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Cryptic subtelomeric 6p deletion in a girl with
congenital malformations and severe language
impairment
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Several cases with microscopically visible, terminal 6p deletions have been described, and a distinct
clinical phenotype has emerged, including developmental delay, congenital heart malformations, ocular
abnormalities, hearing loss and a characteristic facial appearance. We report a patient with a
submicroscopic 6p deletion, detected by subtelomeric screening using fluorescence in situ hybridisation.
This girl presented with typical facial dysmorphic features, hearing impairment, malformation of the
anterior eye segment, an ASD and severe language impairment. However, her cognitive functions were
within the normal range. Detailed FISH analysis with 20 BAC probes covering the distal 6p25 region
estimated the size of the terminal deletion to 2.1 Mb, and thus this case narrows down the critical region
for the 6p phenotype. The forkhead transcription factor gene FOXC1, involved in a spectrum of anterior
eye chamber disorders, is deleted in this patient, together with several characterised and putative genes
with yet unknown function.
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Introduction
Several cases with microscopically visible deletions of the

short arm of chromosome 6 have been reported1 – 3 and

distinct clinical phenotypes have emerged. The deletions

can be grouped into two separate categories: terminal dele-

tions with breakpoints within the 6p24-pter region, and

interstitial deletions with breakpoints within the 6p22-p24

region.3 The terminal deletions do not seem to overlap with

the region of the interstitial deletions, and the clinical

phenotypes differ significantly. Short neck, hand abnormal-

ities, structural eye abnormalities, brain, kidney and heart

defects are commonly associated with the interstitial dele-

tions, and defects of the anterior eye-chamber

development, hearing loss, heart malformations, hyper-

telorism, mid-face hypoplasia and low set ears are found

among the terminal deletions. Developmental delay has

been described in all cases.

Cryptic rearrangements of the subtelomeric regions are

detected in a significant proportion of cases with idio-

pathic mental retardation,4 and with the possibility to

screen all subtelomeric regions with fluorescence in situ

hybridisation (FISH), a number of cases with cryptic rear-

rangements involving the subtelomeric regions has been

described.

We here report a patient with a 2.1 Mb subtelomeric

deletion of 6p. This is the smallest 6p deletion hitherto

reported, and this case narrows down the critical region

and identifies potential candidate genes for the terminal

6p deletion phenotype. Furthermore, the language

impairment present in this case implies the presence of

a gene important for speech development in the deleted

region.
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Materials and methods
Case report

This girl was the second of three children born to healthy,

unrelated parents. She had an older healthy sister, and a

younger sister was recently born. The father had a paternal

cousin with Prader-Willi syndrome, but there were no other

cases with developmental delay or malformations in the

family history. The pregnancy and delivery was uneventful

(GA 40 weeks, BW 4300 g, BL 53 cm, HC 36.6 cm). An ASD

was diagnosed in the neonatal period, and resulted in feed-

ing difficulties and growth retardation. Cardiac surgery was

performed at 18 months and after the operation, feeding

normalised and she had a good catch-up in growth (71

SD for length and weight). The motor development had

been delayed, and the girl started to walk at age 2 years.

However, at 4 years and 9 months of age her motor func-

tions were within the normal range. During the first years

of life she had repeated upper airway and ear infections,

and an obvious delay in speech development was noticed

at age 2 years. Repeated audiometry showed a conductive

hearing defect on the right side (70 dB) and values within

the normal range on the left side. Language evaluation

disclosed a moderate to severe semantic, pragmatic

language impairment, in particular in understanding

phrases and concepts and difficulties in explaining and

relating. She had no articulation problems but difficulties

in the social interaction of speech and a lack in eye contact.

