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Further evidence for the involvement of human
chromosome 6p24 in the aetiology of orofacial
clefting

A F Davies, K Imaizumi, G Mirza, R S Stephens, Y Kuroki, M Matsuno, J Ragoussis

Abstract
Chromosomal translocations affecting the
6p24 region have been associated with
orofacial clefting. Here we present a

female patient with cleft palate, severe

growth retardation, developmental delay,
frontal bossing, hypertelorism, anti-
mongoloid slant, bilateral ptosis, flat nasal
bridge, hypoplastic nasal alae, protruding
upper lip, microretrognathia, bilateral,
low set, and posteriorly rotated ears,
bilateral microtia, narrow ear canals,
short neck, and a karyotype of
46,XX,t(6;9) (p24;p23). The translocation
chromosomes were analysed in detail by
FISH and the 6p24 breakpoint was

mapped within 50-500 kb of other break-
points associated with orofacial clefting,
in agreement with the assignment of such
a locus in 6p24. The chromosome 9 trans-
location breakpoint was identified to be
between D9S156 and D9S157 in 9p23-p22,
a region implicated in the 9p deletion syn-
drome.
(7Med Genet 1998;35:857-861)
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Human chromosome 6p has been implicated
in the aetiology of orofacial clefting (OFC) by
both linkage analysis' and by the coincidence of
OFC with chromosomal abnormalities involv-
ing chromosome 6p.2 In the most recent of
these reports, we described two unrelated cases

who presented with multiple congenital abnor-
malities including OFC, which were coincident
with balanced translocations involving break-
points within 6p24. These breakpoints were

investigated by fluorescence in situ hybridisa-
tion (FISH) and were found to be within a

region of the chromosome which was well
characterised using YAC contig data, FISH
mapping, and hybrid mapping data and were

shown to be within 1 Mb ofeach other between
markers D6S410 and D6S470.

In this paper we describe a further unrelated
case with a balanced translocation between
chromosomes 6 and 9 which again involves a

breakpoint at 6p24. This subject, whose karyo-
type was interpreted as 46,XX,t(6;9) (p24;p23),
has multiple congenital abnormalities includ-
ing OFC. Since the 9p23 region has been
implicated in the 9p deletion syndrome,4 we

have characterised both the 6p and 9p
breakpoints by FISH using clones from contigs
mapped to the two regions.

Case report
The proband, a 7 month old girl, was the third
child of a healthy, non-consanguineous couple
aged 30 (mother) and 34 (father) years. The
mother had a history of spontaneous abortion
at 5 months' gestation, but both of the couple's
previous children were healthy and phenotypi-
cally normal. The proband was born at term by
normal delivery and with a birth weight of
3088 g; at 20 days she was diagnosed as having
pyloric stenosis because of frequent vomiting
after feeding and she subsequently underwent
an operation. She was referred at 2 months of
age because ofpoor suckling, poor weight gain,
and a number of minor anomalies which were
noted as follows: frontal bossing, hyperte-
lorism, antimongoloid slant, bilateral ptosis,
flat nasal bridge, hypoplastic nasal alae, pro-
truding upper lip, microretrognathia, cleft pal-
ate, bilateral low set and posteriorly rotated
ears, bilateral microtia, narrow ear canals, and
short neck (fig 1). Radiographic examination
showed a hypoplastic mandible. Her growth
was significantly retarded and her mental
development was severely delayed.
Chromosome analysis of the proband

showed an apparently balanced reciprocal
translocation between chromosomes 6 and 9,
whereas the karyotype of each of her parents
was normal. Therefore, her karyotype was
46,XX,t(6;9)(p24;p23) de novo.

