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NOVEL COMPOSITIONS AND METHODS FOR
ENHANCING OSSEOUS GROWTH, REPAIR AND REGENERATION

Pursuant to 35 U.S.C. §202(c) it is acknowledged
that the U.S. Government has certain rights in the
invention described herein, which was made in part
with funds from the National Institutes of Health,
grant number, R29/DE10990.

FIELD OF THE INVENTION

This invention relates to the fields of molecular
bioclogy and bone physiology. More specifically, the
invention provides novel compositions and methods for

enhancing osseous growth, repair and regeneration.

BACKGROUND OF THE INVENTION

Several publications are referenced in this
application by numerals in parentheses in order to
more fully describe the state of the art to which this
invention pertains. The disclosure of each of these
publications is incorporated by reference herein.

Bone growth and development is a complex process
involving the participation of many genes and
proteins. The normal development of hair, teeth and
bone involves extensive epithelial-mesenchyme
interactions. For example, the tooth develops through
interactions between oral ectoderm of epithelial
origin which eventually produces enamel, while
mesenchyme cells from the neural crest produce dentin
and supportive structures (10).

Studies in vertebrate organisms have implicated
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the involvement of a number of genes in craniofacial
development, including transcription factor and growth
factor genes (10). Several homeobox genes are also
known to be expressed in the developing teeth. These
genes are postulated to function together with growth
factors, such as bone morphogenic proteins and members
of the transforming growth factor-beta genes, in the
complex developmental pathways involved in

craniofacial growth and development.

SUMMARY OF THE INVENTION

The present invention relates to the
identification of novel nucleic acid molecules and
proteins encoded by such nucleic acid molecules or
degenerate variants thereof, that participate in the
control of mammalian bone growth, development and
regeneration.

Provided herein are novel compositions and
methods for enhancing osseous growth, repair and
regeneration. According to one aspect of the
invention, an isolated nucleic acid molecule is
provided which includes a complete coding region for a
homeobox domain-containing DLX3 protein of a predicted
size between about 25 and 35 kilodaltons.

In a preferred embodiment of the invention, an
isolated nucleic acid molecule is provided that
includes a cDNA encoding a human DLX3 protein. 1In a
particularly preferred embodiment, the human DLX3
protein has an amino acid sequence the same as
Sequence I.D. No. 2. An exemplary DLX3 encoding
nucleic acid molecule of the invention comprises
Sequence I.D. No. 1.

According to another aspect of the invention,

PCT/US99/04237



10

15

20

25

30

WO 99/43784 PCT/US99/04237

another isolated nucleic acid molecule is provided
which includes a complete coding region for a DLX3A
protein also containing a homeobox domain of a size
between about 20 and 35 kilodaltons. DLX3A appears to
be a mutated form of DLX3 associated with Tricho-
Dento-Osseous (TDO) syndrome. The rare genetic
polymorphism present in DLX3A is correlated with the
expression of a DLX3A protein, which is associated
with increased bone thickness and density.

In a preferred embodiment of the invention, an
isolated nucleic acid molecule is provided that
includes a cDNA encoding a human DLX3A protein. 1In a
particularly preferred embodiment, the human DLX3A
protein has an amino acid sequence the same as
Sequence I.D. No. 4. An exemplary dlx3A nucleic acid
molecule of the invention comprises Sequence I.D. No.
3.

According to another aspect of the present
invention, an isolated nucleic acid molecule is
provided, which has a sequence selected from the group
consisting of: (1) Sequence I.D. No. 1; (2) a sequence
specifically hybridizing with preselected portions or
all of the complementary strand of Sequence I.D. No.
1; (3) a sequence encoding preselected portions of
Sequence I.D. No. 1, (4) a sequence encoding part or
all of a polypeptide having amino acid Sequence I.D.
No. 2; (5) Seguence I.D. No. 3; (6) a sequence
specifically hybridizing with preselected portions or
all of the complementary strand of Sequence I.D. No.
3; (7) a sequence encoding preselected portions of
Sequence I.D. No. 3, and (8) a sequence encoding part
or all of a polypeptide having amino acid Sequence

I.D. No. 4. Such partial sequences are useful as
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probes to identify and isolate homologues of the DLX3
genes of the invention. Accordingly, isolated nucleic
acid sequences encoding natural allelic variants of
the nucleic acids of Sequence I.D. Nos., 1, or 3 are
also contemplated to be within the scope of the
present invention. The term “natural allelic
variants” will be defined hereinbelow.

In another aspect of the invention, a nucleic
acid molecule comprising the upstream 5' untranslated
region of the DLX3 gene is provided herein as Sequence
I.D. NO: 5. This sequence provides regulatory
elements that control the expression of the DLX3
proteins of the invention. Accordingly, the sequence
may be genetically manipulated using recombinant DNA
tecniques known to those of skill in the art to
enhance or inhibit the expression of DLX3 proteins.

According to another aspect of the invention,
antibodies immunologically specific for the proteins
described hereinabove are provided.

In addition, this invention presents methods for
genetic screening and diagnostic evaluation of
patients at risk for TDO. Additionally, the nucleic
acids of the invention may be used for prenatal
genetic screeing. The hybridization specificity of
the nucleic acids of the invention may be also be used
for differential evaluation of patients presenting
with phenotypic characteristics commmon to TDO, such
as amelogenesis imperfecta. For example, nucleic acid
molecules of the invention can be used as diagnostic
hybridization probes or as primers for diagnostic PCR
analysis for the identification of DLX3 mutations.
Additionally, human DLX3 genomic sequences are

provided which can be used to selectively amplify
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human DLX3 exons for analysis.

Further, methods and compositions are provided
for enhancing growth, development and repair of
osseous structures. Addition of DLX3A proteins and
DLX3A-encoding nucleic acids should serve to enhance
bone thickness and increase bone density at the sites
of application. Exogenously added DLX3A proteins and
DLX3A-encoding nucleic acids should have utility in
the treatment of bone/osseous defects secondary to
trauma, such as broken bones. Finally, the DLX3A
proteins and nucleic acids of the invention should
also have utility in the treatment of defects
secondary to certain pathologies, such as periodontal
disease defects or congenital/acquired defects such as

osteoporosis.
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a table showing the results of

haplotype analysis of TDO families illustrating the
alleles which segregate with the TDO phenotype. ND
indicates the genotypes were not determined. No
recombination is observed between D17S891 and D17S41
and the TDO gene in any of the families. Genetic
distances in centiMorgans between the polymorphic
markers are depicted at the left of the table. The

common haplotype region is boxed.

