type A.
Further expression work on the I322S, V486F, and the
other novel missense mutations is required to confirm their
pathogenicity and to investigate their eVect on enzyme
function. In MPS I where there are three phenotypes,
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Genotype-phenotype relationship of
Niemann-Pick disease type C: a
possible correlation between clinical
onset and levels of NPC1 protein in
isolated skin fibroblasts
EDITOR—Niemann-Pick disease type C (NP-C, MIM
257220) is a fatal autosomal recessive disorder characterised
by progressive neurological deterioration and hepatosplenomegaly. NP-C patients can be classified into four major
groups according to the onset of neurological symptoms,
that is, early infantile, late infantile, juvenile, and adult forms,

and the earlier the clinical onset the more quickly progressive are the symptoms and the shorter is the life span.1–4
Complementation analysis using cultured skin fibroblasts
indicated the presence of at least two subgroups of NP-C,
NPC1 (the major subgroup that comprises >90% of NP-C
patients) and NPC2 (the minor subgroup).2–4 In 1997, the
NPC1 gene (NPC1) (accession No AF002020) that is
responsible for the NPC1 subgroup was identified by positional cloning.5 6 The number of NPC1 mutations known to
date is not far oV 100,7–11 taking into account the accumulated data from seven groups presented in a recent
international workshop (International Workshop, The
Niemann-Pick C Lesion and the Role of Intracellular Lipid
Sorting in Human Disease, Bethesda, USA, October 1999).
Because the genomic structure of NPC1 was unknown,
initial mutation screening was performed on RT-PCR
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Hurler (severe), Hurler-Scheie (intermediate), and Scheie
(mild), polymorphisms in the á-L-iduronidase gene are
thought to modify expression and aVect enzyme
function.22 In Sanfilippo syndrome type A, despite the
high frequency of the R456H polymorphism (41.3% in
our study), there is no evidence yet that it modifies the
sulphamidase enzyme. However, expression of this
polymorphism in isolation and in combination with
known pathogenic mutations is necessary to investigate
the possibility of such an eVect.
Six mutations identified in this study, S66W, R74C,
R245H, 1091delC, 1156ins6, and V486F, were found in
more than one unrelated family. The 6 bp insertion has not
been reported previously and appears to be unique to the
British Sanfilippo A population. The novel V486F
mutation was found in homozygous form in a Greek and a
Czech patient and although these patients were unrelated,
haplotype analysis for three common polymorphisms
(R456H, IVS5+17, and IVS2-26) showed that the mutant
alleles were identical, suggestive of a common ancestor.
The remaining four mutations, R74C, R245H, S66W, and
1091delC, are known to be prevalent in Polish, Dutch,
Italian, and Spanish populations, respectively.8 11–13 In our
study, although the majority of patients with these four
mutations were British, the haplotype of the mutant alleles
corresponds to that associated with the mutations and
suggests that they are all ancient mutations. The most
common mutation in the 15 British patients was R245H
with a frequency of 20% (6/30 alleles). Two patients
heterozygous and homozygous for the 1091delC mutation
originated from Spain and Malta, respectively, confirming
the prevalence of the mutation in this population.
Altogether, the six mutations accounted for 56.5% of the
mutant alleles in this study and this information in combination with knowledge of the ethnic background of patients
will be important for future mutational analysis on newly
diagnosed Sanfilippo A patients in the UK. However, 17 of
the mutations found in this study were unique to a particular family, further highlighting the extensive heterogeneity
of Sanfilippo syndrome type A at the genetic level.
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ex1
ex2
ex3
ex4
ex5
ex6a
ex6b
ex7
ex8a
ex8b
ex8c
ex9a
ex9b
ex10
ex11
ex12
ex13
ex14
ex15
ex16
ex17
ex18
ex19
ex20
ex21
ex22
ex23
ex24
ex25

Primers for PCR amplification of the NPC1 gene exons
Name

Sequence

Localisation*

PCR products (bp)

1FW
57RV
58FW
180RV
181FW
287RV
288FW
463RV
464FW
631RV
632FW
808RV
724FW
881RV
882FW
955RV
956FW
1049RV
986FW
1297RV
1235FW
1326RV
1327FW
1390RV
1498FW
1553RV
1554FW
1654RV
1655FW
1787RV
1758FW
1947RV
1948FW
2130RV
2131FW
2245RV
2246FW
2373RV
2374FW
2514RV
2515FW
2604RV
2605FW
2795RV
2796FW
2911RV
2912FW
3041RV
3042FW
3245RV
3246FW
3477RV
3478FW
3591RV
3592FW
3754RV
3755FW
3870RV

5'-CTG AAA CAG CCC GGG GAA GTA G-3'
5'-GCC TGA GCC GTC GCT GGG CC-3'
5'-ACC ATT GAG ACC CTG GTA AC-3'
5'-CAT TTT GTG TTC CCA GTG CC-3'
5'-GAC CTT ACT CTA ACT GTT GCC-3'
5'-CAC AAG TAT CTA CAG CCC AG-3'
5'-CTT GCT GGC CCT ATT ATG TGT G-3'
5'-CAA TTT GCT CTG CTG TCC TG-3'
5'-CCT CGT GAA TTA CAG CAA GC-3'
5'-GCA ATT CTC TTG CCT CAG TC-3'
5'-ATT CCA TAG GAC GAA GCA GC-3'
5'-CAT ACA TGG CGT CCA AGC CAA G-3'
5'-GAC TGC TCT ATT GTC TGT GGC-3'
5'-CCA TGC AAT GGT ATT CAT GGA GG-3'
5'-GAA GGC AGT AAT TAG GGA GG-3'
5'-TGC AAC CCA CTG AGG AAA CG-3'
5'-GTT CCG ACT TTC AGG AAC GGC-3'
5'-GGG TTT CGG ACG CAG AAA GAC-3'
5'-CAG CAT TTG AGG GCT GCT TGA G-3'
5'-GTC CAA AGG GTA CAT CAG CTC C-3'
5'-CCC CTC TCA CTG ACA AAC AC-3'
5'-AGC CCC AAA TCC CCA TCT AGC-3'
5'-ATT CTC TCC CTC ATC TTA GG-3'
5'-CTT TCT TGT GGT CCA GCA CG-3'
5'-CTT CAA GAC ATC TGC TTG GC-3'
5'-GTA AAC TTC ACA GGG CAA GG-3'
5'-AGG GCC CAT GTT GTC CTT AG-3'
5'-TGA TGC TAA TGA CAA AAC CGA G-3'
5'-GAG ATA CAG TCC ATA GCT CC-3'
5'-AAG TGC TTG CCG CAA GTG TC-3'
5'-AAG TTT CTT ACT TAG CTG TCA G-3'
5'-GAC GTT ACA CTG TGC ACT GC-3'
5'-AAG TGG GAC AGA CAA CCC TG-3'
5'-GGA GCC ATT CAC AGT CCC TG-3'
5'-CAA GGC AGC AAG AAA TGG CG-3'
5'-CAT GTT CAG GTA GCC AGC TC-3'
5'-GAA CAT AAG ACC TGC AGA GAG C-3'
5'-CCG CTA GCT GCT TCC TCT AG-3'
5'-CTA GAG GAA GCA GCT AGC GG-3'
5'-TCC TTC CCA GGC TGT CTG GC-3'
5'-TGT ACT CCC TAT TAG CCT GTC-3'
5'-CTT GCT TGA AAC ACC TAC GTG C-3'
5'-CTT ATT CTC CGT GAT CCT CGC-3'
5'-CAG TGA GAC ATT TCA GGC CTG-3'
5'-AGA CTT CCT CCC TGT GGA GC-3'
5'-GGT ATA AAC TGA GGC ACG ATG C-3'
5'-GTA ATG CCC CTC ACT GTC AG-3'
5'-GTC TTA GCC CAG TCC TCT CC-3'
5'-AAT GTA CAG CTG GGT CTG ACC-3'
5'-CAG TGT AGG CCC TTT GCT GG-3'
5'-TGT TCG GGA GTG AGA GCG AGC-3'
5'-ATG GAA TCT AAG ACA GCC AAT CC-3'
5'-AGC ACC CAT CCT CAG AAC GG-3'
5'-CTC TTC AGT CAC TGA GGA GG-3'
5'-CAA TTA CAG GTT GGT AAA AGT GG-3'
5'-ATG TCC TTC CAT TGT GCC ACC-3'
5'-TGA GCC ACT ATG CCC AGC CAA C-3'
5'-GAC ACA GTT CAG TCA GGA TG-3'

−87
+88
−47
+37
−53
+43
−56
+60
−57
+112
−173
nt 808
nt 724
+128
−130
+80
−66
nt 1049
nt 986
nt 1297
nt 1235
+94
−137
nt 1390
nt 1498
+130
−119
+65
−115
+70
−62
+63
−56
+64
−70
+76
−69
+66
−51
+87
−137
+90
−80
+84
−49
+92
−94
+82
−124
+50
−50
+75
−81
+69
−50
+43
−81
nt 3870

232
207
230
292
337
350
286
284
159
312
186
309
294
285
288
315
303
261
263
279
316
355
257
306
378
357
265
255
188

*The location of primers refers to intronic position from exon, and those shown by nt refer to cDNA sequences (AF002020), 1st ATG as nt 1.

