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Characterisation of X; 17(q 12;p 13) 
Translocation Breakpoints 
in a Female Patient with 
Hypomelanosis of Ito and 
Choroid Plexus Papilloma 

Abstract 
An X; 17 translocation breakpoint was characterised in a 5-year-old female 
with hypomelanosis of Ito (HI) who exhibits characteristic hypopigmented 
lesions, psychomotor retardation, and choroid plexus papilloma. A Y AC clone 
containing the locus DXS1 from Xq12 was found by fluorescence in situ 
hybridisation to cross the translocation breakpoint. Cosmid clones positive for 
DXS1 were used to identify and clone the translocation junction fragment 
from the patient's DNA. A chromosome-17-specific DNA fragment was iso
lated and used to identify cosmid clones crossing the translocation from chro
mosome 17p 13. Exon trapping identified two known genes from chromosome 
17: FMR1L2 (the fragile X mental retardation syndrome like protein 2) and 
SHBG (human sex hormone-binding globulin). Mapping the FMR1L2 and 
SHBG genes showed that neither gene was disrupted by the translocation. 

Hypomelanosis of Ito (HI) is a sporadic multisystem 
disorder of heterogeneous aetiology which commonly 
shows hypopigmentation of the skin along the lines of 
Blaschko, in many cases associated with abnormalities of 
the central nervous system, eyes, hair and musculoskeletal 
system. Phenotypically there is overlap between sporadic 
incontinentia pigmenti (lP) cases and HI although the IP 
locus segregating in families seems to be phenotypically 
distinct and maps by linkage to Xq28 [1]. Every described 
HI case exhibits a balanced X;autosome translocation 
with breakpoints in the pericentromeric region ofXp21.1-
q 13. In a few sporadic cases described as IP (which is most 

likely the same phenotype as HI) there is evidence for a 
common cytogenetic breakpoint in Xp11 [for a review, 
see ref. 2]. The heterogeneity of the translocation break
points mapping in Xp21.1-q13 may explain the clinical 
heterogeneity of associated findings in HI. It also con
firms that it is unlikely that the interruption of a single 
locus by the breakpoint on the X chromosome is a basic 
mechanism ofthis disease [2]. 

The autosomal breakpoints in HIIIP cases involve 
chromosomes 5, 9, 10, 13, 14,22 as described elsewhere 
[3-10] with two cases on chromosome 17 [11, 12]. How
ever, in the case of the X; 17 translocation originally 
reported by Hodgson et al. [12] there is evidence against a 
direct locus interruption since the breakpoints are thOUght 

KARGER 
E-Mail karger@karger.ch 
Fax + 41613061234 
http://www.karger.ch 

© 1997 S. Karger AG, Basel 
1018-4813/97/0052-0061$12.00/0 

This article is also accessible online at: 
http://BioMedNet.com/karger 

Anthony P. Monaco 
Wellcome Trust Centre for Human Genetics 
University of Oxford, Windmill Road 
Oxford OX3 7BN (UK) 
Tel. +441865740019, Fax +441865742186, E-Mail: anthony.monaco@well.ox.ac.uk 



to be in alpha satellite DNA [13]. The cytogenetic analysis 
of Hodgson et al. [12] and Steichen-Gersdorf et al. [11] 
has shown the chromosome 17 breakpoints to be distinct 
and a single locus on chromosome 17 giving rise to HI is 
not very likely. The translocation breakpoint reported on 
the short arm of chromosome 17 (17pI3) by Steichen
Gersdorf et al. [11] is in a region harbouring the p53 
tumour suppressor gene. Mutation or interruption in p53 
are the most common tumour-specific genetic changes 
seen in many different types of cancer [14, 15]. The break
point described in this region must also be near the 
FMRIL2 gene since p53 and FMRIL2 both map to the 
same radiation hybrid [16]. 

The hypothesis suggested by Hatchwell [2] argues that 
the HI phenotype in constitutional X;autosome transloca
tions results not from the interruption of specific X -linked 
genes but from the presence of mosaic functional disomy 
of X sequences above the breakpoint. In this paper we 
isolated the translocation breakpoint in an HI patient 
with (X;17)(qI3;p13) translocation and choroid plexus 
papilloma [11] and searched for known genes localized in 
the breakpoint regions mostly to find genes possibly 
implicated in the patient's brain tumour and other inde
pendent brain tumours. The same translocation was de
tected in both the DNA from the patient's brain tumour 
and peripheral blood lymphocytes and was classified as 
constitutional. 

