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Abstract

Background: Cryptic chromosome imbalances are increasingly acknowledged as a cause for
mental retardation and learning disability. New phenotypes associated with specific rearrangements
are also being recognized. Techniques for screening for subtelomeric rearrangements are
commercially available, allowing the implementation in a diagnostic service laboratory. We report
the diagnostic yield in a series of 132 subjects with mental retardation, and the associated clinical
phenotypes.

Methods: We applied commercially available subtelomeric fluorescence in situ hybridization
(FISH). All patients referred for subtelomeric screening in a 5-year period were reviewed and
abnormal cases were further characterized clinically and if possible molecularly.

Results: We identified nine chromosomal rearrangements (two of which were in sisters)
corresponding to a diagnostic yield of approx. 7%. All had dysmorphic features. Five had imbalances
leading to recognizable phenotypes.

Conclusion: Subtelomeric screening is a useful adjunct to conventional cytogenetic analyses, and
should be considered in mentally retarded subjects with dysmorphic features and unknown cause.
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Background

Mental retardation (MR) is a common disorder affecting
1-3% of the population, and yet the pathogenesis is only
partly understood. Specific etiological factors are found
only in about half of the patients, despite thorough clini-
cal and laboratory investigations [1]. It is reasonable to
believe that genetic factors are involved in many of the
undiagnosed cases, since there is a generally increased
recurrence risk for siblings [2], and a large number of dif-
ferent gene mutations are known to be associated with
mental retardation. At present, using mental retardation
as search word, at least 1000 items will turn out to be asso-
ciated with mental retardation in the Online Mendelian
Inheritance in Man (OMIM). In cases with prenatal onset
of symptoms, growth retardation, malformations and
dysmorphic features a chromosomal imbalance may play
arole. The most common demonstrable genetic causes of
global development delay involve chromosomal imbal-
ance, the fragile X syndrome and Rett syndrome [3]. The
available data indicate that chromosome abnormalities
are found in 4-28% of individuals with mental retarda-
tion, and that severity of MR and the presence of congen-
ital anomalies increase the diagnostic yield of
chromosome abnormalities [4].

The subtelomeric regions are gene-rich and are often
involved in chromosomal rearrangements [5]. Since 1995
it has been recognized that subtle rearrangements at the
telomere regions may account for a proportion of cases
with unexplained mental retardation [1]. A number of
techniques can be applied for subtelomeric screening, for
instance FISH with subtelomeric probes, analysis with
microsatellite markers or high resolution comparative
genome hybridization (HR-CGH) [6]. Recently, the use of
MLPA (multiplex ligation dependent probe amplifica-
tion) [7], and microarrays [8] were described. A recent
review of over 2500 tested and reported subjects with
mental retardation revealed the presence of subtelomeric
rearrangements in approximately 5 % of the cases. [9].

In this study we have investigated 132 mentally retarded
patients for subtelomeric rearrangements by FISH analysis
using a commercially available system (Cytocell R). We
found 9 rearrangements (two were siblings) among 113
cases with both MR and dysmorphic features. Three of the
rearrangements were characterized previously by molecu-
lar means [10], and in this study we have delineated the
size of the deletion in one case with a 2q telomere
abnormality.

Methods

Patients

A total of 132 cases from 131 families were referred to the
John F. Kennedy Institute for subtelomeric screening.
They were all examined in a period between January 1998
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and February 2003. A previous cytogenetic analysis at the
500-550 band stage was normal in 130 cases, and in two
cases an unresolved subtle chromosome anomaly was sus-
pected. Of these patients 113 cases had mental retardation
together with dysmorphic features. Sixteen of these cases
had a positive family history of MR and dysmorphic fea-
tures. In 19 patients mental retardation was present with-
out apparent dysmorphic features. Four of these cases had
a positive family history of MR. In all cases where a subte-
lomeric abnormality was detected the parents were inves-
tigated if available.