products or partial genomic amplicons. In our previous
study using RT-PCR products, we identified 14 diVerent
mutations in 19 alleles from 11 patients, and failed to detect
mutations in the remaining three alleles.8 Mutation screening using RT-PCR products has several drawbacks compared with screening using genomic amplicons. For
example, mutations that reduce the mRNA stability may
escape the screening.12 13 To refine the screening method, we
screened a CITB human BAC library (Research Genetics,
Huntsville, AL) and isolated a clone 386K10 that contained
all the 25 exons of NPC1 and a 2 kb fragment of 5'UTR. Our
analysis using 386K10 confirmed the exon/intron boundary
sequences reported by Morris et al14 and complements their
data by showing the lengths of introns 1 (20 kb) and 6 (3 kb).
Thus, NPC1 spans over 70 kb in the genome.
Sets of primers to amplify each of the 25 exons of NPC1
were designed according to the corresponding intron
sequences (table 1). To include cis acting elements that
participate in pre-mRNA splicing, the 3' nucleotide of nearly
all the primers was placed >20 bp away from the splice junctions. For SSCP, exons 6, 8, and 9 were divided into two to
three fragments by primers based on each exon sequence and

named exon 6a and 6b and so on (table 1). The clinical features of the 15 Japanese and two white NPC1 subjects are
summarised in table 2. All the patients were diagnosed by
cholesterol accumulation in their skin fibroblasts.15 Informed
consent for gene research was obtained from all the families.
Two NPC1 cell lines (GM03123 and GM110) were
obtained from the Human Genetic Mutant Cell Depository,
Coriell Institute for Medical Research (Camden, NJ).
Fibroblasts from one healthy volunteer and three NPC2
patients were used as controls.
By SSCP analysis of genomic amplicons, we surveyed
the 34 alleles from the 17 patients (including the 11
subjects in our previous study8), confirmed the 14
mutations that had been identified by RT-PCR SSCP, and
identified one recurrent and seven novel mutations (table
3). None of the recurrent or the seven new mutations were
found in over 100 normal samples, and they were thus
considered to be disease causing. Mutation S954L identified in 431-1 is a recurrent mutation that has been reported
by Greer et al7 and also by Bauer et al (International
Workshop, The Niemann-Pick C Lesion and the Role of
Intracellular Lipid Sorting in Human Disease, Bethesda,
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Letters
Clinical features of NP-C patients

Clinical type

Cell strain

Ethnic group
origin

Sex

Onset of
neurological signs Neurological signs

Hepato- splenomegaly

Outcome

Late infantile

OHS
KUR
INO
TAN
UCH
AMA
YON
SHI
MUR
YAN
SAK
431-1
GM03123
GM110
SAS
END
KAI

JPN
JPN
JPN
JPN
JPN
JPN
JPN
JPN
JPN
JPN
JPN
JPN
White
White
JPN
JPN
JPN

M
F
M
M
F
F
F
F
M
F
?
?
F
M
F
M
M

1.5 y
2.5 y
2.5 y
2.5 y
2.5 y
3y
2.5 y
2.5 y
5y
5y
?
?
?
5y
13 y
15 y
25 y

HSM
HSM
HSM
Mild SM
HSM
HSM
HSM
SM
HSM
No
?
?
?
?
Mild SM
Mild SM
SM

1.5 y (alive)
?
4.5 y (dead)
?
5 y (dead)
4 y (alive)
12 y (alive)
4 y (alive)
15 y (dead)
19 y (alive)
?
?
9 y (alive)
10 y (alive)
17 y (alive)
17 y (alive)
42 y (dead)

Juvenile
Adult

Epilepsy, psychomotor delay
Epilepsy, deterioration
Epilepsy, deterioration
Epilepsy, ataxia, deterioration
Ataxia, deterioration
Epilepsy, psychomotor delay
Epilepsy, ataxia, deterioration
Epilepsy, deterioration
Epilepsy, deterioration
Epilepsy, ataxia, deterioration
?
?
?
Epilepsy, deterioration
Epilepsy, ataxia, deterioration
Dystonia, ataxia, VSO
Dementia, ataxia, dystonia, epilepsy, VSO

JPN: Japanese, HSM: hepatosplenomegaly, SM: splenomegaly, VSO: vertical supranuclear ophthalmoplegia.

Table 3

Mutations of NPC1 gene in Niemann-Pick C families

Clinical type

Cell strain

Genomic mutation

cDNA change

Amino acid change

Late infantile

OHS
KUR
INO
TAN

Exon 19
Exon 9
Exon 9
Exon 9
Exon 24
UCH
Exon 9
AMA
Exon 4
Exon 5
YON
Exon 20
Exon 24
SHI
Exon 13
Exon 16
MUR
Exon 5
Exon 9
YAN
Exon 24
SAK
Exon 19
Exon 24
431-1
Exon 24
Exon 19
GM03123 Exon 6
Exon 21
GM110
Exon 21
Exon 14

Missense transition
Missense transition & splicing error
Missense transition & splicing error
Missense transition & splicing error
Missense transversion
Missense transversion
2 bp del
Missense transversion
Missense transversion
1 bp del
Missense transition
Missense transversion
Nonsense transversion
Missense transition
Missense transition
Missense transition
1 bp del
1 bp del
Missense transition
Missense transition
Missense transition
Missense transition
6 bp del

C956Y
Cmpd hetero?
R518Q
Homo
R518Q
Homo
R518Q
Cmpd hetero
T1205R
H510P
Homo
aa 119 frameshift-aa126/stop
Cmpd hetero
C177G
M996R
Cmpd hetero
aa 1205 frameshift-aa1241/stop
F703S
Cmpd hetero
S813X
S210X
Cmpd hetero
S473P
G1236E
Cmpd hetero?
C956Y
Cmpd hetero
aa 1205 frameshift-aa1241/stop
aa 1205 frameshift-aa1241/stop
Cmpd hetero
S954L
P237S
Cmpd hetero
I1061T
I1061T
Cmpd hetero
2 aa deletion (740F,741S)(in frame)

Juvenile

SAS
END

Adult

KAI

G2867A
G1553A
G1553A
G1553A
*C3614G
A1529C
350(or351)AG(orGA) del
T529G
*T2987G
*3615[-3618]A del
*T2108C
*C2438G
C629A
T1417C
*G3707A
G2867A
*3615[-3618]A del
*3615[-3618]A del
†C2861T
C709T
T3182C
T3182C
*2215(or2217)
TCCTTT(orCTTTTC) del
44(or45) TG(orGT) del
A3263G
G3639C
G2665A
IVS20 -2A del

2 bp del
Missense transition
Missense transversion
Missense transition
Splicing error (54 bp del)

aa 16 frameshift-aa56/stop
Cmpd hetero?
Y1088C
Cmpd hetero
L1213F
V889M
Cmpd hetero
18 aa deletion (1015-1032)(in frame)

Exon1
Exon 22
Exon 24
Exon 18
Intron 20

Genotype

*: new mutation, †: recurrent mutation, Cmpd hetero: compound heterozygous, Homo: homozygous, (): not confirmed, del: deletion.

USA, October 1999). Of the seven novel mutations, five
were found in new subjects whereas the remaining two
were found in one allele of TAN (C3614G) and of SAK
(3615 (−3618) A del), respectively. It is not known why
these two mutations escaped RT-PCR SSCP. Allelic mutations were not detected in three patients (OHS, SAS, and
YAN) (table 3). In summary, SSCP analyses of genomic
amplicons showed 21 disease causing mutations in 31 out
of 34 alleles from 17 patients. Additionally, six diVerent
variants were identified (table 4).
The 22 mutations included 15 missense mutations, two
nonsense mutations, two in frame deletions, and three
deletions that cause a frameshift and a premature stop codon.
In accordance with our identification of T3182C (I1061T
substitution) as a frequent mutant allele in patients of western
Table 4

Exon 1
Exon 8a
Intron 12
Exon 18
Exon 18
Exon 21

New polymorphisms of NPC1 gene
Nucleotide location

Influence on amino acids

A-22C
G1014T
IVS12+8∼+10GGG del
T2618C
C2775T
C3159T

Silent
Silent
Silent
Missense transition (V873A)
Silent
Silent

European descent,13 this mutation was found in the genome of
two white cell lines. None of the Japanese patients possessed
this mutant allele, clearly highlighting an ethnic diVerence in
the mutation frequency. Instead of T3182C, G1553A appears
to be a relatively frequent mutation in Japanese patients,
found in five alleles in three patients. This mutation is unique
for two reasons; one is that it is predicted to cause both an
amino acid substitution (R518Q) and an alternative exon
skipping8 and the other is that the skin fibroblasts from
patients homozygous for this mutation (KUR and INO)
retained considerable levels of NPC1 protein (see below).
With regard to the structure-function relationship of
NPC1, mutagenesis studies have shown several functionally
important domains of NPC1 protein including an NPC
domain and a sterol sensing domain (SSD).16 17 In addition,
Greer et al9 suggested the functional importance of the
cysteine rich extracellular loop between TM9 and TM10
based on the segregation of point mutations in this region.
The 14 missense mutations and the one in frame deletion
found in the present survey are widely distributed on NPC1
cDNA and appeared to be classified into five groups according to their location (fig 1A). Each group of mutations gives
some insight into the structure-function relationship of
NPC1. First, two mutations (F703S and del 740-741) in
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NPC1 specific
cysteine rich
domain