Materials and Methods 

Patient Material 
Peripheral blood lymphocytes from the patient with HI and chor

oid plexus papilloma [11] were immortalised by Epstein-Barr virus 
(EBV) transformation. The established lymphoblastoid cell line was 
used for DNA extraction and fluorescence in situ hybridisation 
(FISH) experiments. 

In situ Hybridisation 
FISH of cosmids and Y ACs to normal and patient metaphase 

spreads were performed essentially as described [17, 18]. Usually, 
1 ~g of Y AC and cosmid DNA was labelled by the BRL Bionick Kit 
at 16°C for 1 h (cosmids) and 1 h 30 min (YACs). Biotin-labelled 
probes were purified through Select B columns (Pharmacia). Hybrid
isation to metaphase spreads proceeded at 37°C for 1 day (cosmids) 
or for 3 days (YACs). Detection was carried out at 37 ° C with FITC
conjugated avidin and the signals were amplified with one additional 
layer of biotinylated goat anti-avidin, followed by an avidin-FITC 
layer. Chromosomes were counter-stained with propidium iodide in 
antifade medium (Vector). Metaphases were examined on a Nikon 
Optiphot microscope and visualised with an MRC 1000 Confocal 
Imaging System (BioRad). Comos software was used to capture and 
analyse images. 
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YA C and Cosmid Clones 
YACs, including YAC 4849 (lCRFy900AOI103) positive by hy

bridisation with the DXSI probe, were isolated from the ICRF 
human YAC Reference library [19] and CEPH I library [20]. Cos
mids A07109 (lCRFc104A07109) and E05106 (ICRFc104E05106) 
were identified from the ICRF chromosome X specific library filters 
by hybridisation with the DXSI probe. Primers for PCR amplifica
tion ofa 179-bp STS for the DXSI marker were: DXSI-R TTTGGT
AAGACACTTGGGTGC; DXSI-F TTTGAGAGTGGAAACCA
CACC. 

PACs (RPCI-l 151.1.10; RPCI-I 59.L.13) were identified by 
hybridisation screening of the human PAC library [21] using the 
DXSI STS. Cosmids H06119 (ICRFcl05H06119D1), D10164 
(lCRFc105D10164D1) and G114 (lCRFc105G114D1) were identi
fied by screening of the ICRF chromosome 17 cosmid library with 
the 1.2-kb BamHI/EcoRI fragment isolated from the cloned translo
cation junction fragment. 

Subcloning 0/ Cosmids 
Cosmids A07109 and E05106 were digested separately with 

BamHI and £CoRI, ligated into BamHI and EcoRI digested and 
dephosphorylated pBluescript (Stratagene) and transformed into 
DH5a competent cells. Recombinants were isolated and digested 
DNA was probed sequentially by hybridisation with total human 
DNA, a LINE specific probe, pLawrist cosmid vector probe and the 
DXSI STS probe. EcoRI subclone E-B6 was found to be positive 
with the DXSI STS and was then subjected to double digestion with 
EcoRI and BamHI, HindIlI, PstI or XbaI. Unique fragments E-B6 
frO and E-B6 frl were selected as probes as they were negative for 
total human DNA and LINE probes. 

Isolation and Characterisation o/the Translocation Junction 
Fragment 
A genomic phage library was prepared from complete EcoRI 

digests of patient DNA ligated into EcoRI digested EMBL 4 vector 
DNA (Stratagene). According to the Stratagene protocol, in vitro 
packaging was performed using freeze-thaw lysate and sonic extract 
(Gigapack II XL, Stratagene). 500,000 recombinants of the phage 
library were plated on XLl-MR(P2) host strain and filter lifts were 
prepared on Hybond-N+ membranes (Amersham), according to the 
manufacturer's protocol. The phage library filters were hybridised 
with a mixture of the probes DXSI STS, E-B6 frO and E-B6 fr1. Four 
positive phage clones were purified, digested with EcoRI and ligated 
into EcoRI-digested and dephosphorylated pBluescript and trans
formed into DH5a-competent cells. 