Subtelomeric screening, FISH analysis, and quantitative
PCR

Subtelomeric regions were screened with the Chromo-
probe Multiprobe T system (Cytocell). The analysis was
performed as instructed by he manufacturer. With this
system a simultaneous analysis of 41 chromosome arms,
except for the p arms of the acrocentric chromosomes is
possible. The signals were detected and analyzed in a flu-
orescence microscope. All abnormal or ambiguous results
were reanalyzed using a specific subtelomeric probe for
the suggested abnormality (Cytocell aqua or TelVysion

(Vysis)).

To establish the size of the deletion in patient 3, FISH
analyses were carried out using 19 BAC clones from the
RP11 library mapping to 2q37.2-q37.3 (Human Genome
Browser). FISH analysis was carried out using 200 ng BAC
DNA using standard protocols. Probe DNA was labeled
with biotin-11-dUTP (Boehringer Mannheim) and signals
were visualized using avidin-FITC detection system.

To establish if the deletion in case 8 included the NSD1
gene real-time quantitative PCR was carried out: A refer-
ence PCR amplifying a 51 bp genomic fragment of the
GAPDH gene and a test PCR allowing an amplification of
a segment in exon 5 of NSD1, was developed according to
the Primer Express/SDS7000 guidelines and evaluated on
a SDS7000 real-time PCR utility (Applied Biosystems).
DNA from patient 8 and two controls were isolated and
diluted (approx 5 ng/ml) to obtain nearly exact cycle
threshold values (C;) for the reference PCR. The compar-
ative Cp method was used to calculate the relative quanti-
tative relation between the two PCR reactions, and
showed a steady 1:0.5 relation in the patient sample (con-
sistent with a deletion of the NSD1 gene)

Case Reports

Patient |

Patient 1 was a female born to unrelated healthy parents
at 40 weeks of gestation. She had a healthy older brother.
Birth weight was 2600 g, birth length 49 ¢m, and head cir-
cumference was 31 cm. Apgar scores were 7/1, 9/5, 10/10.
The patient showed prenatal- as well as postnatal growth
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Figure |
Facial features of patient | with |p deletion (I year old).

retardation (-3/-3 1/2 SD). She was hypotonic and
severely delayed in psychomotor functions. The patient
died of pneumonia 3 years old. At that time she was only
able to sit with support and had no language except from
babbling. She had dysmorphic features including promi-
nent forehead, high-arched palate, flat mid-face with
small nose, small palpebral fissures, long philtrum, small
mouth with thin lower lip, small hands and feet and
vision abnormalities in the form of markedly delayed vis-
ual maturation. In addition she had severe skin problems
with suppurate eczema in periods. No other cases of men-
tal retardation were known in the family. Clinical features
are shown in fig. 1. An autopsy did not reveal any organ
malformations.

Her karyotype was 46,XX.ish del(1)(p36.3). Her parents
had normal karyotypes without subtelomeric rearrange-
ments. Hence, her deletion at 1p36 was de novo. The size
of deletion was characterized at the molecular level in a
previous study [10], comprising 8 Mb.

Patient 2

The boy was born as the first child to unrelated healthy
parents. The father had two apparently healthy children
from a previous relationship. During pregnancy the fetus
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showed growth retardation. He was born at 39 weeks of
gestation with a birth weight of 2125 g. Apgar scores were
8/1, 10/5. He was born with anal atresia, subsequently
operated with good results. He had MR and facial dysmor-
phic features. He showed growth retardation and was
found to have a mild delay of motor function at 21
months. He could walk at the age of 2 1/2 years but had
no spoken language; instead he used sign language. He
had congenital hearing- and vision-impairment with
hypermetropia, which were corrected with hearing aid
and glasses respectively. Ophthalmological examination
revealed optic atrophy. No other cases of mental retarda-
tion were known in the family. Cytogenetic analysis
revealed additional material on the long arm of chromo-
some 2. Whole chromosome painting with a chromo-
some 2 probe did not paint the additional material
Subtelomeric screening showed subtelomeric signals on
both chromosomes 2 and furthermore, a signal from the
subtelomeric probe from chromosome 22q was localized
to the additional material on chromosome 2 demonstrat-
ing that the extra material derived from 22qter. (Normal
subtelomeric signals were also present on 22q). The
mother had a normal karyotype without subtelomeric
rearrangements, and the father was not available for
examination. The karyotype was 46,XY.ish
der(2)t(2;22)(q37.2;q1?). Hence, the patient had an
unbalanced karyotype with a partial trisomy for the long
arm of chromosome 22.