Materials and methods
CELL CULTURE
Cells were obtained as an EBV transformed
lymphoblast cell line. These were cultured at
370C with 5% CO2 in Dulbecco's Modified
Eagles Medium containing 2 mol/l
L-glutamine, 9% fetal calf serum, and 50 ,ug/ml
gentamicin. Chromosome preparations were
obtained by standard cytogenetic techniques.
In brief, actively growing cells were incubated
in the presence of thymidine at 280 jtg/ml for
approximately 18 hours; they were then
washed in fresh medium and left to grow for
five hours before treatment with colcemid, 75
mmol/l KCl, and fixation in 3:1 methanol ace-
tic acid. Metaphase chromosomes were pre-
pared on methanol washed slides and were
then used for fluorescence in situ hybridisation
(FISH) experiments as described below.
A lymphoblastoid cell line is available from

both laboratories on request.

FISH
Cosmid DNA was cultured, prepared, and
purified by standard techniques. YAC clones
were not isolated from endogenous yeast DNA
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Figure 1 The proband. (A) Front miew illustrating
hypertelorism, frontal bossing, antimongoloid slant, bilateral
ptosis,flat nasal bridge, hypoplastic nasal alae, and
protruding upper lip. (B) Side view illustrating low set,
posteriorly rotated ears and microtia.

before FISH; the total yeast DNA was
prepared as described previously.5 PAC DNA
was prepared as recommended by the MRC
HGMP Resource Centre. All clones were
labelled with biotin-14-dATP or digoxigenin-
1 1-dUTP by nick translation (Bio-Nick
Labeling System or Nick Translation
System respectively, BRL Life Technologies,
USA).

In situ hybridisation was performed as
described previously.6 Briefly, probes for each
slide were combined as required (50 ng ofYAC
per slide or 100 ng of cosmid or PAC per slide),
dried down, and suspended in 50% forma-
mide, 1% Tween-20, 20% dextran sulphate

Table 1 Results ofFISH on the der(6) and der(9)

Chromosomal
Clone name location by FISH Signal

der(6)
6K23 6p25.3 -

947_d_4 6p25 -

B19 -

887_h_3 6p24.3/p25 -
808 a 10 6p24.3
826 a 12 6p24.3
886 c 1 6p24.3 +/-
938_d_8 6p24.2 +/-
B2.2 6p24.2
B10.10
F1.6
A9.5
E11.2
G10.5
B11.7 +
C8.7 +
C2.3 +
242F16 +
933_c_3 6p24.2 +
844_h_3 6p23/24 +

der(9)
853_f_4 -

783_h_10 -

912 e 9
806_f_7 -

952g4 -

937_c_8 +

776_f_2 +
795_b-10 +

915-g-3 +
929 g 12 +

along with salmon sperm DNA (100 x w/w)
and Cot-1 DNA (50 x w/w). The probe mixes
were then denatured by heating to 750C for
three minutes, prehybridised for 30 minutes,
and applied to the slides. Hybridisation was
carried out at 370C for 16 hours. Signals from
biotin labelled probes were developed using
alternate layers of avidin-fluorescein-
isothiocyanate (avidin-FITC)I and biotinylated
anti-avidin. Those from digoxigenin labelled
probes were developed with a single layer of
sheep antidigoxigenin conjugated to tetra-
methylrhodamineisothiocyanate (TRITC-
antidigoxigenin) followed by one layer of don-
key antisheep-TRITC. Slides were mounted in
Vectashield antifading medium (Vector Labo-
ratories, USA) containing 80 ng/ml 4',6-
diamidino-2-phenylindole (DAPI) as counter-
stain.

Signals were visualised under a Zeiss
Axioplan microscope equipped with a cooled
charge coupled device (CCD) camera (Photo-
metrics, USA) and Smartcapture image analy-
sis system (Vysis, UK). G banding was
enhanced during image analysis. For the
purposes of clone mapping, all clones were
mapped to specific chromosome bands of nor-
mal male chromosomes by examination of a
minimum of 10 well extended metaphases per
clone. The quality of the banding was
sufficient to allow localisation of clones to pre-
cise bands and sub-bands at the 550 band
level. The mapped clones were then used to
investigate the breakpoints involved in the case
under investigation.