Group III

V889M

F703S 740–741del

C956Y

Group I

Group IV

M996R
Luminal

C177G P237S

2

1

3

4

5

6

7

8

9

10

11

12 13

14

15 16

Membrane
–COOH

NPC1
domain

1015–
1032 del

Sterol sensing
domain

l1061T

Cytosol

Y1088C

NH2–

T1205R

L1213F

G1236E

R518Q
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Figure 1 Distribution of mutations in NPC1. (A) Missense mutations and in frame deletions identified in this study are
depicted. Circles and triangles indicate missense mutations and in frame deletions, respectively. Black circles and triangles
are the mutations found in late infantile form patients and grey ones are from juvenile and adult form patients. Underlined
are mutations found in white cell lines. (B) Mutations in NPC1 specific cysteine rich domain. Black circles are cysteines
that may form disulphide bonds and grey ones are conserved amino acids. Squares are mutations reported by Greer et al.7 9
Underlined are mutations found in patients with moderate or mild phenotypes. The model for the organisation of NPC1 is
according to Greer et al.9 Still tentative, it may have to be slightly altered in the future.19

group II are located in the sterol sensing domain. Second,
four mutations in group VI are located in the cysteine rich
extracellular loop. Interestingly, C956Y is the mutation of the
cysteine residue itself that is supposed to be involved in the
secondary structure formation and the other two mutations
(V889M and M996R) were located in the conserved motif
sequences in this loop (fig 1B). Thus, the mutations in groups
III and IV appear to reinforce the functional significance of
SSD and the cysteine rich domain, respectively. By analogy,
one may infer the presence of functionally important
domains that correspond to groups I, II, and V mutations and
this should be the subject of a future study. No wild type
mutations were found in the NPC domain, although the
functional importance of this domain is obvious from mutagenesis studies.17

To investigate the impact of mutations on expression of
the translation product, we quantified the levels of NPC1
protein in membrane preparations from cultured fibroblasts
by anti-NPC1 immunoblotting18 (fig 2). The anti-NPC1
detected two bands on the blot of the control membrane
preparations, a major band at ∼170 kDa and a minor band
at ∼190 kDa. These two bands have been shown to
represent the same protein with diVerential glycosylation.16
In NPC1 cell lines, there appeared to be a distinct
diVerence in the NPC1 protein levels between the late
infantile and juvenile/adult forms. In the late infantile
forms, there was a clear reduction of the NPC1 protein
level regardless of the type of mutation, and five fibroblast
lines (MUR, OHS, SHI, GM3123, and GM110) expressed
undetectable levels of NPC1 protein. An exception was
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Figure 2 Western blot of membrane proteins extracted from skin fibroblasts of NP-C patients and normal controls (C).
Numbers 1 to 3 indicate NPC2 patients. Molecular weight (kDa) is given on the left. A rabbit polyclonal anti-NPC1
antibody was a kind gift from Dr S C Patel and was used at 1:100.

KUR and INO, both of whom have R518Q homozygous
mutations and levels of NPC1 protein in their fibroblasts
were close to those of controls.
Patients with a late clinical onset were distinct in that all of
their skin fibroblasts expressed considerable levels of mutant
NPC1 protein (fig 2). Two of the three patients (END and
KAI) with a late clinical onset were compound heterozygotes
for the groups IV and V mutations, whereas at least one
allelic mutation of the 14 patients with a late infantile form
belonged to group I, II, or III (fig 1A). In another study, skin
fibroblasts from a patient with an adult neurological onset
(homozygous for a V950M mutation)11 appeared to retain
normal expression of NPC1 protein (G Millat, M T Vanier,
C Tomasetto, unpublished data). These results led us to
form a tentative conclusion that the relatively mild form of
NPC1 is caused by mutations located on the C-terminal side
of the transcript that do not interfere with expression/
turnover of the translation product. Future studies with an
increased number of patients will verify this conclusion.
Finally, we also found that NPC2 fibroblasts expressed
normal, or rather increased levels of NPC1. Similar results
were achieved in a parallel study conducted with another
antibody (G Millat, M T Vanier, C Tomasetto, unpublished data). Because of the identical biochemical phenotype of NPC1 and NPC2, the NPC2 protein is assumed to
be located close to NPC1 both spatially and functionally.
At one extreme, there has been a hypothesis that the
biochemical phenotype of NPC2 is the result of the
secondary absence of NPC1.2–4 Our findings clearly
exclude this hypothesis but do not exclude that NPC2 is
required for the normal function of NPC1.
We thank Dr Shutish C Patel for providing us with a rabbit polyclonal
anti-NPC1 antibody.18 We also thank Drs Eto and Ida for referring patients.
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Crigler-Najjar syndrome type II
resulting from three diVerent
mutations in the bilirubin uridine
5'-diphosphate-glucuronosyltransferase
(UGT1A1) gene
EDITOR—Crigler-Najjar syndromes (CN, MIM 218800)
are inborn errors of metabolism characterised by unconjugated hyperbilirubinaemia resulting from the defective
activity of the hepatic enzyme bilirubin uridine 5'diphosphate-glucuronosyltransferase (B-UGT).
CN syndrome has been classified into two types according
to the degree of hyperbilirubinaemia and to the response to
phenobarbital administration. The more severe CN type I is
characterised by severe chronic non-haemolytic unconjugated hyperbilirubinaemia with high levels of serum bilirubin
owing to the absence of bilirubin UGT activity. In the
milder CN type II, bilirubin UGT activity is only decreased
and a consistently significant reduction is obtained with
phenobarbital treatment, which does not occur in CN I.
Like other members of the UGT isozyme family, the two
human liver bilirubin UGT isozymes, UGT1A1 and
UGT1D, are encoded by the UGT1 gene complex through
a mechanism of alternative splicing. Each gene has a
unique promoter and a unique exon 1, while exons 2-5 are
common to both genes.1 Most of the enzymatic activity
results from the expression of the UGT1A1 gene.2
At the molecular level, CN I results from a number of different defects; nonsense (or frameshift) and missense mutations are represented in almost the same amounts both in
homozygosity and in the compound heterozygous state.3 4
The milder phenotype in CN II patients seems to be mainly
the result of homozygosity for missense mutations5 and more
rarely of the genetic compound for nonsense (or frameshift)
and missense mutations or an interaction between missense
mutations and a homozygous TA insertion in the TATAA
promoter element, A(TA)7 TAA, instead of the normal
A(TA)6 TAA.6 The presence of the TA insertion in the
TATAA promoter element of the UGT1A1 gene reduces the
expression of bilirubin-UDP-glucuronosyltransferase.7 Homozygosity for the TA insertion has proved to be associated
with Gilbert’s syndrome.7
Here, we report a case of CN II, which appears to be the
result of the interaction of two diVerent mutations and
homozygosity for the promoter polymorphism (TA)7.
Blood samples were collected, after informed consent,
from a 13 year old male CN type II patient, from both his
parents, his older brother, and from 100 unrelated normal
subjects as controls. The patient was born after a 40 week
gestation to clinically normal, non-consanguineous parents. His weight at birth was 3450 g. Jaundice requiring
phototherapy appeared during the neonatal period. At 8
days of age, the total, direct, and indirect bilirubin levels
were 204, 20, and 184 µmol/l, respectively. During infancy
and childhood, the indirect bilirubin levels ranged between
170 and 284 µmol/l. The highest values were related to
episodes of stress and intercurrent acute illness.
Serum bilirubin levels (STB) were lowered to 30 µmol/l
(80% less than the steady state level) by administration of
phenobarbital (10 mg/kg/day) for 40 days. The proband
showed normal somatic and developmental milestones. He
had no complaints except for jaundice. The bilirubin levels
of the other family members were in the normal range and
are shown in table 1.

Table 1

Clinical and molecular data

TSB (µmol/l)
Mutation
TATAA box

Father

Mother

Proband

Brother

27,2
AG del
TA6/TA7

18,7
V224G
TA6/A7

308,1
AG del/V224G
TA7/TA7

20
AG del
TA6/TA7

By sequence analysis of both strands of the UGT1A1
gene, including the promoter region from nucleotide −227
and all the exons,8 the patient was found to be a genetic
compound for two novel mutations, a T→G transition at
codon 224 (V224G) and a 2 bp deletion (−AG) at codons
238-239-240. Both mutations reside in the specific exon 1
of UGT1A1. This finding is consistent with the notion that
UGT1A1 codes for the only relevant enzymatic isoform in
bilirubin glucuronidation.
The AG deletion is easily detectable by polyacrylamide
gel electrophoresis of a PCR product (fig 1A). For the
molecular screening of the V224G mutation we set up an
allele specific PCR using primers shown in fig 1B.
The proband inherited the GTG→GGG transition from
his mother and the deletion (−AG) at codons 239/240/241
from his father (table 1). Furthermore, he was found to be
homozygous for the sequence variation (TA)7 in the
promoter region. This means that the mutated UGT1A1
alleles in both parents are in cis to the (TA)7 variation.
His healthy brother proved to be heterozygous for both
the AG deletion and the (TA)7 variation.
Analysis of the UGT1D sequence showed a neutral polymorphism at codon 157 (TGC→TGT).
A