Positive phage clone 3.1.9, bearing the 4.0 kb normal fragment 
and 4.1.4, bearing the 5.2 kb translocation junction fragment were 
ligated into EcoRI digested and dephosphorylated pBluescript and 
transformed into DH5a-competent cells. Recombinants were di
gested and hybridised with E-B6 fr.O, E-B6 fr.l and DXSI probes. 
Two subclones from 3.1.9 and 4.1.4 were subjected to double diges
tion with EcoRI and BamHI, HindIlI, PstI, Sad or Sadl to construct 
a restriction map. 

Exon Amplification 
Cosmids A07109, E05105 and PACs 151.1.10, 59.L.13 bearing 

human sequences adjacent to the translocation breakpoint Xq 12 and 
cosmids H06119, D10l64, Gll4 bearing human sequences close to 
the breakpoint in 17p13 were double digested with BamHI and BglII 
and ligated into BamHI digested pSPL3b-CAM dephosphorylated 
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vector (Integrated Genetics). The ligation reaction was transformed 
into Escherichia coli D H5a host, larger aliquots of each transformation 
were plated on selective medium and colonies were subsequently 
pooled for plasmid DNA isolation. COS7 cells were propagated in 
DMEM medium supplemented with 10% fetal calf serum (FCS). For 
transformation, COS7 cells were grown to 85% confluence, trypsin
ised, collected by centrifugation and after washing resuspended in ice
cold PBS to have 4 x 106 cells for one electroporation. For electropora
tion, cells in cuvettes were mixed with Illg of plasmid DNA and elec
troporated (1.2 kV; 3 kV/cm; 25 IlF). After 10 min, the cells were 
transferred to a tissue culture dish, containing prewarmed DMEM and 
10% FCS. Cytoplasmic RNA was isolated 72 h after transfection and 
first-strand cDNA synthesis was performed with 5 Ilg of each RNA, 
SA2 primer [22),5 x 1st strand buffer, dNTP (1111 of 10 mM stock), 
Superscript RT (200 U; 1 Ill). The mixture was incubated 1 hat 37 °C, 
heated at 55 ° C 5 min and the entire cDNA synthesis reaction was then 
converted to double-stranded DNA by PCR reaction using SA2 and 
SD6 primers [22). To eliminate vector-only splice products and false
positive products, 50 U of BstXI (New England Biolabs) was added 
and incubated overnight at 55 ° C. 10 III of the digest was used in the 
secondary PCR amplification with SA4 and SD2 primers [22). PCR 
products were analysed, cloned into DH5a-competent cells. Plasmid 
DNA from the colonies was isolated and after PCR reaction using the 
SA4 and SD2 primers, products were analysed on a 2 % agarose gel. 
PCR products of interest were sequenced using the dideoxy chain ter
mination method or by automated T AQ FS cycle sequencing on the 
AB! 373 DNA Sequencer (Applied Biosystems). Obtained exon 
sequences were analysed and compared with the non-redundant 
nucleotide and protein database and EST database using the BLASTN 
and BLASTX programs on the NCB! server. 

Physical Mapping of the Cosmids H06119 and D 10 164 
1 Ilg of cosmid DNA was digested with HindIII (H), EcoRI (R) 

and BamHI (B) in the following combinations: H; H+R; B; B+R; R; 
H+B+R, transferred onto Hybond N+ membrane (Amersham) and 
hybridised with PCR products ofFMRlL2 gene, using primers: 
FMRIL2-1 FTCTACAAGGGCTTTGTGAAGGATG; 

(301-324) 
FMRIL2-1 RAGGTGGCATCACAGGCAGCATATT; 

(564-541) 
FMRIL2-2 F GGAAGATGAATCAAGACCTCAACG; 

(1955-1978) 
FMRIL2-2 RAAACCCCATTCACCATACTACCCA; 

(2244-2221 ) 
and cDNAs 108234 5' and 3' (GenBankID T70769 and T69784), 
158456 5' (GenBankID H27109). For detection of SHBG gene 
(GenBankID M31651) PCR products amplified with these primers 
were used: 