Figure 2 shows the nucleotide sequence and
predicted amino acid sequence of the human DLX3 gene.
Nucleotides are numbered based on genomic sequence
information with number 1 representing the first
nucleotide of the first codon. The protein sequence
is numbered sequentially from the initiation codon.
Uppercase letters in the nucleotide sequence indicate
protein coding regions, lowercase letters represent
intronic or untranslated regions. The homeobox is
shown by a double underline. Primer sequences used in
PCR amplification and sequencing of affected and
unaffected TDO family members are underlined. Primers
(DLX3mutl and DLX3mut2) used in the mutation analysis
are boxed. The four base pair deletion found in one
allele of all affected TDO members is shown at
position 3198-3201.

Figure 3 shows the protein alignments of the
homeodomain region of dlx family members. The
homeobox region is boxed. Hyphens (-) indicate
conserved residues, spaces indicate unavailable

protein sequences. The arrow indicates the first
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amino acid affected by the frameshift mutation in TDO
patients. Organisms and Genbank accession numbers are
as follows: mouse dlx3 (Q64205), zebrafish dlx3
(S23279), Xenopus dlx3 (HMD2 XENLA), axolotl dlx3
(Q90229), newt dlx3 (BOX4 NOTVI), human DLX2 (Pn0670),
human DLX5 (C53495), human DLX1 (A53495), human DLX6
(D53495), and human DLX7 (Q92988) .

Figure 4 shows the nucleotide seqguence of two
cloned alleles from an individual with TDO. The upper
panel depicts the normal allele. The lower panel
shows the deleted allele. The overhead triangle
indicates the four nucleotides deleted in one allele

of affected TDO individuals.

Figure 5 shows the pedigrees and PCR deletion
analysis of portions of two TDO families. Pedigree
numbers correlate to those previously described (29).
All affected TDO individuals exhibit the normal 145 bp
allele and the 141 bp deleted allele. Unaffected
individuals only exhibit the normal 145 bp allele.

Figure 6 shows the 5' untranslated region of DLX3

(SEQ. ID NO: 5).

DETAILED DESCRIPTION OF THE INVENTION
Tricho-Dento-Osseous syndrome (TDO) is an
autosomal dominant disorder characterized by abnormal
hair, teeth, and bone. The main clinical
manifestations of TDO include taurodontism, enamel
hypoplasia, kinky, curly hair at birth, and increased
thickness and density of the cranial bones. These

pleiotropic clinical features suggest the role of a
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developmental gene modulating epithelial-mesenchymal
interactions. The TDO locus was recently mapped to
chromosome 17g21, a region that includes two members
of the distal-less homeobox gene family, DLX3 and DLX7
(28,29) . The genomic cloning and sequencing of both
human DLX3 and DLX7 is described herein. The
identification of a four base deletion in human DLX3
which correlates with the TDO phenotype in six
families is also described. The observed mutation is
predicted to cause a frameshift and premature
termination codon, resulting in a functionally altered
DLX3.

To identify genes that are involved in
craniofacial development TDO (Mendalian Inheritance in
Man, Catalog number 190320) has been studied. Several
large TDO pedigrees residing throughout the United
States have been described, although most of these can
be traced back to ancestors who lived in the North
Carclina, Virginia, Tennessee triangle area (1-4).
There is considerable variation in the clinical
expression of TDO (1, 4-9). Taurodontism (elongation
of the dental pulp chamber) of the primary and
permanent dentition and enamel hypoplasia are fully
penetrant features observed in all affected TDO
individuals. Eighty-five percent of affected TDO
members are born with kinky, curly hair which in half
of the cases straightens over time. Dental abscesses
are common (observed in 80% of affected individuals),
and result from the wearing of the hypoplastic enamel
and subsequent exposure of the large dental pulp
chamber. Because of the high frequency of abscesses,
40% of affected TDO adults are edentulous. Cranial

thickening and obliteration of the frontal and mastoid
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sinuses are observed in 65-80% of affected individuals
and appears to progress with age. Several other
clinical features including macrocephaly,
dolicocephaly, a high prevalence of dental caries,
narrowing of the ear canal, altered craniofacial
morphology, and fingernail involvement have been
described in TDO patients.

Early in embryological development, murine dlx
and msx genes are expressed in distinct and
overlapping regions of the first and second branchial
arches (11-17). These tissues give rise to many
structures including hair, teeth, and bone. Targeted
disruption of mouse msxl results in complete absence
of incisors and arrested molar development (18).
Similarly, mutations in human MSX1 were found to cause
selective tooth agenesis (19). 1In mice, msx2 is
expressed in the bone forming regions of the mandible,
maxilla, and the developing cranial sutures (11),
while mutations in human MSX2 cause autosomal dominant
craniosynostosis, Boston type, a disease manifesting
premature closure of the cranial sutures (20).

The function of dlx genes, although less well
characterized than msx genes, is being investigated in
numerous species including mouse, rat, zebrafish, and
Xenopus (17, 21-26). Recent studies using dlxl -/-
and/or dlx2 -/- null mutant mice reveal the importance
of distal-less gene expression in normal craniofacial
development and the development of normal dentition
(16) . An absence of dlxl and /or dlx2 affects a
number of tissues derived from the proximal first and
second branchial arches including cartilage and bones
of the face and ear. In development of the teeth, the

single mutants (dIxl1-/- or dlx2-/-) had apparently
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normal dentition, whereas the double mutant (dIxI-/-
dix2-/-) exhibited absence of maxillary molars.

In humans, five DLX genes have been cloned and
localized. DLX1 and DLX2 are located on chromosome
2g32 near the HOXD cluster (27), DLX5 and DLX6 are
located on chromosome 7g22 on the opposite arm of the
HOXA cluster (15), and DLX7 is located on chromosome
17, 1-2Mb from the HOXB cluster (28). Although the
cloning has not been previously reported, DLX3 has
putatively been localized to chromosome 17 near DLX7
(28) .

The present invention describes the linkage of
TDO to a 7 centiMorgan region (D17S932 - D17S941) of
chromosome 17 in four North Carolina families (29). A
maximum multipoint lod score of 11.41 was observed at
D175941 (theta =0.00) with no indication of genetic
heterogeneity. Because DLX7 and putatively DLX3
reside in this region, both genes were examined as
possible candidates for the TDO syndrome.