402 bp

1

3

2

4

5

B
982 bp
322 bp

1

2

3

4

Figure 1 (A) Polyacrylamide gel electrophoresis of a 402 bp amplified
DNA fragment containing the AG deletion at codons 239/240/241 of exon
1 of the UGT1A1 gene. Lanes 1, 3 4: father, proband, and brother,
respectively, showing the heteroduplexes owing to heterozygosity for the AG
deletion. Lane 2: mother, without the AG deletion. (B) Allele specific
amplification (ARMS) to detect the V224G mutation. DNA from normal
subjects (father and brother, lanes 1 and 4) does not give a 322 bp PCR
product when amplified with a mutant primer complementary to the
mutation (sense mutant primer: TGCCTTTTCACAGAACTTTCTGTG
CGAGGG; antisense primer: TCTCAGAATGCTTGCTCAG). Using the
same primers, DNA from the mother (lane 2) and proband (lane 3) shows
a 322 bp PCR product indicating the presence of the V224G mutation. A
982 bp PCR fragment is simultaneously amplified as a control.
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I705 variant in the low density
lipoprotein receptor gene has no eVect
on plasma cholesterol levels
EDITOR—Familial hypercholesterolaemia (FH) is an autosomal dominant inherited lipoprotein disorder characterised by raised plasma low density lipoprotein (LDL) levels,
xanthomas, premature coronary heart disease, and a family history of one or more of these. Homozygous FH occurs
in one in a million people and they are severely aVected,
while heterozygotes are moderately aVected and occur at a
frequency of 1 in 500 in genetically heterogeneous populations. FH is caused by a mutation in the LDL receptor gene
(LDLR) and over 700 have been reported1 (http://
www.ucl.ac.uk/fh). Among these, a missense mutation,
T705I in exon 15 (FH Paris-9), was originally reported in
a compound heterozygote (“homozygous” FH subject) of
French-American origin,2 but has now been observed in
several heterozygotes who also carry another mutation in
the coding region of the LDL receptor protein.3 4 The
presence of the I705 variant has also been reported in two
normocholesterolaemic subjects in the heterozygous and
homozygous form, which led to the suggestion that the
T705I change is a non-FH causing variation.5 The most
recent report of this variation was in a Spanish family
where the hypercholesterolaemia segregated with the I705

substitution and no other mutation was identified.6
Possible explanations for these contradictory findings have
been that the exon 15 variant is only pathogenic when
another environmental or genetic factor is present, or that
in some subjects the I705 variant is in linkage disequilibrium with a second, as yet unidentified causative mutation.
We have set up a clinical genetic diagnostic service for
FH7 8 and the I705 variant was identified in a subject with
a clinical diagnosis of possible FH who was referred for FH
genetic testing (data not shown). To investigate the pathogenicity of the amino acid substitution at codon 705, we
have determined the frequency of the I705 variant in 2287
healthy UK men and examined the eVect of this variant on
plasma lipid levels.
An assay was designed for the T705I substitution where
an NsiI restriction site was introduced into the rare C allele
(I) by a mismatch in the sense primer (underlined): sense
primer: 5'-CAG TGG CCA CCC AGG AGA CAT
GCA-3' and antisense primer: 5'-ATC TCC ACC GTG
GTG AGC CCA-3'. PCR conditions were as described
previously, the NsiI enzyme was added directly to the PCR
product, and the products (139 bp uncut = T705 and 115
bp + (non-detected) 14 bp cut) were separated on a 7.5%
MADGE9 and stained with ethidium bromide. The I705
carriers were then analysed for the 1061-8C variation in
intron 7 by a natural EarI restriction digest, after
amplification of exon 8 (197 bp) with primers FH119 (FH
website) and FH27 (FH website) and reaction conditions
as previously described.8 A restriction site was lost in the
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One hundred normal subjects from the same area were
analysed but none was found to carry the V224G
mutation. The fact that we did not find normal subjects
with the V224G substitution could suggest that it is a disease causing mutation. A comparative analysis of the
sequence of the B-UGT protein in man, mouse, and rat
indicate that the valine residue is highly conserved.
Furthermore, from an analysis of the GOR secondary
structure prediction,9 it seems that Val-Gly substitution
could lead to loss of the beta sheet structure. For these
reasons, it can be postulated that V224G can aVect the
function of bilirubin-UDP-glucuronosyltransferase 1 by
reducing its activity, thus causing a decrease in bilirubin
glucuronidation.
The deletional event that was found in the paternal allele
causes the premature appearance of a stop signal after
15-17 codons. This mutation does not exert any dominant
negative eVect, probably because of the very short
truncated encoded protein. Moreover, as for other
mutations, it is silent at the heterozygous level as shown by
the normal STB of the mother.
The brother, in spite of inheriting the chromosome
carrying both the AG deletion and the in cis (TA)7
variation, was normal. We can hypothesise that the
presence of the (TA)7 polymorphism in cis to the missense
mutation could reduce its negative eVect.
The number of cases studied so far are very heterogeneous both at the clinical and at the molecular level making
genotype-phenotype analysis very diYcult. In our case, the
CN II phenotype is the result of the additive eVect of the
interaction of a deletional event and the missense mutation
V224G in association with the (TA)7 promoter polymorphism.
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T705I group

TT

TI

p value

Age (y)

56.1 (0.15)
(n=2256)
26.4 (0.15)
(n=2255)
5.75 (1.02)
(n=2241)
1.81* (1.77–1.85)
(n=2242)

55.0 (1.30)
(n=30)
26.8 (1.20)
(n=30)
5.66 (1.08)
(n=30)
1.62* (1.35–1.96)
(n=30)

0.09

2

BMI (kg/m )
Total cholesterol (mmol/l)
Triglycerides (mmol/l) (95% CI)

0.56
0.60
0.27

*Geometric means and 95% confidence limits as triglycerides were log transformed for the analysis.
A one way analysis of variance was used to compare the lipid levels between the I705 carriers and
non-carriers. The data were analysed using STATA (Intercooled Stata 5.0).

rare C allele but a control constant cut site exists for confirmation of digestion. Fragments were analysed on a 10%
acrylamide gel as above giving fragments of 183 bp (10618C) and 153 bp + 30 bp (non-detected) (1061-8T).
The sample studied consisted of 2287 white men from
the Northwick Park Heart Study (NPHS-II).10 Exclusion
criteria included non-whites, a history of unstable angina
or myocardial infarction, regular medication with aspirin or
anticoagulants, cerebrovascular disease, malignancy (except skin cancer other than melanoma), diseases exposing
staV to risk of infection, mental disorder or other
conditions precluding informed consent, or regular
attendance for examination.10 Plasma cholesterol and triglycerides were measured as previously reported10 and
genomic DNA was isolated by standard methods.11
As shown in table 1, 30 carriers were found, and thus the
carrier frequency of the I705 variant was 1.3%. In a study
from The Netherlands, 100 normolipidaemic controls
were screened by DGGE and sequencing and the I705
variant was found in two subjects, one heterozygous carrier
and one homozygote.3 Therefore, the carrier frequency of
the I705 allele was 2% which is very similar to the estimate
in the larger group of UK men. All but two I705 carriers
from the NPHS-II group carried the 1061-8C variation in
intron 7, which has been associated with this exon 15
variation.4 The 1061-8C variant was screened in 200 men
from the NPSH-II group and the variant was only detected
in the I705 carriers, so the carrier frequency was estimated
to be ∼1.3% in the general population. No statistically significant diVerences were observed between the mean total
cholesterol and triglyceride levels of the I705 carriers and
the non-carriers.
These data strongly suggest that the I705 variant is not
having a major eVect on LDL receptor function. It is the
second “non-functional” variant described to date, with
only the A370T being previously known. T370 occurs at a
frequency of 6% in the UK12 and is associated with, at
most, only a modest eVect on plasma lipid levels.13 Cell
studies have not detected a significant impairment of LDL
receptor function of the T370 substitution.13
In the original report of this mutation, the T705I substitution in the coding region of LDLR was thought to be one
of the defective alleles in a compound heterozygote, while
the second mutation remained undetected.2 It is reasonable to assume from the Dutch and our data that neither
defect in this homozygote had been identified. The second
case occurred in a 40 year old man who had a very high
total cholesterol of 17.78 mmol/l.3 5 A splice site mutation
(313+1G>A) was inherited from his hypercholesterolaemic mother, while the I705 variant came from his normolipidaemic father. A proposed explanation for these observations is that the I705 variant is only expressed when
another LDLR defect is present, but two of the proband’s
younger sibs also had slightly raised cholesterol yet did not
share an LDLR haplotype with their normocholesterolae-

mic sib, that is, they did not carry either of the LDLR variants. Thus, another variation in LDLR or in another gene
may be responsible for the hypercholesterolaemia in these
two sibs and would also explain the high cholesterol level in
the proband. In the most recent report,6 the I705 substitution tracked with the hypercholesterolaemia phenotype,
but again this could be explained by the presence of an
unidentified mutation which may or may not be in linkage
disequilibrium with the I705 variation. The intron 7
T1061-8C sequence change would be a candidate for such
a mutation, since the rare alleles have been shown
previously to occur together4 and strong allelic association
has been confirmed in this sample of men. However, since
carriers of the 1061-8C allele do not have raised plasma
cholesterol levels it appears unlikely that this sequence
change is of functional importance.
Exon 15 consists of 171 nucleotides which encode 57
amino acids, of which 18 are threonine or serine
residues,14 15 and most of the O linked sugars of the LDL
receptor are attached to these threonine and serine
residues.15 A similar region is also conserved in the LDL
receptors of other mammals.15 The functional role of this
domain was investigated by Davis et al15 using site directed
mutagenesis, where a portion of exon 15 was deleted and
then expressed by transfection into fibroblast cell lines. The
mutated cDNA coded for a receptor protein which was
functionally indistinguishable from the normal receptor.15
Subjects carrying a similar natural deletion of exon 15 (FH
Espoo) have LDL levels which are relatively low and a mild
form of FH.16 Thus, a major rearrangement is actually a
mild mutation, suggesting that mutations in this region may
only have a mild eVect on receptor function and therefore
on lipid levels. Only six point mutations or single base deletions have been described in exon 15 (http://www.ucl.ac.uk/
fh), two point mutations resulting in a stop codon, a minor
deletion predicted to result in frameshift, and a splice donor
site mutation, and all of these are highly likely to be pathogenic. In addition to the T705I substitution, two missense
mutations have been reported, T721I17 and R723Q.18 19
LDL binding studies showed that the Q723 mutation had
70% of normal activity and is therefore a mild LDLR mutation. No details are known about the I721 mutation. It may
be functional in that an O linked sugar may attach at this site
but it may be non-pathogenic as with T705, which involves
the same amino acid substitution.
Thus, from the available data on the reported exon 15
mutations, missense mutations, and FH Espoo, they
appear to have a mild eVect on the LDL receptor protein.
Ideally, cellular studies should be carried out on all novel
mutations but this is often not feasible. However, at the
very least 100 normal subjects from the particular ethnic
group should be screened for any novel mutation to determine frequency, and if any carriers are detected association
studies should be performed. In particular, care should be
taken in reporting missense mutations identified in exon 15
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Table 1 Characteristics (mean) (SD) of I705 carriers and non-carriers in 2287 healthy
white men from NPHS-II
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Absence of germline mutations in
MINPP1, a phosphatase encoding gene
centromeric of PTEN, in patients with
Cowden and Bannayan-RileyRuvalcaba syndrome without germline
PTEN mutations
EDITOR—Germline mutations in the dual specificity phosphatase gene PTEN (also known as MMAC1 or TEP1)
have been associated with susceptibility to two related
hamartomatous disorders, Cowden syndrome (CS, MIM
158350) and Bannayan-Riley-Ruvalcaba syndrome (BRR,
MIM 153480).1 2 It has recently been established that
PTEN functions as a 3-phosphatase towards phospholipid
substrates in the phosphatidylinositol 3-kinase (PI-3
kinase) pathway.3 Lack of PTEN results in the accumulation of phosphatidylinositol-(3,4,5)-P3, which is required
for activation of protein kinase B (PKB)/Akt, a downstream
target of PI3-kinase and a known cell survival factor.4–8
While up to 81% of CS and approximately 60% of BRR
cases have detectable PTEN germline mutations, no
mutations in the coding region or exon-intron boundaries of
PTEN have been found in the remaining aVected
subjects.2 9–13 Informative PTEN mutation negative families
have been shown to be linked to the 10q23 region, where
PTEN lies,2 14 although recently there has been a report of
two CS families in which linkage to 10q23 has been
excluded.9 This has raised the possibility that either a regu-