SHBG-l F AGATACCCCGCGGTTCAAAGGC; 
SHBG-l R CTGAGACAGGAGGATCGCTTGA; 
SHBG-2 F T AAGAA TGACTGGTTTATGCTG; 
SHBG-2 R CTAGTACTATAGTGGAAAGAAC; 
SHBG-3 F CTTCAGCTGAAGCTGAGTATGT; 
SHBG-3 R ACTTTTCCACTCCTCCAACCTG. 
The probes for detection of the junction fragment were 1.2-kb 

EcoRIIBamHI junction fragment representing the part of chromo
some 17- and 265-bp PCR product generated from this fragment 
using primers: 

4.1.4 F AGTGATAACAGAAATAATTATCTG; 
4.1.4 R GGATTACACGGTGAGCCGCCGCAC. 
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Fig. 1. Y ACs and cosmids with appropriate markers covering the 
region Xq 12-q 13 used in the FISH analysis. Y AC 4849 contains the 
marker DXSI and the translocation breakpoint. 

Results 

Localising the Translocation Breakpoint by FISH 
Approximately 30 different YACs and cosmids cover

ing different regions in Xq 12-q 13 were analysed by FISH 
(fig. 1). Sizes of the YACs ranged from 200 to 1,100 kb, 
and were estimated by pulsed-field gel electrophoresis and 
hybridisation with total human DNA probe. FISH analy
sis of Y AC 4849 (1,000 kb) indicated that this clone was 
non-chimaeric and consistent signals were seen on the 
patient's metaphase spreads at Xq12 on both normal and 
der(X) chromosomes as well as the der( 1 7) chromosome 
(fig. 2). This observation confirmed that Y AC 4849 
crossed the translocation breakpoint and this Y AC was 
used to further refine the location of the breakpoint. YAC 
4849 was positive for the DXS I locus and DXS I was used 
as a probe to screen the ICRF X chromosome cosmid 
library. Six positive cosmids were identified and verified 
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Fig. 2. Detection ofthe X; 17 translocation on metaphase chromosome spreads from the patient's lymphocytes by 
FISH analysis using: YAC 4849 covering the Xq12 region and positive for DXS1; three hybridisation sites were 
observed (A) and confirmation by sequential hybridisation with an X chromosome paint (Cambio) that YAC 4849 
hybridises to the normal X and the two translocation products (8). 

using Southern blot analysis, from which A07109 and 
E05106 were selected for FISH analysis. Both cosmids 
showed signals at Xq12 on normal X and der(X) chromo
somes as well as on the der(17) chromosome, indicating 
that these cosmids crossed the X chromosome transloca
tion breakpoint (data not shown). 

Detection of the Translocation Junction Fragment 
The cosmids A07109 and E05106 were digested with 

EeoR! and BamHI and subcloned into pBluescript. Forty 
recombinant clones from both ligations were analysed to 
search for unique fragments for Southern blot analysis. 
One subclone (E-B6) was found to hybridise with the 
DXSI probe. Two unique sub fragments (E-B6 frO and 
E-B6 frl) identified an altered sized restriction fragment 
on Southern blots of EeoRI-digested DNA from the 
patient (fig. 3). To exclude this altered 5.2-kb fragment in 
the patient as an EeoRI polymorphism, twenty different 
human samples were tested and all showed only the 4.0-
kb EeoRI fragment (data not shown). Junction fragments 
were also identified with PstI, HindIII, BglII and Bell 
digests of the patient's DNA (fig. 3) eliminating the possi-
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bility that the additional fragments were due to restriction 
fragment length polymorphism. 

The two unique subfragments (E-B6 frO and E-B6 frl) 
were used to isolate the translocation junction fragment 
by screening a complete EeoRI digest genomic phage 
library constructed from the patient's DNA. Four strongly 
hybridising phage clones were identified, and after diges
tion with EeoR!, two clones had the normal 4.0-kb frag
ment and two clones contained the 5.2-kb junction frag
ment. All four phage clones were subcloned into pBlue
script and clones 3.1.9, containing the normal fragment 
and 4.1.4, bearing the translocation junction fragment 
were mapped by restriction enzyme digestion and hybrid
isation of the probes E-B6 frO, E-B6 frl and DXSI (fig. 4). 
The resulting restriction map shows that there was a new 
Sad site generated in the junction fragment clone 4.1.4 
indicating that the translocation breakpoint is localised 
between the HindUI and Sad sites. After EeoRI and 
BamHI digestion, a 1.2-kb fragment is present that is spe
cific to the 5.2-kb translocation junction fragment (4.1.4) 
and is not present in the normal 4.0-kb fragment (3.1.9). 
This 1.2-kb fragment (JF clone 1.2), therefore represents 
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BamHI EeoRI Pstl Hindlll B9111 Bell 