The genomic cloning and sequencing of both human
DLX7 and DLX3, and the identification of a common
mutation in DLX3 present in all affected members of

six TDO pedigrees is described herein.

I. Preparation of DLX3-Encoding Nucleic Acid
A. Nucleic Acid Molecules
Nucleic acid molecules encoding the DLX
proteins of the invention may be prepared by two
general methods: (1) They may be synthesized from
appropriate nucleotide triphosphates, or (2) they may
be isolated from biological sources. Both methods

utilize protocols well known in the art.

10
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The availability of nucleotide sequence
information, such as the full length cDNA having
Sequence I.D. No. 1 or Sequence I.D. No. 3, enables
preparation of an isolated nucleic acid molecule of
the invention by oligonucleotide synthesis. Synthetic
oligonucleotides may be prepared by the
phosphoramadite method employed in the Applied
Biosystems 38A DNA Synthesizer or similar devices.

The resultant construct may be purified according to
methods known in the art, such as high performance
liguid chromatography (HPLC). Long, double-stranded
polynucleotides, such as a DNA molecule of the present
invention, must be synthesized in stages, due to the
size limitations inherent in current oligonucleotide
synthetic methods. Thus, for example, a 1.6 kb
double-stranded molecule may be synthesized as several
smaller segments of appropriate complementarityﬁ_
Complementary segments thus produced may be ligated
such that each segment possesses appropriate cohesive
termini for attachment of an adjacent segment.
Adjacent segments may be ligated by annealing cohesive
termini in the presence of DNA ligase to construct an
entire 1.6 kb double-stranded molecule. A synthetic
DNA molecule so constructed may then be cloned and
amplified in an appropriate vector.

Nucleic acid sequences encoding DLX3 proteins may
be isolated from appropriate biological sources using
methods known in the art. 1In a preferred embodiment,
a cDNA clone is isolated from an expression library of
human origin. 1In an alternative embodiment, genomic
clones encoding DLX3 may be isolated. Alternatively,
cDNA or genomic clones encoding DLX3 from other animal

species may be obtained.

11
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In accordance with the present invention,
nucleic acids having the appropriate level of sequence
homology with the protein coding region of Sequence
I.D. Nos. 1 or 2 may be identified by using
hybridization and washing conditions of appropriate
stringency. For example, hybridizations may be
performed, using a hybridization solution comprising:
5X 8SC, 5X Denhardt's reagent, 1.0% SDS, 100 upg/ml
denatured, fragmented salmon sperm DNA, 0.05% sodium
pyrophosphate and up to 50% formamide. Hybridization
is carried out at 37-420C for at least six hours.
Following hybridization, filters are washed as
follows: (1) 5 minutes at room temperature in 2X SSC
and 1% SDS; (2) 15 minutes at room temperature in 2X
SSC and 0.1% SDS; (3) 30 minutes-1 hour at 370C in 1X
SSC and 1% SDS; (4) 2 hours at 42-650C in 1X SSC and
1% SDS, changing the solution every 30 minutes.

One common formula for calculating the stringency
conditions required to achieve hybridization between
nucleic acid molecules of a specified sequence

homology is as follows (Sambrook et al., 1989):

T, =81.5°C + 16.6Log [Na+] + 0.41(% G+C) - 0.63 (% formamide) - 600/#bp in duplex

As an illustration of the above formula, using [N+] =
[0.368] and 50% formamide, with GC content of 42% and
an average probe size of 200 bases, the T, is 57°C.
The T, of a DNA duplex decreases by 1 - 1.5°C with
every 1% decrease in homology. Thus, targets with
greater than about 75% sequence identity would be
observed using a hybridization temperature of 42°C.

Nucleic acids of the present invention may

be maintained as DNA in any convenient cloning vector.

In a preferred embodiment, clones are maintained in

12
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plasmid cloning/expression vector, such as pBluescript
(Stratagene, La Jolla, CA), which is propagated in a
suitable E. coli host cell.

The nucleic acids of the invention may also be
used as starting materials for site-directed
mutagenesis. Such mutations may give rise to DLX3
proteins of increased therapeutic efficacy.

DLX3-encoding nucleic acid molecules of the
invention include c¢DNA, genomic DNA, RNA, and
fragments thereof which may be single- or double-
stranded. Thus, this invention provides
oligonucleotides (sense or antisense strands of DNA or
RNA) having sequences capable of hybridizing with at
least one sequence of a nucleic acid molecule of the
present invention, such as selected segmentsgs of the
cDNA having Sequence I.D. No. 1 or Sequence I.D. No.
3. Such oligonucleotides are useful as probes for

detecting or isolating dlx3 genes in other species.

B. Proteins

A full-length DLX3 protein of the present
invention may be prepared in a variety of ways,
according to known methods. The protein may be
purified from appropriate sources, e.g., animal
cultured cells or tissues, by immuncaffinity
purification. However, this is not a preferred method
due to the low amount of protein likely to be present
in a given cell type at any time.

The availability of nucleic acids molecules
encoding DLX3 enables production of the protein using
in vitro expression methods known in the art. For
example, a cDNA or gene may be cloned into an

appropriate in vitro transcription vector, such as

13
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pSP64 or pSP65 for in vitro transcription, followed by
cell-free translation in a suitable cell-free
translation system, such as wheat germ or rabbit
reticulocytes. In vitro transcription and translation
systems are commercially available, e.g., from Promega
Biotech, Madison, Wisconsin or BRL, Rockville,
Maryland.

Alternatively, according to a preferred
embodiment, larger quantities of DLX3 or DLX3A may be
produced by expression in a suitable procaryotic or
eucaryotic system. For example, part or all of a DNA
molecule, such as the c¢DNA having Sequence I.D. No. 1,
may be inserted into a plasmid vector adapted for
expression in a bacterial cell, such as E. coli, or
into a baculovirus vector for expression in an insect
cell. Such vectors comprise the regulatory elements
necessary for expression of the DNA in the host cell
(e.g. E. coli or insect cell), positioned in such a
manner as to permit expression of the DNA in the host
cell. Such regulatory elements required for
expression include promoter sequences, transcription
initiation sequences and, optionally, enhancer
sequences.

The DLX3 proteins or derivatives thereof
produced by gene expression in a recombinant
procaryotic or eucyarotic system may be purified
according to methods known in the art. 1In a preferred
embodiment, a commercially available
expression/secretion system can be used, whereby the
recombinant protein is expressed and thereafter
secreted from the host cell, to be easily purified
from the surrounding medium. If expression/secretion

vectors are not used, an alternative approach involves

14
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purifying the recombinant protein by affinity
separation, such as by immunological interaction with
antibodies that bind specifically to the recombinant
protein or nickel columns for isolation of recombinant
proteins tagged with 6-8 histidine residues at their
N-terminus or C-terminus. Such methods are commonly
used by skilled practitioners.

