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THE Greig cephalopolysyndactyly syndrome (GCPS) is an auto-
somal dominant disorder affecting limb and craniofacial develop-
ment in humans?. GCPS-affected individuals are characterized
by postaxial polysyndactyly of hands, preaxial polysyndactyly of
feet, macroephaly, a broad base of the nose with mild hypertelorism
and a prominent forehead. The genetic locus has been pinpointed
to chromosome 7p13 by three balanced translocations associated
with GCPS in different families®*'°. This assignment is corrobor-
ated by the detection of two sporadic GCPS cases carrying overlap-
ping deletions in 7p13 (ref. 7), as well as by tight linkage of GCPS
to the epidermal growth factor receptor gene in 7p12-13 (ref. 8).
Of the genes that map to this region, those encoding T cell
receptor-vy, interferon-B2, epidermal growth factor receptor, and
Hox1.4, a potential candidate gene for GCPS, have been excluded
from the region in which the deletions overlap””.

FIG. 1 GCPS translocation breakpoints disrupt the GL/3 gene in 7p13. a
Schematic diagram depicting the presence of human chromosome-7 material
retained in different lines of the human-mouse somatic cell hybrid panel*®
(GM3162, human control DNA; 5387-3cl10, chromosome 7-only hybrid; iT,
RoH and 1863 cell lines, GCPS translocation hybrids). b-f, Hybridization of
the somatic cell hybrid panel with different probes from 7p13. Control probes
TG38 (ref. 15) and 5-23 (ref. 16) map within the closest intervals on the
centromeric and telomeric side of the GCPS translocation breakpoints (b).
Probes from the GL/3 locus are ordered from centromere to telomere with
pcrGligox (€) located centromeric to all three transiocations, followed by
pcrGLI3 (d) and perGLiy,, (e) mapping between the IT/1863 and RoH break-
points. Probe Gligs11ES5 (f) is localized telomeric to all translocation
breakpoints.

METHODS. Somatic cell hybrid panels (5 ug control DNA and 15 pg hybrid
DNA, both digested with EcoRl) were hybridized and washed under high
stringency®”. Cross-hybridizing mouse fragments are marked by asterisks.
Probe pcrGli3 was derived by PCR from genomic DNA with primers corre-
sponding to nucleotides 8-27 and 592-610 of pGLI3HH-Haelll-640 (ref. 5).
Probes pcrGli,,., and perGliys, (nucleotides 98-570 and 4,354-4,933 of the
cDNA sequence®) were amplified after reverse transcription of adult lung
total RNA (First Strand kit, Stratagene) using 20-mer primers. PCR conditions
were as foillows: 40 cycies of 94 °C for 30 s, 55 °C for 30 s and 72 °C for
60 s. Probe Glig, 11ES5 is a 5-kb Sall fragment of phage Gliys11 described
in Fig. 2.
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Here we show
that two of the three translocations interrup the GLI3 gene, a
zinc-finger gene of the GLI-Kriippel family already localized to
7p13 (refs 5, 6). The breakpoints are within the first third of the
coding sequence. In the third translocation, chromosome 7 is
broken at about 10 kilobases downstream of the 3’ end of GLI3.
Our results indicate that mutations disturbing normal GLI3
expression may have a causative role in GCPS.

For a reverse genetics approach we established a human-
mouse somatic cell hybrid panel subdividing the short arm of
chromosome 7 into 11 intervals'®. In this panel the GCPS region
is defined by two hybrid clones derived from each GCPS trans-
location cell line retaining one or both of the translocation
chromosomes and segregating the intact chromosome 7. Four
random probes mapped into the shortest interval encompassing
the translocation breakpoints with two probes located on either
side (Fig. 14, b). The translocation breakpoints fall within a
630-kilobase (kb) Notl restriction fragment identified by three
of the flanking markers'’.