PN PN PN PNPN PN 

kb 

6.6 

4.4 

2.3 

2.0 

Fig. 3. Hybridisation of X chromosome DNA probes E-B6 frO 
and frl to a Southern blot of control (N) and patient (P) DNA 
digested with BamHI, EcoRI, PstI, HindIII, BgnI, BellI. Only a sin
gle restriction fragment is identified in normal DNA lanes (N) while 
two hybridising fragments are seen in each lane with patient DNA (P) 
except with BamHI. 

chromosome-17 -specific DNA from the other side of the 
translocation and was used as a probe to screen the ICRF 
chromosome 17 cosmid library. Three cosmids, H06119, 
D 1 0 164 and G 114, containing this fragment were identi
fied. The cosmids were shown to map to 17p 13 by FISH 
analysis on normal metaphase chromosomes (data not 
shown) and were analysed further. 

Identification o/Genes Close to the Translocation 
Breakpoint 
Two cosmids and two PACs from Xq12 and three cos

mid clones from 17p13 localised on both sides of the 
translocation breakpoint were analysed for coding se
quences by exon amplification [22]. Around 100 exon 
trap clones, containing inserts larger then 175 bp (vector 
splice product), were isolated. From these, 33 unique 
clones were identified and sequenced and all mapped 
back by hybridisation to the input genomic clones. The 
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Nortnal fragment (clone 3.1.9) 
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E 

Fig. 4. Restriction map as determined by complete digestion with 
EcoRI (E), HindIII (H), BamHI (B), Sad (S), and PstI (P). The upper 
section shows the restriction map of the 4.0-kb EeoRI fragment 
(clone 3.1.9) from the normal chromosome X; middle section shows 
the map ofthe 5.2-kb EeoRI fragment (clone 4.1.4) from the junction 
fragment containing sequences from both sides ofthe X; 17 transloca
tion breakpoint. The lowest section localises the position ofE-B6 frO, 
E-B6 f1 and DXSI probes, which were used for identification of the 
normal and translocation junction fragments. 

sequences were analysed on the NCB I server using both 
BLASTN and BLASTX searches of the nucleotide (in
cluding ESTs) and protein databases. 

The sequences of exons 17-2-23 and 17-2-20 were 
identical with the 51-end of FMRIL2 (human fragile X 
mental retardation syndrome like protein 2) gene and the 
sequence of exon 17-2-27 was identical with the 3/-end of 
the FMRIL2 gene. Using these exons and representative 
EST cDNA clones 108234 and 158456 as probes, the 
FMRIL2 gene was found to be localised on cosmid 
H06119 (fig. 5). Exon 17-1-1 was completely homologous 
with the 51-end of SHBG (human sex hormone-binding 
globulin) gene and exon 17-2-3 with the 3/-end of this 
gene. Hybridisation of exon 17-1-1 and 17-2-3 probes to 
digested cosmids confirmed the localisation of the SHBG 
gene within cosmids D10164 and G114 (fig. 5). Both 
genes were identified by exon trapping on cosmids cloned 
from chromosome 17. Both of these genes have cytogenet-
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Fig. 5. Restriction map of the cosmids 
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taining the translocation junction fragment. 
A Hybridisation of EeoRIIBamHI digested 
cosmids H06119, G114 and D10164 to a 
1.2-kb EeaRI/ BamHI probe (clone 1.2) from 
the cloned junction fragment. B Physical 
map of cosmids H06119 and D10164. Par
tial restriction digest maps of HindIII (H), 
and BamHI (B) are shown. Position of 
FMRIL2 (5' and 3' ends indicated) and 
SHBG genes is shown related to localisation 
of the translocation junction fragment (JF 
clone 1.2). 