Patient 3

The patient was born as number 2 of 2. She was delivered
by Cesarean section at 41 weeks of gestation because of
her size and previous section. Birth weight was 5500 g and
birth length 58 cm. She had MR with mild delay of motor
function and walked alone 16 months old. She had recur-
rent airway infections and bronchitis. Growth was nor-
mal, but her head was large (+3SD). MRI of the brain was
normal. She had recurrent fractures and she was diag-
nosed with osteoporosis using DEXA scanning 6 years old.
Her height was 119 cm and weight 25 kg at age 7 years.
She had normal levels of calcium, phosphate, magnesium
and basic phosphatase. Her thyroid status was normal.
Dysmorphic features included frontal bossing, narrow
and low dorsum of nose and hypertelorism. No other
cases of MR were known in the family.

Her karyotype by subtelomeric screening was 46,XX.ish
del(2)(q37.2). Her mother showed the same subtelom-
eric abnormality which is a known polymorphism of
D2S9886. However, further FISH analyses were carried
out as described.

Patient 4
The patient was born to healthy, unrelated parents. She
was born at 40 weeks of gestation with a birth weight of
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Figure 2
a,b,c,d. Patient 4 aged 3 months (a,b) and |3 years (c,d) with
4p deletion.

2500 g, birth length of 46 cm and head circumference of
28.6 cm. Apgar scores were 10/1, 10/5. One older sibling
was healthy. She thrived poorly and was found to be gen-
erally hypotonic 2 months old. Her development was
retarded and she was admitted to hospital several times
with infections and febrile convulsions. A chromosome
analysis and metabolic screening at the time was normal.
She was treated for epilepsy from the age of 2 years. Feed-
ing problems were pronounced, and she was considered
to have an autistic disorder. Her development corre-
sponded to approximately 11-15 months at the age of 2
1/2 years. As she grew up she became fond of eating. MRI
of the brain at the age of 9 years was normal. Menarche
occurred at the age of 11 years. She had well-developed
gross motor and some language skills at the age of 15
years. She was referred to subtelomere chromosome anal-
ysis at the age of 12 years because of MR, dwarfism with
growth corresponding to -3SD (146 cm and 43 kg), hypo-
tonia and dysmorphic features including microcephalia,
micrognathia and protrusion of the eyeballs. See figure 2
for clinical features.

Her karyotype by subtelomeric screening was 46,XX.ish
del(4)(p16.1). The parents had normal karyotypes with-
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out subtelomeric rearrangements. Hence, she had an
unbalanced karyotype with monosomy 4p de novo.

Patient 5

This patient was 27 years old at the time of reinvestiga-
tion. Pregnancy, birth and neonatal period were reported
as normal. At age 3 years he was referred for chromosome
analysis because of mild MR and delay of motor function.
Slight dysmorphic features (round facies, small head)
were noted. The chromosome analysis (performed both
in peripheral blood lymphocytes and cultured skin
fibroblasts) revealed additional material on the short arm
of chromosome 22 in about 25 % of the metaphases ana-
lyzed. At that time it was not possible to reveal the origin
of this extra material. At age 27 years he was mildly men-
tally retarded and worked in a sheltered workshop. His
height and weight were normal. Subtelomeric screening
showed a signal from the subtelomeric probel2p (in
addition to the normal signals on chromosome 12p)
localized to the short arm of chromosome 22. His karyo-
type by subtelomeric screening was 46,XY.ish
der(22)t(12;22)(p13;p?). Furthermore, Multicolor FISH
confirmed the presence of chromosome 12 material on
22p in approx. 25% of the metaphases. Hence, he had an
unbalanced mosaic karyotype with a partial trisomy for
chromosomel2pter.