Her psychological functions were tested with the Leiter-R

scale at age 4 years and 9 months, and her results were aver-

age with the best results in visual tasks. She had a

convergent squint, hyperopia (+6 dioptres), a deep anterior

chamber and goniodysgenesis in combination with a

normal intra-ocular pressure. Several dysmorphic features

were present (Figure 1): hypertelorism, long, downward

slanting palpebral fissures, bilateral epicantus, flat and

broad base of the nose, short nose with upturned tip, long

smooth philtrum, thin upper-lip without a cupid bow,

down turned corners of the mouth, low set ears, prominent

and cone-shaped canine teeth (both upper and lower jaw)

and short fingers and toes.

Conventional chromosome analysis (450 band resolu-

tion) was performed, but revealed no abnormalities.

Cytogenetic studies

Metaphase slides were prepared from lymphocyte cultures

of peripheral blood. Chromosome analysis was performed

according to routine procedures using GTG-banding.

Fluorescence in situ hybridisation (FISH)

The ToTelVysion subtelomeric screening kit (Vysis, Downers

Grove, IL, USA) was used to screen the subtelomeric

regions. The test included 41 subtelomeric probes estimated

to be within 300 kb from the telomere. The manufacturer’s

protocol was used with some modifications.

BAC-probes covering 6p25 were selected from Resources

for Molecular Cytogenetics, BARI (www.biologia.uniba.it/

rmc/) and The Sanger Centre (www.sanger.ac.uk). Bacterial

cultures and DNA isolation were performed according to a

miniprep protocol. Probes were labelled with FITC by nick

translation, and FISH-analyses were performed according

to a standard protocol.

The slides were analysed in a Zeiss Axioscope II fluor-

escence microscope (Zeiss, Göttingen, Germany) and

images captured by a cooled CCD camera (Sensys Photome-

trix, München, Germany) and the software SmartCapture

(Digital Scientific Ltd, Cambridge, UK). Inverted DAPI stain-

ing was used for chromosome identification during FISH

analysis.

Results
The subtelomeric screening disclosed an isolated deletion of

chromosome 6p. Repeated chromosome analysis with high

resolution (600 band) could not reveal the deletion. FISH

with a subtelomeric 6p probe (TelVysion 6p, Vysis) was

normal in both parents, thus the deletion was de novo.

The mother was 13 weeks pregnant at the time of investiga-

tion and prenatal chromosome and FISH-analyses were

performed, both with normal results.

In order to determine the size and confirm the terminal

location of the deletion, the hybridisation patterns of 20

BAC clones from distal 6p25 were evaluated. The results

from nine clones located within 4 Mb of the telomere are

summarised in Figure 2. The breakpoint was located

between the contiguous clones 279I9 (deleted) and 82M9

(not deleted), and the size of the deletion was estimated

to 2.1 Mb (Ensembl Human Contig View, www.ensembl.

org/).

Discussion
The clinical phenotype in terminal 6p deletions is well

described, and most of the symptoms are present in this

case, although this deletion is smaller than those previously

reported. Knight et al. reported a case with a 6p deletion

estimated to 6.4 – 8.6 cM, but did not include clinical data

beside mental retardation.4 Davies et al.3 compared the clin-
Figure 1 Facial appearance of the patient at age 4 years and 9
months.
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ical phenotype and mapped three terminal 6p deletions.

The smallest deletion, estimated to 4.8 – 6.7 Mb, could be

detected with high-resolution chromosome analysis. That

case, earlier reported by Law et al.,5 suggested a more speci-

fic distal 6p deletion phenotype, including characteristic

facies with hypertelorism, a down-turned tented mouth,

anterior chamber malformation of the eye, progressive

sensineuronal deafness, cardiac defects and speech and

motor delay. Our case with a 2.1 Mb distal deletion

confirms this phenotype, and further narrows down the

critical region for the genes involved.