latory region of the PTEN gene not included in previous
studies, such as the promoter region, or another, closely
located gene might be responsible for the CS and BRR cases
in which no PTEN mutation has been found. The first alternative is unlikely to represent the majority of such cases, as
no evidence of PTEN transcriptional silencing has been
detected in the tissue of aVected CS subjects in which no
PTEN mutation was identified (Dahia and Eng, unpublished observations). Transcription levels of PTEN were
found to be similar in aVected and unaVected tissues of at
least three unrelated CS patients and were equivalent to
those of normal subjects. This suggests that methylation of
the promoter or mutation within the promoter aVecting
transcription of PTEN does not occur in at least a subset of
these PTEN mutation negative CS and BRR cases. To investigate the possibility that a closely mapped gene was the target of such mutations, we examined the coding region of a
recently identified gene mapping to 10q23, next to
D10S579, a marker estimated to lie no more than 1 Mb
centromeric of PTEN.15 The multiple inositol polyphosphate
phosphatase, known as MINPP1 or MIPP, has been cloned
and shown to encode a conserved domain common to histidine phosphatases.15 16 MINPP1 codes for an approximately
52 kDa enzyme with the ability to remove the 3-phosphate
from inositol phosphate substrates, such as Ins (1,3, 4,5)P4,
as well as other inositol moieties. It has been shown that
human MINPP1 has a wide tissue distribution pattern and
its subcellular localisation appears to be targeted to the
endoplasmic reticulum (ER).15 16 While little is known about
the human MINPP1 function, its most well studied
homologue, chick HiPER1, has a more restricted tissue distribution and appears to be critical to regulate the transition
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of LDLR as FH causing, as they appear to have a modest
eVect on LDL receptor function.
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Primer sequences and annealing temperature used in PCRs of the MINPP1 gene

MINPP1 exon

Forward sequence

Reverse sequence

1-A

MINPP1 5'UTRF
CTCCACTGACCGTCCCGA
MINPP1-145F
ACCAAGACTCGCTACGAGGA
MINPP1-535F
CTCATCACCAGTTCCAAGCA
MINPP1-I-2F:
CGGCTGTGCGGATTAGTAAG
MINPP1-I-3F:
TCCCCAAACTGAAGATGTCC
MINPP1-I-4F:
TCAGGGAATCTTGTTATATTTTTGAA
MINPP1-1093F
ATCCTCCAGTTTGGTCATGC
or
GTCTCAGCCAATTTCTTCTC

MINPP1-296R
ATCTGTTTGACCGTGGGGTA
MINPP1-556R
GTGCTTGGAACTGGTGATGA
MINPP1-I-1R:
AGGACCGGGACAGCACAC
MINPP1-I-2R:
TCCTTATGTTTTCATTTTCACAGTTC
MINPP1-I-3R:
AACCAAATGCAAACAAGCAA
MINPP1-I-4R:
TGGGTAGAGTGGAAGGTTCG
MINPP1-1464R
TCATAGTTCATCAGATGTACTGTT

1-B
1-C
2
3
4
6*

Annealing temperature
used for PCR
54
54
61
54
54
54
54

*In the chick MINPP1 homologue, HiPER1, an extra exon, dubbed exon 5, and not seen in humans, precedes the final exon, named therefore exon 6.

of growth plate chondrocytes from proliferation to
hypertrophy.17 It is presumed that human MINPP1 plays a
role in diVerentiation and apoptosis, although details on the
pathways involved in such signalling are as yet unknown.
Thus, owing to its chromosomal location and to the fact that,
like PTEN, it encodes a phosphatase with activity towards
lipid substrates, we sought to investigate whether mutations
in MINPP1 would account for cases of CS and BRR without
detectable PTEN mutations.
We obtained DNA from 36 subjects who met stringent
criteria for the diagnosis of CS (n=14) and BRR (n=22)
and in whom no PTEN mutation had been detected.12 13 In
at least one of the families, linkage data were compatible
with linkage of the CS phenotype with the 10q23 region.14
The rest of the cases were isolated or belonged to small
families where linkage analysis was impossible. Informed
consent was obtained from all subjects enrolled in this
study, according to institutional Human Subjects Protection Committee protocols. All samples were screened for
mutations in the coding region of MINPP1 and most
intron-exon boundaries of the gene by PCR based (primer
sequences and PCR conditions in table 1) direct sequence
analysis, as previously described.18 No MINPP1 mutations
were found in germline DNA from any of the subjects
examined in the present study. In particular, no mutations
were found at the highly conserved histidine phosphatase
motif, RHGxRxP, which defines members of the histidine
acid phosphatase family. In addition, a second highly
conserved site in this group of phosphatases comprising a
histidine residue located at position 370 was found to be
intact in all samples examined. This represents a proton
donor site at the carboxy-terminal region of the protein
which appears to be critical for full catalytic activity of this
group of enzymes.15 16 We identified five variations from the
reference MINPP1 sequence from the database in all samples, as well as in three normal controls (GenBank accession
number AF046914). All of these sequence variants were
identical to the reference MINPP2 sequence (GenBank
accession number AF084943). A sixth variant, c.444A→G,
was noted in all our sequences which is in agreement with
the MINPP1 reference sequence, but at odds with that of
MINPP2. It is likely, therefore, that these variations might
represent errors in sequence entry on the database, rather
than being associated with any particular phenotype, as they
were identical in all samples, including the normal controls.
While described as independent hamartoma syndromes
with shared clinical features until recently, it has been generally accepted that only CS bears a higher susceptibility to
malignancies.19 20 A broad analysis of genotype-phenotype
data in the largest series of both CS and BRR recently
undertaken in our laboratory has suggested that they might
in fact represent distinct spectra of the same primary

disorder.13 These findings have clear implications for the
follow up of aVected subjects, in which systematic cancer
surveillance is now recommended for both disorders, and
not only for patients with CS.
In several human malignancies, such as breast, prostate,
and thyroid cancer with loss of heterozygosity of 10q and in
which no PTEN mutations have been found, it has been
suggested that a region proximal to PTEN might be the main
target in the tumorigenesis pathway.18 21–24 It remains to be
determined whether somatic abnormalities of MINPP1
might be related to any of these sporadic tumours.
In conclusion, we have excluded an important candidate
gene as the primary genetic abnormality underlying CS and
BRR in subjects without identifiable PTEN mutation. It is
possible that some degree of genetic heterogeneity exists, as
suggested by a study that has excluded linkage to 10q23 in
two PTEN mutation negative CS families.9 The major
genetic defect responsible for CS and BRR in cases without
detectable PTEN mutation still remains to be established.
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Mosaicism in Alport syndrome and
genetic counselling