CLONE DETAILS
All chromosome 6p specific YAC clones and
cosmid 6K23 had been previously character-
ised and mapped by FISH.2 The cosmid
clones B2.2, B1O.10, F1.6, A9.5, E11.2,
G10.5, B11.7, C8.7, and C2.3 had been
isolated from the ICRF chromosome 6 specific
cosmid library using YAC 886c1 and mapped
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Figure 2 FISH results on the patient's chromosomes. (A) FISH using YACs 938d8 (green) and 808alO(red). 938d8 is present on chromosome 6,
der(6), and der(9), whereas 808a10 is present only on 6 and der(9). Therefore, 938d8 crosses the translocation breakpoint and 808a10 lies distal to the
breakpoint. (B) FISH using YACs 912e9 (red) and 783hlO (green). Both YACs are located on chromosomes 9 and der(6) indicating that they are
located distal to the chromosome 9 breakpoint. A marker probe (Imagenetics, red) was usedfor the unambigious identification ofchromosome 9.

within 6p24.2 in that order from the telomere
to the centromere (Stephens et al, manuscript
in preparation). In particular, the cosmids
Bi 1.7, C8.7, and C2.3 contain the AP-2 gene.
The PAC clone 242F16 (UK-HGMP-
Resource Centre) was isolated using the
marker D6S470 (E Bentley, unpublished
data). The YAC clones 853_f_4, 783_h_10,
912_e_9, 806_f_7, 953g4, 937_c_8,
776_f 2, 795_b_10, and 929g12 were
mapped previously to chromosome 9p by the
Whitehead Institute.'0 All clones were reported
to map in the 9p23-p22 region and contain the
following genetic markers: 853_f 4-D9S289
(17 cM), 783_h_10-D9S267 (25 cM),
806 f 7-D9S1869 (26 cM) and D9S274 (28
cM), 912_e_9-D9S274 (28 cM), 953-g-4-
D9S156 (30 cM), 937_c_8-D9S157 (32 cM),
776 f 2 and 795_b_10-D9S162 (33 cM),
929_g_12-D9S171 (42 cM).

Results
MAPPING OF THE TRANSLOCATION BREAKPOINT
ON 6p
The translocation breakpoint in 6p24 was
determined by using a selection of probes cov-
ering 6p23-pter and FISH. Thus all clones
mapping to 6p24.3 and 6p25 were present on
the derivative 9 chromosome, while probes
located within 6p24.2 to 6p23 were present on
the derivative 6 (table 1, fig 2A). Signals from
the overlapping YACs 886cl and 938d8 were
found on both derivative chromosomes indi-
cating that the breakpoint is located within the
segment of overlap of these clones (table 1, fig
2A, fig 3).

Further fine localisation was performed by
using bacterial clones that had previously been
mapped along YAC clone 886cl (Stephens et
al, manuscript in preparation). Eight cosmids
and one PAC clone containing the marker
D6S470 were used (fig 3). The 1600 kb long

YAC clone 886cl can be subdivided into two
intervals: the distal 800 kb that contains YAC
clone 808alO and the two translocation break-
points reported in Davies et af and the
proximal 800 kb interval that overlaps with the
YAC 938d8 (fig 3). This latter region contains
the markers D6S470 and AP-2. All cosmids
derived from the distal 800 kb interval were
present on the derivative 9 chromosome, while
the probes covering the proximal interval were
found on the derivative 6 (table 1, fig 3). The
breakpoint was localised between cosmids
G10.5 and PAC 242F16, centromeric of the
two previously reported breakpoints at an
approximate distance of 50-500 kb from the
nearest breakpoint. Therefore all three break-
points are contained within an 800 kb interval
on YAC 886cl (fig 3).