Patient 6a, b (and c)

The patients are two sisters (6a,b), who are distantly
related to a girl with a similar phenotype (6¢) (figure 3).
The two sisters were born in 1966 (6a) and 1976 (6b) to
healthy, unrelated parents. Patient 6a was born at term
with a birth weight of 2900 g and birth length of 48 cm
after an uncomplicated pregnancy. Apgar scores were
unknown, but amnion fluid was green and the baby was
placed in an incubator. Feeding was poor in the neonatal
period. One year old her weight was 8700 g and the height
was 75 cm. Today (37 years old) her weight is 48 kg and
the height is 154 cm. She has scoliosis, small head circum-
ference and spastic gait. She has severe MR and needs help
with almost everything. The fine and gross motor skills are
poor. (According to the parents she likes being with other
people and is generally a happy person).

The younger sister (6b) was also born at term after normal
pregnancy and delivery. The birth weight was 3470 g and
birth length 48 cm. She had congenital dislocation of the
hip and one week old a brace was applied. According to
the parents she resembled her older sister, but was much
stronger and was able to suckle by herself. One year old
her weight was 7300 g and height was 73 cm. She was
hyperactive for a number of years with a very little sleep
demand. Today (27 years old) she weighs 44 kg and the
height is 144 cm. She has severe MR and is dependent on
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constant assistance. Both sisters have good health in
general.

The third girl (6c) within this family was born in 1996 as
the first child to healthy parents. Birth weight 1935 g,
length 44 cm, head circumference 29.6 cm. She has mod-
erate/severe mental retardation without language. She is
growth retarded with microcephalia (head circumference
below -3 standard deviations)

Subtelomeric screening revealed an unbalanced transloca-
tion in the sisters, and a balanced translocation in their
mother. The wunbalanced karyotype was 46,XX.ish
der(13)t(5;13)(q35.2;q34). Thus the patients had partial
monosomy 13qter as well as partial trisomy 5qter. Case 6¢
had the same unbalanced karyotype.

Patient 7

Patient 7 was a girl born at 42 weeks gestation as the first
child to healthy, unrelated parents. The mother previously
had two spontaneous abortions. Birth weight was 2770 g,
birth length 47 cm and head circumference 30.5 cm. She
had a hemangioma on the forehead and a neonatal tooth.
She was severely delayed in development with hypotonia
and postnatal growth retardation and developed epilepsy.
She had dysmorphic features including hypertelorism,

narrow eye fissures, broad nasal bridge, large philtrum,
abundant head- and body hair, clubfoot and atrial septal
defect (ASD). She was severely retarded and died 3 years
old from pneumonia.

Subtelomeric screening showed an unbalanced transloca-
tion inherited from a balanced translocation in the father.
Her karyotype was 46,XX.ish
der(9)t(9;22)(q34.2;q13.3)pat.

Patient 8

The patient was a girl born to healthy, unrelated parents.
Two older maternal half-sibs were healthy. The pregnancy
was complicated by polyhydramnios and she was deliv-
ered at 40 weeks of gestation by Cesarean section due to
slow progress in labor. Forceps was used through the uter-
otomia because of macrocephaly. Birth weight was 3955
g, birth length 55 cm, and head circumference 40 cm. The
girl was asphyctic with apgar scores 2/1, 7/3, 9/5, and 10/
10. Edema of hands and feet were noticed at birth and the
neonatal period was complicated by hypoglycaemia. An
ultrasound scan of the brain at age 3 days showed signs of
haemorrhage in the lateral ventricles, small periventricu-
lar cavities, and suggested corpus callosum hypoplasia.
The latter was verified at MRI of the brain at 4 weeks of age
and in addition enlarged lateral ventricles were present. At
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Figure 4
Patient 8 with Sotos syndrome (9 months old).