EDITOR—Alport syndrome is characterised by a progressive glomerulonephritis with typical ultrastructural
changes in the glomerular basement membrane. The most
frequent, semidominant, X linked type is the result of a
variety of mutations (either point mutations or intragenic
deletions) of the COL4A5 gene encoding the á5 chain of
type IV collagen.1
During SSCP scanning of the COL4A5 gene, a shift in
a segment including exon 44 and flanking intronic
sequences was found in a 19 year old proband showing
typical ultrastructural changes of the glomerular basement
membrane (III.3 in fig 1). Sequence analysis showed a
G→C transversion in the 5' splice site of intron 44 (position 4271+1). The mutation introduced an AluI restriction site which divided a 66 bp fragment into two
fragments of 39 + 27 bp. All 18 family members were
tested using this restriction assay and the mutation was
found in the proband’s aVected brother, his cousin, his
mother, and two maternal aunts. Surprisingly, the
proband’s grandmother was a normal homozygote. The
proband’s grandfather was dead, but true paternity of all
daughters could be (indirectly) ascertained by polymorphic markers.4
In this family the mutation is associated with juvenile
Alport syndrome in males, suggesting that the splicing
defect results in a low level or absence of the protein, in
agreement with our previous findings on genotypephenotype correlations.1 Interestingly, we noted considerable clinical variability among heterozygous females (n=4),

ranging from ESRD at 27 years to absence of microscopic
haematuria at 37 years.
Our data strongly suggest mosaicism in the germ cells of
either grandparent. Mosaicism in germ cells may be the
result of either a mutation in a germ cell that thereafter
undergoes mitotic divisions (giving rise to mosaicism confined to germ cells), or an early postzygotic mutation
before separation of the somatic/germ cells (giving rise to
mosaicism in both the tissues and germline). In the latter
case, the phenotype may or may not be expressed in the
mosaic subjects, depending on the proportion of mutated
cells in the relevant tissues. In order to verify mosaicism in
somatic tissues of the living grandmother (I.1 in fig 1), we
used Amplification Refractory Mutation System (ARMSPCR), a tool able to detect known mutations even when
present in a low fraction of template molecules.5 The
primer sense for exon 441 was used in combination with
the following specific antisense primers: normal (5'GGTATAACTATCTTCAGGAATAAGTCTTAC-3') and
mutant (5'- GGTATAACTATCTTCAGGAATAAGTCT
TAG-3'). We performed ARMS-PCR on DNA extracted
from grandmaternal peripheral blood using progressively
lower stringency by lowering the temperature or increasing
the PCR cycle number or both, with the aim of reaching a
condition where even the very few mutated molecules
present in the blood sample would be amplified. This condition was never reached, as the grandmother’s DNA always
gave the same results as normal homozygous female controls
(data not shown).
On analysis of Xq22 DNA polymorphisms, the three
carrier females in the second generation were homozygous
for one of the maternal haplotypes, which therefore must
have been present in the dead grandfather as well, while the
single non-carrier female and the unaVected male carried
the other maternal haplotype. These data might suggest that
the mutation was present in the grandmaternal gonads on
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Figure 1 Pedigree of the family and haplotype analysis at the COL4A5/COL4A6 locus. *Presence of mutation G→C at
4271+1 of intron 44. For haplotype analysis: A=2B6 polymorphism at the 3' end of the COL4A5 gene2; Y=A6YU2
polymorphism in intron 31 of COL4A6.3

haplotype A3Y5, and that the mutated germ cells were
indeed preponderant, since it was transmitted to all
daughters sharing this haplotype. When mosaicism in the
germline is diagnosed because of the birth of more than
one aVected child to apparently healthy parents, it has
been reported that in 50% of the cases the mutation can be
found in somatic cells.6 The absence of the mutation in the
blood of the grandmother suggests that she carried germline mosaicism only. However, since only blood was tested
and some cases are reported in which a mutation not
found in blood was shown in other tissues, such as muscle,
buccal smear, or hair, somatic mosaicism cannot be completely excluded.7 8
An alternative explanation for the above results is
mosaicism in the dead grandfather (I.2 in fig 1). Somatic
mosaicism is not excluded even if he did not himself
express Alport syndrome, and germline mosaicism would
be compatible with transmission of a mutated COL4A5
gene to three females and of a normal gene to one
female; in fact, it is critical for the model that the latter
subject, II.5, does not carry the mutation. In order
unambiguously to assign the mutation to a paternal or a
maternal haplotype, it would be necessary to discriminate
which haplotype the three carrier females transmitted to
the next generation, but unfortunately they were homozygous for all markers tested. Given these data, mosaicism
in either the grandmother or the grandfather might be
considered equally likely; both are asymptomatic and
no diVerence in gender of mosaic subjects has been
reported.6
Mosaicism is a well known phenomenon observed in
several Mendelian diseases. Mosaicism of parental
somatic/germ cells is reported at a rate of 6% in osteogenesis imperfecta type II, 5-10% in campomelic dysplasia,
and at an even higher rate in facioscapulohumeral dystrophy, Duchenne muscular dystrophy, and haemophilia A
and B (11-20%).6 A recent review reports a rate of about
10% of somatic and germline mosaicism in retinoblastoma patients.9 In contrast, in other diseases like
achondroplasia and Apert syndrome, mosaicism was never
detected in large series of cases, despite the high de novo
mutation rate.
In agreement with a low fitness of male Alport syndrome
patients, it is well known that a definite proportion is caused

by new or recent mutations.1 10 Among a sample of 16
(unpublished) mutations in which at least the parental
DNA was tested, the present case was the only one with a
large family available in which we could show that the
mutation had originated in a previous generation. Of the
remaining cases, one arose de novo in the grandfather who
showed no evidence of mosaicism and 14 were inherited.
From these proportions, it is hard to establish the
frequency of mosaicism among parents of Alport syndrome patients. Additional cases, similar to the one we
report here which originates from mosaic subjects in recent
generations, may have gone undetected. In a recent
communication by Plant et al,11 somatic mosaicism was
reported in 3/28 Alport syndrome families with a known
COL4A5 mutation (10.7%). In these three cases, the new
mutation was detected as a mosaic in the blood of one parent who was oligosymptomatic (two cases) or asymptomatic (one case). In the same series, five de novo mutations
were reported12; thus, the incidence of mosaicism among
sporadic cases was 1/6 (16.6%). Since no cases of
mosaicism had been reported in Alport syndrome until
recently, it was current practice in genetic counselling to
reassure parents when an apparently de novo mutation was
found. Given our results and somatic mosaicism detected
by others, more cautious counselling would be advisable in
all cases with an apparently de novo mutation.
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Breast hypoplasia and disproportionate
short stature in the ear, patella, short
stature syndrome: expansion of the
phenotype?
EDITOR—The ear, patella, short stature syndrome (EPS or
Meier-Gorlin syndrome) is a rare disorder characterised by
microtia, absent or hypoplastic patellae, and proportionate
pre- and postnatal growth retardation. In 1994, published
reports of the disorder were reviewed by Boles et al.1 To
date, over 17 patients have been described.1–5 Inheritance is
autosomal recessive as evidenced by an almost equal
number of male and female patients, as well as aVected
sibs, occurrence of consanguineous matings, and the
absence of clinical abnormalities in the parents. Here, we
describe two unrelated patients with the EPS syndrome
and breast hypoplasia. This is a hitherto unreported

Figure 1 Case 1 aged 14 years. Note microtia and
micrognathia.

finding that may be a part of the syndrome in adult females.
Furthermore, the disproportionate short stature which was
present in our patients may be a skeletal manifestation of
the EPS syndrome.
Patient 1 was the first child of non-consanguineous parents. Clitoral hypertrophy and hypoplastic labia minora
were noted after birth. She was referred at the age of 14
years because of dysmorphic features and delayed breast
development. Her menarche started at the age of 12 years
and she had regular periods. Psychomotor development
had been satisfactory. Hearing was normal. Physical examination showed disproportionate short stature (height 1.47
m (<3rd centile), arm span 1.33 m, arm span for height
<<3rd centile). Head circumference was 53.3 cm (25th
centile). There was microtia (ear length <3rd centile) and
micrognathia (fig 1). She had a narrow thorax. Puberty was
Tanner stage P5M1 (fig 2). A skeletal survey showed bilateral absent patellae. Endocrine studies were normal. She
had been treated with ethinyloestradiol which resulted in
minimal breast development.

Figure 2 Case 1 aged 14 years. Note disproportionate
short stature and breast hypoplasia.
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Case 2 aged 15 years. Note microtia and beaked

Patient 2 was also the first child of non-consanguineous
parents. At the age of 5 years, she had surgery on her coronary sutures because of craniosynostosis. The girl was lost
to follow up until the age of 15 when she was referred for
evaluation of short stature and absence of breast development. Menarche had occurred at 13 years and she had
regular periods. Psychomotor development was satisfactory. Hearing was normal. Physical examination showed an
adolescent female with disproportionate short stature
(height 1.43 m (<3rd centile), arm span 1.32 m, arm span
for height <<3rd centile). Head circumference was 51.5
cm (<3rd centile). She had small, round ears, a beaked
nose, and a small mouth (fig 3). Narrow shoulders with
hypoplastic breasts were noted (fig 4). Puberty was Tanner
stage P5M1. A skeletal survey showed bilateral hypoplastic
patellae. Chromosome analysis showed no abnormalities
and endocrine studies were normal. She underwent plastic
surgery for enlargement of her breasts.
Both our patients showed microtia, short stature, and
absent or hypoplastic patellae, which are all characteristic
of the EPS syndrome (table 1), but we found our patients’
breast hypoplasia and disproportionate build remarkable.
It is possible that these two features may have been
overlooked in previously reported patients. Alternatively, it
cannot be excluded that they represent uncommon
features present in only a subset of patients with EPS syndrome. To date, nine males and eight females with EPS
syndrome have been reported (table 1). Six of the female
patients were younger than 10 years. One female at the age
of 17 had small breasts3 and the other female aged 55 had
normal secondary sexual characteristics.2
In both our patients, arm span for height was far below
the 3rd centile, which is indicative of disproportionate
short stature. Most other patients were reported to have
proportionate short stature.1 4 However, details about arm
span, sitting height, or subischial leg length are not
available except for two patients described by Cohen et al.6
In 1994, Lacombe et al3 postulated that the EPS
syndrome could be the human equivalent of the short-ear

Figure 4 Case 2 aged 15 years. Note disproportionate short
stature, narrow shoulders, and absence of breast development.