The deletion encompasses two forkhead/winged helix

(FOX) genes, FOXC1 and FOXF2. FOX-genes constitute a

family of transcription factors, named by their characteris-

tic DNA-binding domain. This group of genes have turned

out to play an important role in embryonic development

of different tissues and the establishment of the body axis

and midline structures.6,7 A correct gene dosage of FOX-

genes seems important for embryologic development8,9

and mutations in FOX-genes have been found in human

developmental disorders such as FOXE1 (thyroid agenesis,

cleft palate and choanal atresia10), FOXC2 (hereditary

lymphoedema-distichiasis syndrome11) and FOXL2

(BPES12).

Consistent findings in terminal 6p deletions are abnorm-

alities of the anterior chamber of the eye. Furthermore,

several clinically related disorders of anterior-segment

formation have been mapped to the IRID1 (OMIM

601631) locus in 6p25.13 In addition, chromosome aberra-

tions including 6p25 have been reported together with

anterior segment malformations and additional clinical

findings.1,3,14 The FOX-gene FOXC1 is located in the critical

IRID1 region and deleted in our patient, and mutations in

this gene have been found in familial and isolated cases

with anterior chamber anomalies. However, not all families

with anterior chamber defects mapped to 6p25 have muta-

tions in the FOXC1 gene, which implies the presence of

other genes involved in eye development in the region.

In contrast to most previously reported terminal 6p dele-

tion cases, our case does not have mental retardation, but

she has a severe language impairment and difficulties in

social interaction. This suggests that a gene involved in the

development of speech and reciprocity of interaction could

be located in the deleted region. The first gene involved in

speech development was recently identified as a FOX-gene,

FOXP2.15 Mutations in this gene were found in the family

KE,16 a family in which abnormalities in articulation and

language processing segregates as a dominant trait, and in

addition the gene was found to be disrupted in a transloca-

tion patient with a similar speech defect.

FOXF2 is located distal to FOXC1 and constitutes a candi-

date gene for the second IRID1 locus. In two different

families with duplications of 6p25 containing both genes,

iris hypoplasia has been found, and a proper gene dosage

of both FOXC1 and FOXF2 seems important for normal

eye development.8 The mouse homologue of FOXF2 is

expressed in mesenchymal tissues, central nervous system,

eye, ear and limb buds during embryogenesis, implying a

possible role in the normal development of the eye, ear

and nervous system.17 FOXF2 is deleted in our patient

and constitutes a candidate gene, not only for normal eye

development, but also for normal speech development.

Figure 2 Mapping of the 6p deletion. The picture summarises the FISH analysis with BAC probes and shows the localisation of
the characterised genes in the region. Genes are shown as horizontal bars (top). Deleted BAC clones are pictured striped and
present BAC clones in black. The vertical arrow indicates the deletion breakpoint. Location of BAC’s and genes are according to
Ensembl Human Contig View.
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In addition, three other cloned genes and several puta-

tive genes are deleted in the present case. IRF4 codes for a

transcription factor involved in the transcriptional regula-

tion of interferon and interferon stimulated genes and is

highly expressed in spleen and peripheral blood lympho-

cytes.18 The gene FLJ11026, similar to rat rsec, is

suggested to have a role in secretory vesicle function.

MKPX, mitogen activated protein kinas phosphatase X, is

a member of a family of kinase phosphatase genes, thought

to play a role in the regulation of diverse cellular processes

such as proliferation, differentiation and apoptosis through

MAP kinases.19 The function of the characterised and the

putative genes in the deleted region in developmental

processes and disease genesis need further elucidation in

order to understand the evolution of the 6p deletion

phenotype.

To the best of our knowledge, this is the hitherto smallest

terminal 6p deletion reported. Still, in most aspects, the

phenotype is concordant to the one found in cases with

larger deletions, thus narrowing down the critical region

for the localisation of the responsible genes. Several cloned

and putative genes are deleted in our patient, and therefore

constitute candidate genes for the diverse findings found in

the patients with terminal 6p deletions. Hopefully, future

analysis of these genes will give us further knowledge of

the genetic influence on speech development and social

interaction, hearing impairment and the different malfor-

mations seen in the terminal 6p deletion syndrome.
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