In a parallel approach, we tested a candidate gene sequence
by hybridizing a genomic fragment amplified by polymerase
chain reaction (PCR) from the central part of GLI3, a gene
recently mapped to 7p13 by in situ hybridization®. This gene
had been isolated by virtue of its cross-hybridization to the
zinc-finger gene GLI, which is amplified in certain glioblastomas
and represents a potential sequence-specific DNA-binding tran-
scription factor from the GLI-Kriippel gene family®. The GL13
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FIG.2 A physical map of the GCPS/GLI3 region. The translocation breakpoints
of the three GCPS patients are shown on the top in relation to the GL/3
¢DNA sequence. The position of the PCR probes used is indicated by black
boxes. A restriction map derived from genomic phage clones isolated by
screening with the PCR probes or phage end fragments is drawn on a larger
scale (E, EcoR}; S, Sall). The location of the RoH breakpoint spanned by

gene is expressed in tissues such as testes, myometrium, placenta,
colon and lung as an 8.5-kilobase messenger RNA and the
protein product (relative molecular mass, 190,000) shows
sequence-specific DNA binding’®. On our panel this probe,
perGli3, mapped distal to the Greig translocation breakpoints
in patients 1863 (46, XY, t(3;7) (p21.1; p13)) and IT (46, XX,
t(6; 7)(q12; p13)), but proximal to the one in RoH (46, XX,
t(6; 7)(q27; p13)) (Fig. 1d). Thus, GLI3 maps very closely or
may even be identical to the GCPS gene.

To define the position of the three translocation breakpoints
along the GLI3 gene we used perGliy,,, and perGlig,,, sequen-
ces corresponding to proximal and distal segments of the GLI3
complementary DNA sequence® (Fig. 2), amplified by PCR from
lung cDNA. PcrGli,, maps proximal to all GCPS translocation
breakpoints (Fig. 1¢), indicating that two of the translocations
split the GLI3 gene within the first third of the coding region,
thereby precluding the formation of a normal functioning pro-
tein. This also establishes the transcriptional orientation of GLI3
from centromere to telomere. Probes from a 30-kb genomic
phage contig selected by perGlip,, did not detect the trans-
location breakpoints, suggesting that the 5’ part of this gene is
spread over a large genomic distance (Fig. 2).

On the other hand, pcrGliy,,, like pcrGli3, maps proximal to
the RoH breakpoint and distal to the 1863 and IT breakpoints
(Fig. 1e). The third translocation breakpoint thus has to be
downstream of the 3’ end of GLI3 (Fig. 2). Analysis of five
independent cDNA clones isolated from a human fetal kidney
library'® using pcrGlig, as probe showed no evidence for
alternatively spliced transcripts in this region, which might
extend to the RoH translocation breakpoint. Thus, the trans-
location probably falls distal to the last exon of GLI3.

To map the distal translocation breakpoint, we isolated a
50-kb phage contig, including 15 kb of DNA downstream of the
GLI3 coding sequence. The RoH translocation breakpoint was
found by hybrid mapping in a 3.5-kb EcoRI/Sall fragment
about 10 kb downstream of GLI3 (Figs 1f, and 2). In this case
a cis-acting element might have been brought into the neighbour-
hood of GLI3, thereby modifying its expression. The influence
of 3’-acting domains has been well documented in variant Burkitt

Gligigt!!

Gligi;11 is indicated by an asterisk.

METHODS. Overlapping phage clones were isolated from a genomic Mbol
partial digest library in EMBL3 using the PCR probes described in Fig. 1.
Clone Glige11 was isolated by chrosome walking with the 6-kp EcoRI/Sall
end-fragment of phage Gliy,.3 subcloned into pBluescript Il SK-(Stratagene).
All subcloning and hybridization was according to standard procedures®®,

lymphomas, in which translocations of more than 10 kb down-
stream of the c-myc gene deregulate its expression'’.

Our results support the assumption that mutations affecting
only one allele of the zinc finger gene GLI3 cause the GCPS
syndrome. With the potential function as a transcriptional regu-
lator, GLI3 could well control limb and craniofacial develop-
ment, perhaps through involvement in the generation of a mor-
phogen gradient, as proposed for vertebrate limb formation'>.
The fact that GLI3 is widely expressed in adult tissues, with
only some of these being phenotypically altered by heterozygous
mutation, implies that precise control of GLI3 expression is
crucial only at certain developmental stages. Studies of mouse
mutant extra toes (Xt)'?, and anterior digit deformity (add)'*,
which are presumed to have similarities with GCPS, may reveal
more about the function of GLI3. Various finger proteins, among
them those from the GLI-Kriippel gene family, have key roles
in Drosophila and Xenopus development. Our results provide
an example of a zinc-finger gene that is mutated in a hereditary
human malformation. O
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