murine disorder resulting from mutations in the bone
morphogenetic protein 5 gene (BMP-5). This hypothesis
has not yet been tested by molecular studies. Experiments
showed that BMP-5 deficient mice have a lower cross sectional geometry and a significant reduction in length of the
femora.7 In theory, this growth reduction, if present in the
humeri, could lead to disproportionate short stature with
reduced arm span. We hypothesise that disproportionate
short stature in humans with EPS syndrome may result
from a molecular defect in the BMP-5 gene. However,
underdevelopment of breast tissue is, to our knowledge,
not a feature of BMP-5 deficient mice. Additional studies
may yield further information about the role of the BMP-5
gene in the EPS syndrome.
We have described two females with EPS syndrome in
which both breast hypoplasia and disproportionate short
Table 1

Clinical features of the EPS syndrome

Features

Published reports

Patient 1 Patient 2

Sex
Height <3rd centile
Proportionate short stature
Disproportionate short stature
Microtia
Absent or hypoplastic patellae
Early closure or prominent cranial sutures
Clitoromegaly
Breast hypoplasia¶

9 male/8 female F
12/17*
+
2/15†
−
+
17/17
+
11/17‡
+
6/17§
−
3/8
+
+

F
+
−
+
+
+
+
−
+

*Height >3rd centile was noted in three patients; in two patients height was not
reported.
†Seven other reported patients had proportionate short stature. However, span
measurements were not reported.
‡Three other patients had normal patellae.
§Three patients had normal sutures; no information on the other eight patients.
¶One patient had small breasts, seven of nine female patients were too young to
notice breast hypoplasia.
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Pili torti et canaliculi and agenesis of
the teeth: report of a new “pure”
hair-tooth ectodermal dysplasia in a
Norwegian family
EDITOR—The ectodermal dysplasias comprise a heterogeneous group of inherited developmental disorders aVecting
tissue and organs of ectodermal origin. Their classification
was developed by Freire-Maia and Pinheiro,1 with malformations of the hair, teeth, nails, and sweat glands as the
major criteria. Ectodermal dysplasias are thus divided into
11 subgroups based on a minimum of two ectodermal
signs with or without other developmental defects.
A Norwegian family with structural hair abnormalities
associated with agenesis of the teeth is reported. The mode
of inheritance is consistent with an autosomal dominant
pattern.
The investigation for hair and tooth abnormalities in the
family started with a then 16 year old boy (IV.3, fig 1), who
was under dermatological treatment for an X linked
ichthyosis. Blood lipoprotein electrophoresis showed increased migration of the low density lipoprotein (LDL) fraction compared to normal, consistent with steroid sulphatase
deficiency. Interestingly, the blood LDL fraction in his
mother, who suVered from dry skin, also showed increased
I

migration, pointing towards carrier status for X linked
ichthyosis.2 His maternal grandfather was said also to have
suVered from scaly skin. He had, however, died several years
ago and clinical examination was therefore not possible. No
other person in the family suVered from ichthyosis.
Further, it had been recognised that several persons on
the paternal side of his family suVered from stiV and rough
hair that seemed to break easily.
The boy had preferred to keep his hair short because it
then was easier to treat the scaling of the scalp. He had
therefore not been aware of increased breakage of hair.
However, his hair felt rough and stiV (fig 2), and there was a
discrete area of partial alopecia on the top of his head. Scanning electron microscopy of his hair showed twisted hair
shafts combined with longitudinal grooves, pili torti et
canaliculi (fig 3). He also had agenesis of the lower premolar
teeth (35 and 45) (fig 4). There was no gingival fibrosis and
no nail abnormality. The boy was of normal intelligence, had
normal sweating and normal hearing, no generalised hypertrichosis, and no ophthalmological abnormalities.
The younger of his two sisters (IV.5, fig 1) had neither
hair abnormalities nor agenesis of the teeth. The older of
his two sisters (IV.4) also had agenesis of the teeth (12 and
22) (fig 5). She had no problems with breakage of hair and
scanning electron microscopy of her hair showed no structural hair changes.
Hair samples from his mother showed no alterations.
However, hair samples from both his father (III.2) (fig 6)
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stature were present. These features may be associated with
the EPS syndrome. Identification of other patients with EPS
syndrome and breast hypoplasia and disproportionate short
stature may further support this suggested association.
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Figure 2 Short, stubby hair of patient IV.3. Ichthyotic skin changes
consistent with X linked ichthyosis. (Photograph reproduced with
permission.)

and his paternal grandfather (II.1) (fig 7) showed pili torti
et canaliculi. They also both had agenesis of the upper lateral teeth (12 and 22).
His great grandfather (I.1), the father of his paternal
grandfather, was also said to have had stiV and rough hair
and absence of teeth.
His paternal grandfather had four sibs, two sisters and
two brothers. The hair of the only remaining sister (II.2)
showed pili canaliculi and she also had dental abnormalities. She was not examined clinically, but provided hair
samples for scanning electron microscopy. The hair and
teeth of both her children, two sisters, were normal. Two out
of three of the children of the remaining sibs, III.5 and III.6,
showed similar hair abnormalities, pili torti et canaliculi (fig
8). They were said to have certain teeth missing. The son of
III.5 had pili torti et canaliculi and agenesis of certain teeth.
The hair samples were fixed onto probe with double
sided sticky tape, coated with a 30 nm layer of gold/

Figure 3 Scanning electron microscope picture of hair from IV.3 showing
twisted hairs with longitudinal grooves, pili torti et canaliculi.

Figure 5

Dental x ray of IV.4 showing absence of 12 and 22.

palladium alloy in a Polaron E 5100 Sputter Coater
(Polaron Equipment Ltd, Watford, UK), and the specimens
were then examined and photographed in a Philips SEM
515 microscope (Philips, Eindhoven, The Netherlands).
So far, seven other pure ectodermal dysplasias with
combined defects of hair and teeth have been described:
(1) the oculodentodigital syndrome,3 (2) hypertrichosis
and dental defects, (3) gingival fibromatosis and hypertrichosis, (4) trichodental dysplasia,4–6 (5) ectrodactylyectodermal dysplasia with normal lip and palate, (6)
uncombable hair-retinal pigmentary dystrophy-juvenile
cataract-brachymetacarpia, and (7) familial clefting syndrome with ectropion and dental anomaly.
The absence of pathological findings in tissue/organs
other than the hair and teeth rules out the oculodentodigital syndrome, gingival fibromatosis and hypertrichosis

Figure 6 Scanning electron microscope picture of hair from III.2 showing
pili torti et canaliculi.
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Figure 4 Dental x ray of IV.3 showing absence of premolar teeth 35 and 45.
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Figure 8 Scanning electron microscope picture of hair from III.6 showing
pili torti et canaliculi.

syndrome, ectrodactyly-ectodermal dysplasia with normal
lip and palate, uncombable hair-retinal pigmentary
dystrophy-juvenile cataract-brachymetacarpia, and familial
clefting syndrome with ectropion and dental anomaly. The
dental abnormalities in (2) consist of persistence of
deciduous teeth, delayed eruption, and the hypertrichosis
is localised or generalised. In (4) trichodental dysplasia,
missing teeth, peg shaped incisors, and shell teeth are the

1 Freire-Maia N, Pinheiro M. Ectodermal dysplasias-some recollections and a
classification. Birth Defects 1988;24:3-14.
2 Paller AS. Laboratory tests for ichthyosis. Dermatol Clin 1994;12:99-107.
3 Gillespie FD. A hereditary syndrome: ‘dysplasia oculodentodigitalis’. Arch
Ophthalmol 1964;71:187-92.
4 Salinas CF, Spector M. Tricho-dental syndrome. In: Brown AC, Crounse
RG, eds. Hair, trace elements, and human illness. New York: Praeger,
1980:240-56.
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Skin pigmentary anomalies in a mosaic
form of partial tetrasomy 3q
EDITOR—In the March 1999 issue of the journal, Portnoi et
al1 reported a patient with hyperpigmentation distributed
along the lines of Blaschko2 3 with mosaicism for partial
tetrasomy for the chromosomal region 3q27-q29. Here we
describe a patient who displays a very similar pattern of
skin hyperpigmentation (fig 1A, B) associated with mosaicism for a small partial terminal triplication of 3q (fig 2)
leading to functional tetrasomy with the following
karyotype obtained from lymphocytes: mos 46,XY,
trp(3)(q27.1-qter)[47]/46,XY[4]. Both parents were

found to have a normal karyotype. The proband is a 5 year
old boy, the first child of healthy, unrelated parents. During
early pregnancy intrauterine growth retardation was
suspected, but no anomalies were recorded during the following months except reduced fetal movements. He was
born by caesarean section 3 weeks before the calculated
date of birth because of HELLP syndrome. His birth
weight and length were 2810 g and 49 cm, respectively.
Owing to his pigmentary skin anomalies, soon after birth
the diagnosis of a hypomelanosis of Ito was made. He was
retarded in all developmental milestones, as he was not
able to sit before the age of 8 months or walk before 21
months and started to speak at about 2 years. Coarse facial
features (fig 1A) with pronounced supraorbital ridges,
broad nasal bridge, long philtrum, large prominent ears,
and hypoplastic enamel structures were noted. He has a
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Figure 7 Scanning electron microscope picture of hair from II.1 showing
pili torti et canaliculi.