11 months of age renewed MRI in addition showed partial
agenesis of gyrus cinguli and periventricular
leukomalacies. At 12 months of age significant dysmor-
phic features, as macrocephaly, dolicocephaly, frontal
bossing, receding frontal hairline, deep-set eyes with epi-
canthus, nystagmus, depressed nasal bridge, and a pro-
truding tongue were noticed. The trunk of her body was
long compared to the extremities. Finger- and toenails
were thin, brittle and deep set with periungual edema and
a tendency to develop paronychion. Skin of the palms and
foot soles were thickened, fingertip pads were prominent,
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and the thumbs were broad and adducted (fig. 4). She was
hypotonic. Echocardiography was normal. X-ray examina-
tions showed that metatarsal bones were short and meta-
carpal bones were short and broad. Furthermore, the bone
age at 23 months was dissociated with phalangeal bone
age corresponding well to chronological age, but carpal
bone age corresponding to 6 months. Her motor and
mental milestones as well as expressive language were
delayed. Growth at 26 months of age showed: weight +1
SD, height +1,5 SD, and head circumference +3-4 SD.
During the first two years she had recurrent urinary and
upper respiratory tract infections. At 29 months age hyper-
mobility of joints, redundant skin, a small umbilical her-
nia, mild kyphoscoliosis and contractures of knees were
observed. Due to the phenotype the girl was suspected of
having Sotos syndrome.

Subtelomeric screening revealed the karyotype 46,XX.ish
del(5)(q35). Quantitative PCR revealed that the NSD1
gene was deleted, confirming the diagnosis of Sotos
syndrome.

Results

In this study we analyzed 132 patients (clinical features
summarized in table I) by subtelomeric screening, where
conventional chromosome analyses were normal in 130
cases. Table II summarizes the results. Seven cases (includ-
ing two sisters) had cryptic aberrations not visible by con-
ventional cytogenetic analysis. Both novel as well as
previously described subtelomeric aberrations were iden-
tified. Furthermore, in two cases (patient 2 and patient 5)
an unresolved visible small structural abnormality of
chromosome 2 and 22, respectively, was suspected and
resolved by subsequent subtelomere testing. In patient 2
the extra material was shown to be due to partial trisomy
for the long arm of chromosome 22. Apparently no spe-
cific phenotype is associated with cases with this karyo-
type. However, anal atresia (observed in our patient) is
present in patients with cat eye syndrome due to partial
tetrasomy of the 22q11 region [11]. Patient 5 who was
mildly retarded with few dysmorphic features was found
to have a mosaic karyotype with partial trisomy 12p in
about 25% of cells. More than two dozen patients with
duplication of 12p have been described, mostly with
severe mental retardation. Pallister-Killian syndrome is
associated with tetrasomy (12p) mosaicism in fibroblasts
[11]. Our patient did not resemble these phenotypes.

Patients 6a, 6b and 6¢ had both inherited the same sub-
microscopic chromosomal imbalance, I e partial mono-
somy 13qter and partial trisomy 5qter, due to an
unbalanced translocation which segregated in balanced
form through several generations in the family. The 3
affected relatives were severely retarded with
microcephaly.

Page 6 of 10

(page number not for citation purposes)



BMC Medical Genetics 2005, 6:21

http://www.biomedcentral.com/1471-2350/6/21

Table I: Clinical features for the nine patients with rearrangements.

Case Dysmorphic facial Other dysmorphic features/ abnormalities OFC (cm) BW (g) GA (weeks)
features

| Yes Small hands and feet 31 2600 40
2 Yes Anal atresia - 2125 39
3 Yes No - 5500 41
4 Yes Dwarfism 28.6 2500 40
5 Yes No - - -

6a Yes Scoliosis - 2900 40

6b Yes Congenital dislocation of the hip - 3470 40
7 Yes Clubfoot, atrial septum defect, abundant head- and bodyhair 30.5 2770 42
8 Yes Adducted and broad thumbs, thickened skin in sole of foots and palms 40 3995 40

OFC, occiput frontal circumference; BW, birth weight; GA, gestational age

Table 2: Results of subtelomeric FISH for the nine patients with rearrangements.