~ ________________________________________ ~A 

B B 
I 
I 

4.. I 

H 

.!...i' 
FMR1L 
2 

B 

010164 
I 

ic localisations reported in the Genome DataBase as 
17p13. Approximately 50% of the trapped exons were iso
lated from cosmids cloned from chromosome X. How
ever, no known genes or ESTs were found by nucleotide 
sequence comparisons (BLASTN) nor were there any pro
teins found to be significantly similar or homologous to 
ORFs in these exons (BLASTX). This of course does not 
rule out a gene from this region but we did not find any 
obvious candidate exons from the products amplified, 
sequenced and searched against the EST, nucleotide and 
protein databases. The putative exons have not yet been 
screened against cDNA libraries, and exon-linking tech
niques have not been performed. 

By hybridisation of the junction fragment clone 1.2 
(and a 265-bp STS amplified from this fragment) to 
digests of the chromosome 17p 13 cosmids H06119, 
G 114, D 1 0 164, an overlapping 15- to 18-kb region was 
found between the three cosmids (fig. 5). From the restric-
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tion mapping of cosmids H06119 and D10164 after 
hybridisation of 5' and 3' specific probes from the two 
genes identified by exon trapping, it was possible to esti
mate their position. SHBG appears to be closer to the 
translocation breakpoint than the FMR1L2 gene, but 
there is no evidence that either of these two genes was 
disrupted by the translocation rearrangement (fig. 5). The 
genomic sequence for SHBG has been determined 
(M31651) and covers 6 kb. Therefore, the translocation 
breakpoint did not disrupt this locus nor the coding region 
of FMR1L2 which was oriented with its 3' end closer to 
the breakpoint. However we could not rule out effects on 
any putative distant regulatory regions of these genes by 
the translocation. 
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Discussion 

The Y AC 4849 (fig. 1) and cosmids A07109 and 
E05106 which were isolated by DXS 1 were shown to cross 
the translocation breakpoint by FISH analysis. This find
ing confirmed and refined the localisation of the break
point of this patient which was previously analysed by G
banding and hybridisation with a biotinylated chromo
some-17-specific library probes [11]. These results also 
correlate with all described cases of HI where the translo
cation is localised within the pericentromeric region 
Xp21.1-q 13. As described previously, at least three of the 
breakpoints in HIIIP patients span a distance of 5 Mb in 
Xpll and this case extends the region by at least 10-15 
Mb. Therefore, it is unlikely that a single locus or gene is 
interrupted by all these translocations. As hypothesised 
[2] the common factor in many cases of HI is the presence 
of chromosomal mosaicism, although this is not an invari
able finding [6, 23]. The presence of a discordant pheno
type in two females with the same breakpoint (X; 10) 
implies that it is the functional status ofthe derived X that 
is important, rather than the precise site of interruption. 
We analyzed the sequences of 17 different exons trapped 
from the cosmids and PACs spanning the Xq12 break
point region and found no strong evidence for the pres
ence of any known or homologous gene or EST in this 
region. These exon trap sequences are currently being 
analysed for novel transcripts. 

On the chromosome 17p13 side of the translocation, 
exon amplification revealed two known genes, FMRIL2 
and SHBG located very close to the breakpoint. Restric
tion mapping of cosmids H06119 and D 1 0464 using gene 
specific probes was consistent with the coding regions of 
these two genes not being interrupted by the transloca
tion. 

The FMRIL2 gene encodes a protein that is very simi
lar to FMRI protein, thought to be an RNA-binding pro
tein [24]. The fragile X mental retardation syndrome 
results from lack of expression of the FMRI protein or 
expression of a mutant protein. FMRIL2 and FMRI 
interact tightly with a third autosomal homologue 
FMRIL1 [25] and all three proteins may play important 
roles in the pathogenesis of this mental retardation syn
drome. SHBG and the androgen binding protein pro
duced by Sertoli cells are encoded by the same gene [26] 
and are generally known to bind steroids. If the genes 
FMRIL2 and SHBG are correlated with the multisystem 
disorder of the patient, it is necessary to perform detailed 
analysis of the breakpoint and the sequences in the neigh
bourhood of both genes. It remains to be seen whether the 
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translocation disrupted the expression of either of these 
genes by a position effect but at least these results rule out 
fusion genes with FMRIL2 or SHBG crossing the translo
cation that could give rise to the choroid plexus papilloma 
in this patient. 