The DLX3 proteins of the invention, prepared
by the aforementioned methods, may be analyzed
according to standard procedures. For example, such
proteins may be subjected to amino acid sequence
analysis, according to known methods.

The present invention also provides
antibodies capable of immunospecifically binding to
proteins of the invention. Polyclonal antibodies
directed toward DLX3 may be prepared according to
standard methods. 1In a preferred embodiment,
monoclonal antibodies are prepared, which react
immunospecifically with various epitopes of DLX3.
Monoclonal antibodies may be prepared according to
general methods of Kdhler and Milstein, following
standard protocols. Polyclonal or monoclonal
antibodies that immunospecifically interact with DLX3
can be utilized for identifying and purifying such
proteins. For example, antibodies may be utilized for
affinity separation of proteins with which they
immunospecifically interact. Antibodies may also be
used to immunoprecipitate proteins from a sample
containing a mixture of proteins and other biological
molecules. Other uses of anti-DLX3 antibodies are

described below.

15
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II. Uses of DLX3-Encoding Nucleic Acids,

DLX3 Protei 1 Antibodi T} l

The potential of recombinant genetic

engineering methods to provide novel therapeutic
reagents has received considerable attention in recent
years. Protocols are currently available for the
stable introduction and expression of genes encoding
the DLX3 proteins disclosed herein. The present
invention provides nucleic acid sequences which, upon
stable introduction into a recipient cell express DLX3
proteins which may be purified and used to augment
bone growth and regeneration. The DLX3 encoding
nucleic acids of the invention may also be used to
advantage in diagnostic and genetic screening assays
to identify those individuals at risk for TDO.
Additionally, they may be used for prenatal screening.
Finally, DLX3 proteins of the invention may be used as
a research tool to identify other proteins, factors or
chemical reagents that are intimately involved in
osseous repailr, regeneration and regrowth.

For administration of the DLX3 encoding nucleic
acids or proteins to patients, the DNA or protein may
be complexed in a liposome preparation. The liposomes
may be further complexed with monoclonal antibodies
specific for a predetermined target cell to facilitate
cell specific targeting of the DLX3 based reagents of
the present invention.

A. DILX3-Encoding Nucleic Acids

DLX3-encoding nucleic acids may be used for
a variety of purposes in accordance with the present
invention. DLX3-encoding DNA, RNA, or fragments
thereof may be used as probes to detect the presence

of and/or expression of genes encoding DLX3 proteins.
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Methods in which DLX3-encoding nucleic acids may be
utilized as probes for such assays include, but are
not limited to: (1) in situ hybridization; (2)
Southern hybridization (3) northern hybridization;
(4) assorted amplification reactions such as
polymerase chain reactions (PCR) and (5) genetic and
diagnostic screening assays.

The DLX3-encoding nucleic acids of the
invention may also be utilized as probes to identify
related genes from other species. As is well known in
the art, hybridization stringencies may be adjusted to
allow hybridization of nucleic acid probes with
complementary sequences of varying degrees of
homology. Thus, DLX3-encoding nucleic acids may be
used to advantage to identify and characterize other
genes of varying degrees of relation to DLX3A, thereby
enabling further characterization of the signalling
cascade involved in the growth, repair and
regeneration of bone. Additionally, they may be used
to identify genes encoding proteins that interact with
DLX3 (e.g., by the "interaction trap" technique),
which should further accelerate elucidation of these
cellular signalling mechanisms.

Nucleic acid molecules, or fragments
thereof, encoding DLX3 may also be utilized to control
the production of DLX3, thereby regulating the amount
of protein available to participate in bone growth,
repalr and regeneration signalling pathways.

In one embodiment, the nucleic acid molecules of
the invention or variant forms thereof may be used to
decrease expression of DLX3A. In this embodiment,
antisense molecules are employed which are targeted to

DLX3MA-encoding genes. The use of antisense molecules
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to decrease expression levels of a pre-determined gene
is known in the art.

Overproduction of DLX3 in transfected cells may
be assessed by immunofluorescence or any other
standard technique known in the art. Alternatively,
overexpression of DLX3 by this method may facilitate
the isolation and characterization of other components
involved in the protein-protein complex formation that
occurs during bone regeneration and repair.

As described above, DLX3-encoding nucleic
acids are also used to advantage to produce large
quantities of substantially pure DLX3 protein, or
selected portions thereof. Finally, the availablity
of the complete coding region for DLX3 proteins
provides reagents for site-directed mutagenesis to
generate proteins with differing biological

activities.

B. DLX3 Protein and Antibodies

Purified DLX3, or fragments thereof, may be
used to produce polyclonal or monoclonal antibodies
which also may serve as sensitive detection reagents
for the presence and accumulation of DLX3 (or
complexes containing DLX3) in cultured cells.
Recombinant techniques enable expression of fusion
proteins containing part or all of the DLX3 protein.
The full length protein or fragments of the protein
may be used to advantage to generate an array of
monoclonal antibodies specific for various epitopes of
the protein, thereby providing even greater
sensitivity for detection of the protein in cells.

Polyclonal or monoclonal antibodies

immunologically specific for DLX3 may be used in a

18



WO 99/43784 PCT/US99/04237

10

15

20

25

30

variety of assays designed to detect and quantitate
the protein. Such assays include, but are not limited
to: (1) flow cytometric analysis; (2) immunochemical
localization of DLX3 in cells; and (3) immunoblot
analysis (e.g., dot blot, Western blot) of extracts
from various cells. Additionally, as described above,
anti-DLX3 can be used for purification of DLX3 (e.g.,
affinity column purification, immunoprecipitation).

From the foregoing discussion, it will be
appreciated that DLX-encoding nucleic acids, DLX3
expressing vectors, DLX proteins and anti-DLX
antibodies of the invention can be used to detect DLX3
gene expression and alter DLX protein accumulation for
purposes of assessing the genetic and protein
interactions involved in osseous growth, development,
regeneration and repair.