most common dental abnormalities.4–6 The hair is fine,
sparse, dull, and slow growing.
Congenital absence of teeth is most probably autosomal
dominantly inherited.7 It has been speculated that a common genetic defect may give rise to diVerent phenotypic
manifestations, including missing, malformed, and even
ectopic and malpositioned teeth. The maxillary teeth that
develop in the critical marginal areas of the dental lamina,
namely the lateral incisors, canines, and second premolars,
seem most susceptible.8
The findings in our patients, with diVerent phenotypic
manifestations of agenesis of the premolars or lateral incisors, point towards an autosomal dominant mode of inheritance. The sister IV.4 of patient IV.3 only showed agenesis
of certain teeth and no pili torti et canaliculi on scanning
electron microscopy. This is probably the result of variable
expression of the ectodermal dysplasia.
Congenital pili torti et canaliculi is a hair shaft
abnormality that has previously been described in Marie
Unna hypotrichosis, and together with cleft lip/palate in the
EEC-syndrome. The alopecia in Marie Unna hypotrichosis resembles androgenetic alopecia, but, in addition, hair
loss occurs at the perimeter of the scalp as well, giving the
patients monk-like features.9 In the EEC syndrome, several
other pathological findings are present,10 not seen in any of
our patients.
In conclusion, the combination of pili torti et canaliculi
and dental abnormalities has not been described before and
could represent a new pure hair-tooth ectodermal dysplasia.
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bilateral single palmar crease, but his father shows this feature on his right hand as well. At the age of 2 years his
weight of 12 kg (25th centile), length of 84 cm (10th-25th
centile), and head circumference of 50.5 cm (75th centile)
indicated disproportionate growth curves. Psychomotor
examination showed a general retardation of about 6-8
G bands

3

R bands

der(3)

3

der(3)

Figure 2 Partial GTG and RTG karyotype of the normal
and the derivative chromosomes 3.

months. Magnetic nuclear resonance imaging of the brain
showed periventricular lesions of the white matter with no
further anomalies. Despite our request to perform a skin
biopsy from the light and dark pigmented areas of his skin
to allow cytogenetic analysis of these tissue samples as well,
his parents have so far refused this. Since, currently, there
is no medical necessity to perform this type of analysis, we
had to respect their wishes.
At the age of 5 years the proband was investigated again.
He is currently 113 cm (50th-75th centile) tall, weighs 19.5
kg (50th-75th centile), and his head circumference is 53.5
cm (90th centile). He is cooperative and understands
questions and commands quite well but his articulation is
still rather poor despite regular speech therapy. Motor
development in particular with regard to fine movements is
about two to three years behind normal. At the cytogenetic
level, the size of the partially tetrasomic segment seems to
be identical to the previously reported case.1 We performed
FISH analysis using the same YAC clones (806_d_8,
760_f_3, 781_f_8, 883_d_12) as described to determine

Figure 3 Partial metaphase cell showing the localisation of the YAC clone 883_d_12 on
the normal and the derivative chromosome 3. Note that the inverted orientation of the
inserted fragment was confirmed by the relative position of the hybridisation signals.
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Figure 1 Clinical features of the patient aged 5 years. (A) Front view. Note hypertelorism and prominent ears.
(B) Hyperpigmentation following the lines of Blaschko.

Letters

725

a gene dosage eVect caused by the partial tetrasomy, one or
more genes involved in skin pigmentation are responsible
for the hyperpigmented brown streaks following the lines of
Blaschko (fig 1B). No obvious candidate gene responsible
for this eVect has been mapped so far to this chromosomal
segment; however, the melanoma associated antigen p97
gene4 might be involved. Although the partial tetrasomy
3q27.1-qter in both patients is caused by diVerent
chromosomal rearrangements, a break in band 3q27.1
must have occurred in both of them during the first
postzygotic cell divisions. Molecular studies with mapping
of chromosomal breakpoints allowed us to exclude the
involvement of a single gene in both aVected subjects. In
conclusion, partial tetrasomies for an autosomal segment
are rare and deserve more attention when they are associated with an unusual phenotype.
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Reduction of the genetic interval for
lymphoedema-distichiasis to below 2
Mb
EDITOR—Primary lymphoedema (MIM 153200) is a
chronic tissue swelling, most frequently of the lower limbs,
which occurs as a consequence of a failure of lymph
drainage.1 It arises from an intrinsic abnormality of the
lymphatic system and generally shows an autosomal dominant pattern of inheritance with reduced penetrance, variable expression, and variable age of onset.2 There is a
strong genetic input into primary lymphoedema, with 35%
of all patients showing a positive family history.3 4 The
swelling can be present at birth, as in Milroy disease, but
more commonly it becomes clinically apparent during
puberty, which is known as Meige disease.5–7
A variant of pubertal onset lymphoedema is
lymphoedema-distichiasis (LD) (MIM 153400). This syndrome is a rare form of primary lymphoedema which is
associated with distichiasis, a congenital anomaly in which
aberrant eyelashes arise inappropriately from the site of the
meibomian gland openings.4 8 The disease shows an autosomal dominant pattern of inheritance with incomplete
penetrance.9 A recent study of three families by our group
reported linkage of LD to chromosome 16q24.3.10 The
locus was placed between the markers D16S422 and
D16S3074, a distance of ∼16 cM according to the
Généthon sex averaged map.
Subsequently, more members of family 3 have been
ascertained (fig 1) along with an additional family with an
aVected father and three aVected children (not shown). All
subjects were carefully phenotyped based on the presence

of distichiasis, which provides a clear criterion with which
to define aVected status. This was established following slit
lamp examination by an ophthalmologist unaware of any
other clinical signs. DNA of the newly ascertained subjects
was extracted from peripheral venous blood by a standard
procedure using a Nucleon genomic DNA extraction kit
(Nucleon Biosciences, Strathclyde, UK). Polymorphic
microsatellite markers were PCR amplified and electrophoresed through an 8% denaturing polyacrylamide gel on
a conventional gel rig. Gels were run at a constant 50 mA
and the DNA bands were visualised with silver staining.11
The microsatellite markers D16S511, D16S422,
D16S402, D16S3037, D16S520, and D16S3074 were
PCR amplified in the newly ascertained subjects from
family 3 and for the new family. The latter was consistent
with linkage to the LD locus. All newly ascertained subjects
from family 3 were consistent with linkage, using distichiasis as the sign of aVected status. Fig 1 shows the expanded
pedigree, with the same numbering for the previously
typed subjects as in our original publication.10 It is of interest that IV.5 (fig 1), who was assumed to be unaVected and
non-penetrant in the previous study, was found by slit lamp
examination to have limited distichiasis. There are
therefore no members of any of the four families we have
studied who carry the “aVected” haplotype but have no
signs.
Analysis of an additional six markers within the LD
locus, D16S486, D16S498, D16S543, D16S2625,
D16S539, and D16S3061, produced a reduction in the
distal interval by ∼2 cM as a result of a recombination event
in an aVected family member (fig 1, IV.4). Another subject
(III.5) was included as of unknown status in the initial
report. He had a slightly abnormal lymphoscintigraphy
result at 30 minutes, which was well within normal limits at
60 minutes, but no lymphoedema. Recent examination has
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how similar at the molecular level the chromosomal breakpoints are. A triplication was confirmed for two YACs
(781_f_8 and 883_d_12) whereas the more proximal YAC,
806_d_8, showed only one signal on the rearranged chromosome. Furthermore, the YAC 760_f_3, which is just a
few megabases proximal to 781_f_8, does not map to the
triplicated region. This indicates that the breakpoint in
3q27.1 is not identical at the molecular level in both
patients, but is more distal in our proband. From the
hybridisation pattern of the triplicated YAC clones it can
be concluded that the terminal triplication on the
derivative chromosome 3 occurred because of an insertional inverted duplication (fig 3). FISH analysis using a
probe specific for the subtelomeric region of the long arm
of chromosome 3 (Vysis) showed additional interstitial signals on the derivative chromosome 3 (results not shown).
The patient described by Portnoi et al1 was claimed to be
the first with a pure partial tetrasomy of 3q but he is of
normal intelligence and does not show dysmorphic
features. As can be judged from the distribution of normal
versus abnormal cells in lymphocytes and skin fibroblasts,
in particular from the dark pigmented areas, the percentage
of partially tetrasomic cells in their patient is much lower
than in our case. This could be the explanation why the
proband described here exhibits psychomotor retardation
and dysmorphic features. However, the observation of
Portnoi et al1 that in the partial tetrasomic cells for 3q27.1qter a more intensive skin pigmentation is obvious can
clearly be confirmed in the unique karyotype-phenotype
constellation present here. It was proposed that because of
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Figure 1 Pedigree of family 3 with haplotypes for the markers shown. Newly ascertained subjects are numbered 12–13 in generation II, 13–16 in
generation III, and 6–13 in generation IV. All other family members are numbered as they appeared in the initial report.10

shown him to have no trace of distichiasis, which is unlike
all the other carriers of the aVected haplotype in the four
families analysed. We therefore concluded that he is clinically unaVected and does not carry the mutated gene,
rather than being a case of non-penetrance. Analysis of the
additional six markers in this subject showed a recombination proximally which removed ∼10 cM from the locus.
The flanking recombinant markers are now D16S3037
(proximal) and D16S498 (distal), with D16S520 and
D16S486 non-recombinant between these two, which is a
genetic distance of ∼4 cM according to the Généthon sex
averaged map. Mapping these markers on a mouse/human
somatic cell panel12 locates the flanking microsatellite
markers between the breakpoints in the hybrids CY120 to
CY112. This suggests that the physical distance is 1-2 Mb.
This interval is not very gene rich or physically well
characterised, although it does contain the homologue of
the Drosophila transcription factor gene FKHL5. Sequence
analysis of BAC RP11-463O9 (AC009108) shows it to
contain both D16S520 and FKHL5, placing the gene
clearly in the critical region. However, initial analysis of this
gene by single stranded conformational polymorphism
(SSCP) analysis has shown no mutations in its two exons.
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