MAPPING OF THE TRANSLOCATION BREAKPOINT

ON 9p
Since the chromosome 9 breakpoint was deter-
mined cytogenetically to lie at 9p23, YAC
clones reported to contain markers localised in
the 9p23-p22 interval were used to confirm the
position of the breakpoint and investigate its
position compared to 9p23 deletion
breakpoints.8 Ten clones were used containing
markers mapped at a genetic distance of 17 cM
to 42 cM from the telomere of 9p (table 1, fig
2B, fig 3). Of these, five clones containing
markers at 17 cM (D9S286) to 30 cM
(D9S156) were present on the derivative chro-
mosome 6, while the YAC clones containing
markers at 32 cM (D9S157) to 42 cM
(D9S171) were located on the derivative 9.
These data assign the breakpoint to a position
between 30 and 32 cM from the telomere on
chromosome 9p, within the 9p23-p22 region
(fig 3).
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Figure 3 Map of the 6p24 region (left) showing markers and distances (above), YAC, PAC, and cosmid clones (below). The translocation breakpoints are
indicated by arrows. To the right a schematic diagram of the 9p23-p22 region is shown. YAC clones are represented by vertical bars (left) and markers are
shown to the right. The arrow indicates the position of the breakpoint.

Discussion
The case described here presented with multi-
ple craniofacial anomalies, most of which are

consistent with the 6p deletion syndrome, such
as microretrognathia, frontal bossing, hyperte-
lorism, flat, broad nasal bridge, low set ears,

and developmental delay.101' Cleft palate is
consistent with the phenotype of other 6p24
translocation cases described.2 'However, con-

genital malformations and developmental
delay are associated with orofacial clefting and
in particular with 22% of non-syndromic
isolated cleft palate in a recent study.'2
Therefore it is possible that the largest part of
the phenotypic spectrum of this case is caused
by one locus affected by the translocation.
The detailed investigation by FISH using

well characterised probes allowed the direct
comparison with other cases; in particular the
use of YACs containing genetic markers for
chromosome 9 has enabled a direct compari-
son to cases presented recently.8
The chromosome 6 breakpoint is located in

a region 50-500 kb proximal to the breakpoints
of cases 1 and 3 described in Davies et al' and
at least 200 kb distal to the AP-2 gene. No
deletions at cosmid clone level were observed
in any of the three cases. Therefore, either a

single gene spanning a large interval is
disrupted by the translocations or its expres-
sion is altered because ofposition effects, as for
example in Rieger syndrome translocations
and RIEG.13 It is also possible that position
effects involve the nearby AP-2 gene. Interest-
ingly, 4% ofthe otherwise healthy heterozygous
AP-2 knock out mice present with

micrognathia,"4 which is part of the patient's
phenotype.
The 9p breakpoint maps in the region

between D9S156 and D9S157 in 9p23-p22,
which is part of a segment with a high
incidence of breakpoints. Although the patient
does not have the typical characteristics of the
9p deletion syndrome, such as trigonocephaly,
midface hypoplasia, upward slanting palpebral
fissures, long philtrum, and mental retardation,
she does share the latter and other unspecific
9p deletion findings like short nasal alae,
narrow ear canals, and low set, posteriorly
rotated ears. Therefore it is conceivable that
genes (or a gene) on 9p are disrupted by the
translocation and contribute(s) to the com-
plexity of the phenotype.
An additional interesting aspect of the 6;9

translocation is that both breakpoints are
located within regions that are frequently
involved in translocations or deletions of the
respective chromosome.2 8 11 The presence of
repeat sequences has been implicated in such
phenomena as shown in chromosomal dele-
tions causing Prader-Willi or Angelman
syndrome.'5 The molecular characterisation of
the breakpoints described here may lead to an
understanding of the mechanism involved in
the translocation, as well as the identification of
genes playing a role in craniofacial develop-
ment.

The first two authors contributed equally to this work. We
would like to thank Elizabeth Bentley for technical assistance.
The work was supported by the Guy's Hospital Special Trustees
and MRC G 9533412 grants.
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