The definitions set forth below are provideﬁ»to
facilitate understanding of the subject matter of the
present invention:

With reference to nucleic acids of the invention,
the term "isolated nucleic acid" is sometimes used.
This term, when applied to DNA, refers to a DNA
molecule that is separated from sequences with which
it is immediately contiguous (in the 5' and/or 3'
directions) in the naturally occurring genome of the
organism from which it was derived. For example, the
"isolated nucleic acid" may comprise a DNA molecule
inserted into a vector, such as a plasmid or virus
vector, or integrated into the genomic DNA of a
procaryote or eucaryote. Recombinant plasmids or
vectors containing novel DLX3 genes that may be
propagated in E. coli, S. cerevisiae, S§. pombe,

baculovirus and mammalian or insect tissue culture
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cells are contemplated for use in the present
invention. These vectors may optionally contain
strong constitutive promoter elements to facilitate
high expression of the DLX genes of the invention.
Alternatively, they may contain inducible promoter
elements so that expression of the DLX3 genes of the
invention can be controlled by addition of an inducer
compound.

The term "natural allelic variants" is used
herein to refer to various specific nucleotide
sequences and variants thereof that would occur in a
human population. The usage of different wobble
codons and genetic polymorphisms which give rise to
conservative or neutral amino acid substitutions in
the encoded protein are examples of such variants.
Additionally, the term "substantially complementary"
refers to oligo sequences that may not be perfectly
matched to a target sequence, but the mismatches do
not materially affect the ability of the oligo to
hybridize with its target sequence under the
conditions described.

The term “selectable marker gene” refers to
a gene product that when expressed confers a
selectable phenotype such as antibiotic resistance on
a transformed cell.

With respect to RNA molecules of the
invention, the term "isolated nucleic acid" primarily
refers to an RNA molecule encoded by an isolated DNA
molecule as defined above. Alternatively, the term
may refer to an RNA molecule that has been
sufficiently separated from RNA molecules with which
it would be associated in its natural state (i.e., in

cells or tissues), such that it exists in a
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"substantially pure" form (the term "substantially
pure" is defined below) .

With respect to protein, the term "isolated
protein" or "isolated and purified protein" is
sometimes used herein. This term refers primarily to
a protein produced by expression of an isolated
nucleic acid molecule of the invention.

Alternatively, this term may refer to a protein which
has been sufficiently separated from other proteins
with which it would naturally be associated, so as to
exist in "substantially pure" form.

The term "substantially pure" refers to a
preparation comprising at least 50-60% by weight the
compound of interest (e.g., nucleic acid,
oligonucleotide, protein, etc.). More preferably, the
preparation comprises at least 75% by weight, and most
preferably 90-99% by weight, of the compound of
interest. Purity is measured by methods appropriate
for the compound of interest (e.g. chromatographic
methods, agarose or polyacrylamide gel
electrophoresis, HPLC analysis, and the like).

Proteins may be expressed in desired cell
types to high levels and purified using conventional
methods. Following purification, proteins may be
lyophilized and stored for long periods.

With respect to antibodies of the invention,
the term "immunologically specific" refers to
antibodies that bind to one or more epitopes of a
protein of interest (e.g., DLX3), but which do not
immunospecifically recognize and bind other molecules
in a sample containing a mixed population of antigenic
biological molecules.

With respect to oligonucleotides, the term
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"specifically hybridizing" refers to the association
between two single-stranded nucleotide molecules of
sufficiently complementary sequence to permit such
hybridization under pre-determined conditions
generally used in the art (sometimes termed
"substantially complementary"). 1In particular, the
term refers to hybridization of an oligonucleotide
with a substantially complementary sequence contained
within a single-stranded DNA or RNA molecule of the
invention, to the substantial exclusion of

hybridization of the oligonucleotide with single-

- stranded nucleic acids of non-complementary sequence.

The term “promoter region” refers to the 5'
regulatory regions of a gene. 1In the present
invention, the use of both strong constitutive gene
promoters and inducible gene promoters is
contemplated. An exemplary 5' region of the present
invention is provided in Sequence I.D. No. 5. See
Figure 6.

The term “operably linked” indicates that the
regulatory sequences necessary for expression of the
coding sequence are placed in the DNA molecule in the
appropriate positions relative to the coding sequence
so as to effect expression of the coding sequence.
This same definition is sometimes applied to the
arrangement of transcription units and other
transcription control elements (e.g. enhancers) in an
expression vector.

The term “DNA construct” refers to a genetic
sequence in a form adapted to transform cells. These
constructs may be administered to cells in a viral or
plasmid vector. Other methods of delivery such as

electroporation, polyethylene glycol mediated
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transformation and calcium phosphate precipitation are
also contemplated to be within the scope of the
present invention. Standard methods for delivery of
DNA and protocols for preparing the transforming DNA
may be found in Current Protocols in Molecular
Biology, eds. Frederick M. Ausubel et al., John Wiley
& Sons, 1995.

The nucleic acids, proteins and antibodies
of the present invention are useful as research tools
and will facilitate the elucidation of the mechanistic
action of the novel genetic and protein interactions
involved in osseous growth, development, repair and
regeneration. They should also find broad application
in the elucidation of the signal transduction pathway
directing bone growth and regeneration.

The following specific examples are provided
to illustrate embodiments of the invention. They are
not intended to limit the scope of the invention in

any way.

IDENTIFICATION OF A MUTATION IN
DLX3 ASSOCIATED WITH TDO SYNDROME

To identify genes involved in craniofacial
development, the TDO syndrome has been investigated.
The cloning and characterization of the DLX3 gene and
its mutated counterpart, involved in this disorder is
described hereinbelow.

The following methods are provided to facilitate
practice of the present invention.

DNA analysis.
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Total genomic DNA was isolated from lymphoblasts or
buccal swabs of all TDO family members and North

Carolina controls as previously described (5).

Radiation Hybrid Mapping.

Each polymorphic marker used in linkage analysis was
typed by PCR on the G3 and TNG3 whole genome radiation
hybrid panels (Research Genetics, Huntsville, AL).
Retention patterns were analyzed using the RHMAP
version 3.0 program package (33). Two point lod
scores between markers were determined and a framework
map based on the genetic order of the polymorphic
markers was built using the RHMAXLIK program. DLX7
was placed within the framework map using primers

DLX7ex2F and DLX7ex2R.

PCR amplification of DLX7.