Case Family Karyotype Deletion/duplication size Parents karyotype
history of
MR
| No 46,XX.ish del(1)(p36.3) 8 Mb (a) Normal
2 No 46,XYish der(2)t(2;22)(q37.2;q1?) NA Mother normal / father NA
3 No 46,XX.ish del(2)(q37.2) 6.8 Mb Mother normal (e) / father NA
4 No 46,XX.ish del(4)(pl6.1) Approx 4 Mb (d) Normal
5 No 46,XY/46,XY .ish der(22)t(12;22)(p13;p?) NA Normal
6a,b Yes 46,XX.ish der(13)t(5;13)(q35.2;934) 3.9 Mb (I3qter) and 6.5 Mb (5qter) (b)  Mother: 46,XX,t(5;13)(q35.2;q34)
7 Yes 46,XX.ish der(9)t(9;22)(q34.2;q13.3)nat 4.1 Mb (9qter) and 5.7 Mb (22qter) (c)  Father: 46,XY,t(9;22)(q34.2;q13.31)
8 No 46,XX.ish del(5)(q35) 4-7 Mb (f) Normal

(a),(b),(c), Cases 15, 16, 14, respectively, described by Schoumans et al. (2004); (d) also deleted for Wolf-Hirshhorn probe (Vysis ®); (e), Deletion
D252986 polymorphism (see text for detail); (f), see text for detail; MR, mental retardation; NA, not analyzed.

For patient 3 the extent of the deletion at 2q37 was delin-
eated further with detailed FISH, prompted by the finding
that the normal mother had apparently the same deletion
with the probe set from Cytocell(R) which is recognized as
a wellknown polymorphism [12]. In the child the most
distal BAC clone, which was present on the abnormal
chromosome 2 was RP11-1006P17, while the distal over-
lapping BAC clone RP11-473L20 was deleted. The distal
breakpoint of the deletion was thus mapped within a 100
kb region (Human Genome Browser chromosome posi-
tion 236,195,870-236,292,756) at cytogenetic band
2@37.2 and the deletion extended further to the telomere.
The size of the deletion was thus approximately 6.8 Mb.
Monosomy of 2q37 has been reported in more than 60
patients and recently deletion mapping of 20 cases has
been published [13]. Monosomy 2q37 patients show
significant clinical variability mainly dependent of the
size of the deletion, though some degree of mental
retardation and facial dysmorphism have been recognized
in all patients, as it is also valid for the present case. In the
present case the deletion breakpoint is mapped within or
at the promoter region of CENTG2 gene between the
microsatellite markers D2S336 and D2S338, which have

been used in the study described by Aldred et al. [13]. In
this study a critical interval for brachymetaphalangism,
which is the main symptom of Albright hereditary osteo-
dystrophy (AHO)-like brachymetaphalangism, has been
assigned to the 3 Mb region from HDAC4 gene to the tel-
omere. This region is deleted in the present patient, who
does not present this feature. Brachymetaphalangism was
suggested to be partially penetrant and some patients
deleted for this region show other severe skeletal abnor-
malities. Our patient suffers osteoporosis, which also
might be due to the mutations of the same gene leading to
different degrees of symptoms. Recently Giardino et al.
[14] published a patient with AHO-like syndrome where
the deletion breakpoint of the patient was within BAC
clone RP11-585E12, approximately 1.6-18 Mb distal to
the breakpoint of the present case. This region includes
five genes (CENTG2; GBX2; ASB18; CMKOR1; FLJ22527),
which are deleted from the present case but not from the
case described by Giardino et al. [14]. However at present
it is difficult to predict the effects of the protein products
on the different phenotypes observed in these patients.
The phenotypically normal mother only had a deletion
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with probe D2S2986, but was not deleted with other
probes. .

Discussion
Several conclusions can be drawn from the present study:

In 113 patients with both mental retardation and dysmor-
phic features we have identified subtelomeric abnormali-
ties in 9 patients, and this result corresponds well with
other studies. In a recent review of 20 studies the mean
detection rate was found to be 4.8%, ranging between 0%-
23% [9]. In our study 19 subjects with apparently non-
syndromic idiopathic mental retardation, with or without
positive family history were investigated. None of these
patients showed rearrangements. This is in accordance
with the study of Joyce et al. [15] who showed that cryptic
telomeric rearrangements were not a significant cause of
idiopathic mental retardation. It can be speculated that
especially in familial cases of idiopathic mental retarda-
tion mendelian or multifactorial inheritance is more often
the cause.