Chromosome 17 is frequently altered in many human 
cancers, and allelic loss often coincides with mutations in 
the p53 tumor suppressor gene, located in 17p13. The 
translocation in our patient is located within this region, 
but the p53 gene was not disrupted by the breakpoint. 
Several overlapping cosmids for p53 were analysed by 
FISH to rule out any rearrangement (data not shown). It 
has been shown previously that there is a 17p locus 
involved in pediatric primitive neuroectodermal tumours 
that is distinct from p53 [27] and our translocation break
point may coincide with this locus. Another factor, HIC-l 
(hypermethylated in cancer) found at 17p13.3 [15] which 
contains a consensus p53 binding site 4 kb upstream from 
the transcription site is activated by p53 in at least one 
human tumour cell line. It is possible that there are sever
al regions that are adjacent to p53 related to its activation. 
Therefore, it is important to test whether this region of 
chromosome 17 and these particular genes are important 
in the formation of the X; 17 patient's brain tumour and 
other forms of brain tumour. 

Acknowledgments 

We thank Christophe Philippe for help with patient cell lines, 
Jose Mejia for help with figures and software, Sue Rider, Yumiko 
Ishikawa-Brush and Jamel Chelly for help with initial FISH analysis 
and isolation of Y ACs and Hunt Willard and Lyndal Kearney for 
support. This work was supported by European Community Grant 
No. ERBCIPDCT940401; Contract No. ERBGENECT930022, the 
Imperial Cancer Research Fund, The Wellcome Trust and Action 
Research. A.P.M. is a Wellcome Trust Principal Research Fellow. 

Eur J Hum Genet 1997;5:61-68 67 



References 

Sefiani A, Abel L, Heuertz S, Sinnett D, La
vergne L, Labuda D, Hors-Cayla MC: The gene 
for incontinentia pigmenti is assigned to Xq28. 
Genomics 1989;4:427-429. 

2 Hatchwell E: Hypomelanosis of Ito and X;au
tosome translocations: A unifying hypothesis. J 
MedGenet 1996;33:177-183. 

3 Gilgenkrantz S, Tridon P, Pinel BN, Beurey J, 
Weber M: Translocation (X;9)(p11;q34) in a 
girl with incontinentia pigmenti (IP): Implica
tion of the regional assignment of the IP locus 
to Xpll. Ann Genet 1985;28: 90-92. 

4 Kaji T, Tsukahara M, Fukushima Y, Hata 
A, Matsuo K, Kuroki Y: Translocation 
(X;13)(pl1.21;qI2.3) in a girl with incontinen
tia pigmenti and bilateral retinoblastoma. Ann 
Genet 1985;28:219-223. 

5 Cannizzaro LA, Hecht F: Gene for inconti
nentia pigmenti maps to band Xpll with an 
(X;10)(pll;q22) translocation. Clin Genet 
1987;32:66-69. 

6 Sybert VP, Pagon RA, Donlan M, Bradley CM: 
Pigmentary abnormalities and mosaicism for 
chromosomal aberration: association with clin
ical features similar to hypolmelanosis of Ito. J 
Pediatr 1990;116:581-586. 

7 Lungorotti MS, Martello C, Calabro A, Baldari 
F, Mariotti G: Hypomelanosis of Ito associated 
with chromosomal translocation involving 
Xpll. Am J Med Genet 1991;40:447-448. 

8 Bitoun P, Philippe C, Cherif M, Mulcahy MT, 
Gilgenkrantz S: Incontinentia pigmenti (type 
1) and X;5 translocation. Ann Genet 1992;35: 
51-54. 

9 Koiffmann CP, De SD, Diament A: Inconti
nentia pigmenti achromians (hypomelanosis of 
Ito, MIM 146150): Further evidence of local
ization at Xpll. Med Genet 1993;46:529-
533. 

10 Penchaszadeh VB, Babu A, Schwartz M, David 
KL, Popescu S, Rubinstein C: Hypomelanosis 
of Ito in a girl with a de novo translocation 
(X;14)(ql1;qI3). Am J Hum Genet Suppl 
1989;45:A219. 

11 Steichen-Gersdorf E, Trawoger T, Duba HC, 
Mayr U, Felber S, Uterman G: Hypomelanosis 
of Ito in a girl with plexus papilloma and trans
location (X; 17). Hum Genet 1993;90:611-
613. 

12 Hodgson SV, Neville B, Jones RWA, Fear C, 
Bobrow M: Two cases of X;autosomal translo
cation in females with incontinentia pigmenti. 
Ann Genet 1985;28:219-223. 