The coding sequence of DLX7 was amplified by PCR using
primers designed from the previously published
sequence (Genbank accession, Q92988). A 1.6kb
fragment containing exon 1, exon 2 and the intervening
intron was amplified using forward primer (DLX7F) 5'-
GCTCACGGACCCATACGAGT-3' (SEQ. ID NO: 6) and the
reverse primer (DLX7R) 5’-CAAGGAAAAATCGCTGGGTGG-3’
(SEQ. ID NO: 7). PCR was performed in 50uL reactions
containing 100ng genomic DNA, 10mM TrisHCl (pH 8.2),
1.5mM MgCl,, 50mM KCl, 0.2mM dNTPg, 0.5uM each primer,
5% DMSO, 2U Taqg Extender (Stratagene, La Jolla, CA)
and 2U Taqg polymerase. The reaction mixture was
denatured for 5 minutes at 95°C after which Tag
polymerase was added. The reaction mixture was then
cycled 35 times at 94°C for 1 minute, 59°C for 1

minute, and 72°C for 5 minutes and followed by a final
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extension at 72°C for 5 minutes. The PCR product was
gel purified and the DNA was isolated by Wizard PCR
preps (Promega, Madison, WI). Exon 1 was sequenced
using the primers DLX7F and DLX7exlR (5'-
GCCACAGCACCAATCCATC-3"; >SEQ. ID NO: 8). Exon 2 was
sequenced using primers DLX7ex2F (5'-
GCTAGACAGGGAGACATGG-3'; SEQ. ID NO: 9) and DLX7ex2R
(5’ -CCCATCTGGAGCTGGTTTC-3’; SEQ. ID NO: 10).
Sequencing was performed by the Wake Forest University
Medical Center Sequencing Core facility using a Prism
377 automated sequencer (Applied Biosystems, Foster

City, CA).

Cloning and sequencing of Human DLX3.

Bacterial artificial chrosome (BAC) clones 526014 and
535K4 were isolated from the human BAC library version
ITI (Research Genetics, Huntsville, AL) using DLX7F
and DLX7ex1lR primers by sequential PCR screening. The
BAC clones were digested with BamHI, EcoRI, Smal, and
PstI. The digests were analyzed by electrophoresis
through a 1% agarose gel and blotted in duplicate to
nylon membranes. One set of membranes was probed with
a degenerate oligonucleotide from the 3’ end of the
homeobox and the second membrane was probed with a
degenerate oligonucleotide from the 5’ end of the
homeobox (28). Two hybridizing bands were observed in
all digests, one corresponding to DLX7 as found by
probing the same membranes with the 1.6kb DLX7 PCR
fragment (see above), and the other corresponding to
the putative DLX3 gene. The putative DLX3 fragments
were subcloned and sequenced using overlapping sets of
primers from either end using automated sequencing.

Both DNA strands of the three exons and two introns
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were sequenced in their entirety. This sequence was
deposited into Genbank (AF028233). Nucleotide and
protein sequences were analyzed and compared to known

sequences using GCG programs (Madison,WI).

Identification of CA/GT dinucleotide repeat
polymorphism associated with DLX3.

A dinucleotide repeat polymorphism was identified 440
bp upstream of the putative ATG start site through
sequence analysis. The polymorphism was amplified by
PCR with primers DLX3F (5'-CTTATCTGGGCTGGAGCTA-3';
SEQ. ID NO: 11) and DLX3R (5’-GCGCTGATTGGCTGCAAGT-3';
SEQ. ID NO: 12). Two point linkage analysis using the
four North Carolina families was performed using MLINK
program version 5.1 from the LINKAGE computer program

package as previously described (29).

Mutation detection.

The DLX3 gene was sequenced in two affected members
and two unaffected members of TDO pedigree 1 to search
for a mutation. Each exon was amplified individually
using primer pairs depicted in Figure 2. Exon 3 was
amplified by PCR using DLX3E3F (Figure 2) and DLX3E3R
5/CTCCCATACACCTCACCCG 3’ (SEQ. ID NO: 13). The PCR
reaction was done as described for DLX7 except that
the extension time was shortened to 1 minute and the
anneal temperatures were as follows: exon 1 (60°C),
exon 2 (60°C), and exon 3 (55°C). The PCR products
were purified as above and the nucleotide sequence was
determined using the automated sequencer.
Additionally, exon 3 PCR products from two affected
TDO individuals (Family 1, individuals III-15 and IV-

12) were subcloned into pGEM-T (Promega, Madison, WI)
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and 6 individual clones were sequenced which revealed
the normal and deleted sequence.

PCR amplification of all members of the TDO
pedigrees was carried out using DLX3mutl and DLX3mut2
(boxed primers in Figure 2). The normal allele
results in a product of 145 nucleotides and the
deleted allele is 141 nucleotides. PCR amplification
was performed on 50ng of genomic DNA using 25pmol of
each oligonucleotide and 5pmol of endlabelled DLX3mutl
in a standard 10uL reaction. DNA was denatured at
95°C for five minutes, followed by 30 cycles of
denaturation at 94°C for 40s, annealing at 58°C for
40s, and extension at 72°C for 40s. The PCR products
were analyzed by electrophoresis through a 6%

denaturing polyacrylamide gel and autoradiography.

RESULTS
Identification of a common haplotype in the TDO
region.

Previous reports placed the TDO linkage within a
7cM region of chromosome 17g21 (29). To evaluate the
possibility that these families inherited the TDO
locus from a common ancestor, the haplotypes inherited
in the four North Carolina families with multiple
polymorphic markers in the linked region were
investigated. A common haplotype in the families was
observed for markers D17S941 and D17S943 (Figure 1),
effectively narrowing the TDO candidate region to 5 cM
between D17S806 and D175788 (30). Two additional TDO
families (6 affected, 1 unaffected member) from
central North Carolina were typed for markers D17S941
and D178943 and also found to contain this common

haplotype. These families were not known to be related
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to the four families used in the original linkage
analysis. Although available, these two families were
not used in the original linkage analysis because
their small size added little to the analysis. The
common haplotype suggests that affected individuals
from these six families shared a common genetic region
“identical by descent” and revealed an ancestral
recombination between D17S806 and D17S943. Each
affected member of the six pedigrees carried allele 5
at D178943 and allele 4 at D17S941. Only genes that
mapped to this common haplotype region were considered

possible TDO candidate genes.

Mapping of DLX7 to the common haplotype region and
mutational analysis.