Our series represent referrals to a diagnostic laboratory for
various reasons but undiagnosed mental retardation with
dysmorphic features suggesting a "chromosomal pheno-
type" account for the majority. It is reasonable to assume
that different detection rates are due to selection criteria,
and it is likely that stringent selection criteria like the 5-
item checklist (family history of MR, prenatal onset
growth retardation, postnatal growth abnormalities, facial
dysmorphic features, non-facial dysmorphism and/or
congenital abnormalities) provided by de Vries et al. [16]
will increase the detection yield of chromosome abnor-
malities. This can also be seen in the study reported by
Walter et al. [17], where the authors have performed a
subtelomere FISH study of 50 unrelated children ascer-
tained by a checklist that evaluates MR or development
delay, dysmorphism, growth defect, and abnormal pedi-
gree and found ten causal rearrangements (detection rate
of 20%).

The second conclusion is that some abnormalities are
recurrent and not very rare.

For most of the cases a genotype-phenotype correlation
was present. Patient 1, with deletion at 1pter had a pheno-
type correlating well with the 1p- syndrome, a now well-
described syndrome and probably the most common ter-
minal deletion syndrome [18-20]. However, it should be
kept in mind that phenotype of these cases are partly
dependent on the deletion size. The same conclusion can
also be drawn for patient 3 with deletion at 2qter.

Patient 4 had deletion of 4pter including the Wolf-Hirsh-
horn syndrome region. This patient's phenotype was rela-

http://www.biomedcentral.com/1471-2350/6/21

tively mild and correlated with some patients previously
described with similar 4p16.3 microdeletions [21,22].
Some patients have been designated Pitt syndrome (Pitt-
Rogers-Danks syndrome, PRDS), but recently it was
argued that Pitt and Wolf-Hirshhorn syndromes represent
phenotypic variations of the same microdeletion [23].

Patient 7 had the  Kkaryotype, 46,XX.ish
der(9)t(9;22)(q34.2;q13.2q13.3)pat. This patient was
monosomic for distal 9q and trisomic for distal 22qter. An
emerging phenotype of patients with distal 9g-deletions
has been suggested, characterized by mental retardation,
hypotonia, microcephaly, synophrys, short nose with
anteverted nares, midface hypoplasia, a tented upper lip
with a large, protruding tongue and sometimes neonatal
teeth. Congenital heart disease and seizures are common
complications [24]. These features were overlapping with
those of the present case. It has also been suggested that
9qter deletions can cause syndromic obesity in children
[24,25], but this was not the case for patient 7. Patient 8
had deletion of 5qter, which was in line with the clinical
suspicion of Sotos syndrome. The NSD1 gene defective in
Sotos syndrome is mapped at 5935, 4.2 Mb from the tel-
omere. Real-time quantitative PCR analysis demonstrated
subsequently that the deletion in the patient comprised
exon 5 of NSD1, confirming the clinical diagnosis. The
deletion in our patient encompasses the subtelomeric
region, the NSD1 gene and potentially further chromo-
somal material towards the centromere. Nagai et al. [26]
observed that patients with a deletion involving the entire
NSD1 gene and several other genes exhibited abnormal
features of the CNS, the cardiovascular and the urinary
systems, while these features were absent in patients with
NSD1 point mutations. In addition to the features of
Sotos syndrome, our patient showed several features con-
sistent with Weaver syndrome [27]. A clear clinical dis-
tinction between these two syndromes is however
difficult, and it is still discussed whether they result from
allelic heterogeneity or are indeed distinct syndromes
[28,29]. Recently, NSD1 mutations have been found in
some cases of Weaver syndrome patients arguing for
allelic heterogeneity [30].

A third conclusion is that a significant proportion of sub-
telomeric abnormalities are due to familial translocations,
which is in accordance with previous studies [31,32]. This
is important for genetic counseling.

In summary our study confirms the diagnostic value of
subtelomeric screening, especially in mentally retarded
subjects with dysmorphic features. A family history is of
additional significance. Finally our study can contribute
to the delineation of syndromes like the 1p- syndrome,
the 2g- syndrome, the 4p- syndrome, the 9q- syndrome
and the 5g- Sotos syndrome.
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