13 Hatchwell E, Robinson D, Crolla JA, Cockwell 
AE: X inactivation analysis in a female with 
hypomelanosis of Ito associated with a bal
anced X; 17 translocation: Evidence for func
tional disomy of Xp. J Med Genet 1996;33: 
216-220. 

14 Hollstein M, Sindransky D, Vogelstein B, Har
ris CC: p53 mutations in human cancers. 
Science 1991;253:49-53. 

15 Wales MM, Biel MA, EIDeiry W, Nelkin BD, 
Issa JP, Cavenee WK, Kurebitz SJ, Baylin SB: 
p53 activates expression ofHIC-l, a new can
didate tumour suppressor gene on 17p 13.3. 
Nature Med 1995;1:570-577. 

16 Wilgenbus KK, Coy JF, Mincheva A, Nicolai 
H, Solomon E, Lichter P, Poustka A: Ordering 
of 66 STSs along the entire short arm of human 
chromosome 17 and chromosomal assignment 
of a transcribed sequence (FMRIL2) homolo
gous to FMRl.Cytogenet Cell Genet 1996;73: 
240-243. 

17 Gosden CM, Davidson C, Robertson M: Lym
phocyte culture; in Rooney DE, Czepulkowski 
BH (eds): Human Cytogenetics. A Practical 
Approach, ed 2. Oxford, IRL Press, 1992, vol I , 
pp31-54. 

18 Kostrzewa M, Kohler A, Eppelt K, Hellam L, 
Fairweather ND, Levy ER, Monaco AP, Miil
ler U: Assignment of genes encoding GABAA 

receptor subunits AI, A6, B2, G2 to a YAC 
contig of 5q33. Eur J Hum Genet 1996;4: 199-
204. 

68 Eur J Hum Genet 1997;5:61-68 

19 Larin Z, Monaco AP, Lehrach H: Yeast artifi
cial chromosome libraries containing large in
serts from mouse and human DNA. Proc Natl 
Acad Sci USA 1991;88:4123-4127. 

20 Albertsen HM, Abderrahimm H, Cann HM, 
Dausset J, Le Paslier D, Cohen D: Construc
tion and characterization of a yeast artificial 
chromosome library containing seven haploid 
human genome equivalents. Proc Natl Acad 
Sci USA 1990;87:4256-4260. 

21 Ioannou PA, Amemiya CT, Games J, Kroisel 
PM, Shizuya H, Chen C, Batzer MA, de Jong 
P J: A new bacteriophage P I-derived vector for 
the propagation of large human DNA frag
ments. Nat Genet 1995;6:84-89. 

22 Church DM, Stotler CJ, Rutter JL, Murrell JR, 
Trofatter JA, Buckler AJ: Isolation of genes 
from complex sources of mammalian genomic 
DNA using exon amplification. Nat Genet 
1994;6:98-104. 

23 Donnai D, Read AP, McKeown C, Andrews T: 
Hypomelanosis of Ito: A manifestation of mo
saicism or chimerism. J Med Genet 1988;25: 
809-818. 

24 Zhang Y, O'Connor JP, Siomi MC, Srinivasan 
S, Dutra A, Nussbaum RL, Dreyfuss G: The 
fragile X mental retardation syndrome protein 
interacts with novel homologs FXRI and 
FXR2. EMBO J 1995;21:5358-5366. 

25 Siomi MC, Siomi H, Sauer W, Srinivasan S, 
Nussbaum R, Dreyfuss G: FXRl, an autoso
mal homolog of the fragile X mental retarda
tion gene. EMBO J 1995;14:2401-2408. 

26 Hammond GL, Underhill DA, Rykse HM, 
Smith CL: The human sex hormone-binding 
globulin gene contains exons for androgen
binding protein and two other testicular mes
senger RNAs. Mol Endocrinol 1989;3:1869-
1876. 

27 Biegel JA, Burk CD, Barr FG, Emmanuel BS: 
Evidence for a 17p tumor related locus distinct 
from p53 in pediatric primitive neuroectoder
mal tumors. Cancer Res 1992;52:3391-3395. 

Zajac/Kirchhoff/Levy/Horsley/Millerl 
Steichen-Gersdorf/Monaco 