Hundreds of expressed sequences, including several
candidate genes which could account for the tissue
involvement and/or phenotype of TDO, are located in
17g21 (31, 32). To determine whether these candidate
genes mapped to the defined common haplotype region,
it was necessary to construct a physical map of the
region. A radiation hybrid (RH) map of the TDO region
was constructed using the Stanford G3 and TNG3 whole
genome RH panels (33). Each polymorphic marker used
in linkage analysis was typed in both panels to
construct a framework map of the TDO region, and STSs
from candidate genes were added to this map (data not
shown). The human DLX7 gene had been previously
mapped to 17g21-22, a region which includes the 5 cM
TDO common haplotype interval (28). Using the
framework RH map and primers derived from the
published sequence, DLX7 locus was further localized

to the common haplotype region within 200 kb of
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D175943.

To assess the possible roles of distal-less genes
in the development of teeth (12, 25, 27), expression
of these genes in tissues involved in TDO, and
localization of DLX7 to the common haplotype region,
DLX7 was further analyzed. The entire DLX7 gene was
amplified by PCR from human genomic DNA using primers
from the 5’ and 3’ untranslated regions of the gene
according to the above-described methods. The
resulting 1.6kb PCR product consists of two exons
separated by a 429 bp intron (GenBank AF028235). The
5’ end of the homeodomain is contained in exon 1 while
the 3’ end is contained in exon 2. Interestingly,
murine dlx7 consists of three exons, with the
homeodomain residing in exons 2 and 3 (28). The DLX7
gene, including both exons and splice sites, from two
affected and two unaffected TDO individuals was

sequenced and no mutations were identified.

Cloning, nucleotide sequence analysis, and chromosomal
location of the human DLX3 gene.

Murine studies indicate that another distal-less
homologue, dlx3, resides close to dilx7 (28). The
results of physical mapping studies revealed that
human DLX3 is located in close proximity to DLX7. Two
human BAC clones were isolated using the 3’
untranslated region of DLX7 with the hypothesis that
these BAC clones would also contain the entire DLX3
gene. Southern blot analysis using degenerate
homeobox oligonucleotides as probes indicated that
both BAC clones contained two homeobox regions.
Subclones containing fragments of the putative DLX3

homeobox region were prepared, and the nuclectide
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sequence of the flanking and protein coding regions
were determined, (GenBank Accession No.: AF028233)
See Figure 2.

The human DLX3 gene consists of three exons with
the homeobox contained in exons 2 and 3. Exons 1 and
2 are separated by a 1.lkb intron; exons 2 and 3 are
separated by a 1.6kb intron. The presence of an
inframe stop codon at -158 bp and the absence of other
inframe ATG codons is consistent with the assignment
of the ATG initiation codon in Figure 2.
Additionally, the sequence surrounding the initiator
ATG codon conforms to the consensus Kozak sequence (°°
GCCGCC[A or G]CCAUGG **) with 9 out of 13 nucleotides
matching the consensus (Figure 2) (34). The most
highly conserved purine (A or G) at position -3 is
present in human DLX3 and should be sufficient to
direct translation (34). Comparative analysis of the
nucleotide and derived amino acid sequences revealed
that human DLX3 is more similar to the mouse,
zebrafish, axolotl, xenopus, and newt dlx3 than to any
other distal-less family members (Figure 2). Within
the homeobox region, the putative DLX3 is 100%
identical to mouse, axolotl, newt, zebrafish, and
xenopus dlx3. Over the entire protein, DLX3 is 98%
identical to mouse dlx3, 77% identical to axolotl
dlx3, 75% identical to newt dlx3, 69% identical to
zebrafish dlx3, and 67% identical to xenopus dlx3,
indicating that it is in fact the human homologue of
dlx3. A 2.5 kb DLX3 transcript in human placental RNA
has been detected by Northern blot analysis which is
the same size transcript detected in mouse embryos
(18) .

The human DLX3 gene was localized to the common
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haplotype region using RH mapping. Additionally, the
DLX3 gene was sublocalized by flourescent in situ
hybridization (FISH) to chromosome 17g20-21 (data not
shown) . In order to rule out a deletion of the entire
DLX3 or DLX7 gene in TDO patients, subclones
containing DLX3 alone, DLX7 alone, or both genes were
used in FISH analysis of two affected and two
unaffected members of TDO pedigree 1. A positive
signal was observed on both copies of chromosome 17
for all probes in all individuals indicating a large
deletion is not responsible for the TDO phenotype in

these individuals.

DLX3 polymorphism.

The nucleotide sequence of DLX3 revealed a CA/GT
dinucleotide repeat 440bp upstream from the putative
ATG start site (GenBank AF028234). This dinucleotide
repeat proved to be highly polymorphic with
heterozygosity rates of 0.85 in Caucasians, and 0.90
in African Americans. Two point linkage analysis was
performed between the DLX3 polymorphism and TDO in the
four North Carolina families used in linkage analysis.
A maximum lod score of 9.15 at theta 0.00 was observed
using the four North Carolina TDO families studied in
the original linkage analysis (29). A common allele
was observed in all affected members of these four
pedigrees and the two small pedigrees not used in the
original linkage analysis, thus placing the marker

within the common haplotype region (Figure 1).

Mutational analysis of DLX3.
To search for a mutation in DLX3 which might

contribute to TDO in these six North Carolina
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families, we sequenced PCR products from the three
exons in two affected members and two unaffected
members of pedigree 1. Each exon including flanking
sequences was amplified by PCR and sequenced using
primers depicted in Figure 2. We detected a deletion
of four G nucleotides in one allele of the two
affected members of family 1 (individuals III-15, and
IV-12) at nucleotide 3198 (29). The deletion mutation
in the two affected members rendered the sequence
unreadable in the PCR products; therefore, the
products were subcloned. Six individual clones from
the two affected members were sequenced, clearly
revealing the 4 base pair deletion in one allele, the
other allele being normal (Figure 4). This deletion
results in a frameshift of the 3’/ terminal portion of
DLX3 (Figure 2) but leaves the homeodomain intact. An
inframe termination codon is present in the deletion
allele at nucleotide 3398; this results in a mutant
protein which is 32 amino acids shorter than the
normal DLX3 protein. The four base pair deletion was
observed in only one copy of the DLX3 gene which is
consistent with TDO being inherited as an autosomal
dominant disorder.

Members of the TDO pedigrees were analyzed for this
DLX3 deletion using PCR (Figure 5). Primers flanking
the deletion (DLX3mutl and DLX3mut2 in Figure 2) were
used to examine all members of the six North Carolina
TDO pedigrees (46 affected, 24 unaffected). All
affected TDO individuals carried one copy of DLX3 with
the 4 base pair deletion (141 bp) and one normal copy
of DLX3 (145 bp). The 24 unaffected individuals only
carried the normal 145 bp allele. 1In addition, 100

unrelated Caucasian controls from North Caroclina were

32

PCT/US99/04237



10

15

20

25

30

WO 99/43784

tested for the mutation, and none were found that
contained this deletion. Taken together, the analysis
conducted of members of the TDO families and of
unrelated individuals from similar ethnic background
showed a complete correlation of the mutant allele
with the disease phenotype and strongly suggests that
the four base pair deletion in DLX3 is responsible for

TDO.

DISCUSSION

The observation that a deletion of four G
nucleotides in DLX3 is present in all affected TDO
members in six families tends to indicate that this
mutation is responsible for TDO. There are several
noteworthy reasons supporting this conclusion. First,
complete concordance between genotype and disease
status in 46 affected and 24 unaffected individuals
from these six families was observed. Second, the
four base pair deletion found in all affected
individuals results in a frameshift and premature
termination of the 3’ half of the DLX3 protein. This
mutation in DLX3 is likely to alter the function of
the protein. Third, the expression pattern of dix3 in
mice is highly correlated with the tissues affected in
TDO patients.

The most penetrant clinical findings in TDO
patients are the presence of taurodontism and enamel
defects in teeth. 1In early murine tooth formation
(bud and cap stage), dlx3 is primarily expressed in
the neural crest derived mesenchymal component of the
tooth that will later give rise to the dentin and pulp
(17) . However, in the late bell stage, as the inner

enamel epithelium and mesenchyme undergo terminal
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differentiation, dlx3 expression shifts to being
predominantly expressed in the inner enamel epithelium
and preameloblasts, while the outer enamel epithelium
does not show dIx3 expression (17). The inner enamel
epithelium gives rise to the ameloblasts that are
responsible for enamel formation and this pattern of
dlx3 expression is thus consistent with the thin
pitted enamel TDO phenotype. Furthermore, the inner
enamel epithelium eventually forms Herwigs root sheath
which is responsible for establishing root morphology.
Failure of Herwigs root sheath to invaginate at an
appropriate time results in taurodontism as is seen in
TDO. The whisker and hair follicles of mice strongly
express dlx3 before birth followed by a decrease in
expression after birth. This could correlate to the
kinky, curly hair observed in TDO patients at birth,
that in over half the cases straightens during
infancy. The osseous cranial changes in TDO patients
are more difficult to characterize and quantitate than
the presence of hair and tooth anomalies, but murine
dlx3 expression has been detected in the dense
mesenchyme of the branchial arches which subsequently
condenses and ossifies to form the bones of the skull
and face (17).

The phenotype observed in TDO patients is not as
severe as the phenotype observed in dIlxl or dlx2
homozygous null mice (16), although some of the same
tissues are affected. One explanation for this
difference in phenotypic expression is that TDO
patients have one normal allele of DLX3, possibly
fulfilling the normal function, whereas the null
mutant mice lack expression of dlxl and/or dlx2.

Another explanation for this difference in severity
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hinges on the overlapping yet distinct expression of
the dix genes. DIxl and dlx2 are expressed in the
mesenchyme of both proximal and distal region of the
branchial arches, yet the phenotype of the null
mutants is only observed in proximal derived
structures (16). Studies to date indicate that dlx1,
2, 3, 5, 6, and 7 are all expressed in the most distal
regions of the first and second branchial arches,
whereas only dIlxl and dIx2 are expressed in the
proximal portions of these arches. Therefore, it can
be envisioned that other dlx proteins are compensating
for the absence of dixl and dlx2 in the distal derived
structures. Although dilxl and dlx2 have similar
spatial and temporal expression patterns, the single
null mutants differ considerably suggesting that small
differences in expression patterns of the dlx genes
can account for different phenotypes. . Furthermore,
only the double null mutants (dixil-/- dlx2-/-)
exhibited a tooth phenotype, implying that dixl and 2
can compensate for the loss of one another.

Recently, another homeobox gene, REIG1l, has been
implicated in Reiger syndrome, a disease affecting
multiple tissues including the eyes, teeth, and
umbilical cord (35). Dental findings include enamel
hypoplasia, conical and misshapen teeth, hypodontia,
and impactions (35). Of the six mutations identified
in the REIG1 gene, five were found within the
homeodomain. The sixth mutation produced premature
termination of the REIG1l protein 34 amino acids distal
to the homeodomain, thus altering the C-terminal
region of the protein (35). While the mutation in DLX3
presented here does not occur within the homeobox

region, the 3’ half of the protein would be affected
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by the deletion. Two mechanisms could account for the
dominant TDO phenotype. First, the mutation could act
as a gain of function mutation. For example, the
mutant DLX3 protein might bind to specific DNA
sequences but not activate transcription; or the
mutant DLX3 could interact with other transcription
factors or the transcription machinery resulting in
functional inactivity. Alternatively,
haploinsufficiency could account for the TDO phenotype
if genes that are activated/repressed or interacting
with DLX3 are highly sensitive to the amount of DLX3
in the cell. Analysis of the DLX3 frameshift mutant
could help elucidate the consequences of this mutation
on DLX3 structure, protein interactions, DNA binding,
and activation/repression of transcription.

This report of a human mutation in a DLX gene
provides insight into the importance of DLX3 in the
development of dentition as well as normal
craniofacial development. The most penetrant clinical
findings associated with TDO, taurodontism and enamel
hypoplasia, affect both the primary and permanent
dentition. The wvariable osseous changes occur well
into adulthood implying that DLX3 is expressed early
in development, and possibly normal or mutant DLX3 is
expressed throughout life. An increased understanding
of how DLX3 functions, together with additional
assessment of tissue specific and temporal expression
of vertebrate DLX3 may increase our understanding of
the effects of the mutated human DLX3 in TDO and also
help define the roles of the distal-less genes in

craniofacial and odontogenic development.

EXAMPLE II
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GENETIC TESTING OF PATIENTS FOR THE
PRESENCE OF DLX3 MUTATIONS

As described in Example I, a four nucleotide
deletion in the DLX3 gene is present in TDO patients.
The availability of the nucleic acids having the
sequence of Sequence I.D. Nos. 1 and 3 as well as the
PCR primer sets set forth in Example I provide
reagents for genetic testing in patients for the
presence of absence of the DLX3 mutation described
herein.

DNA may be isolated from either blood or buccal
swabs. For a DNA isolation from the cheek, a buccal
swab is obtained. The swab is immersed in 600
microliters of 50 mM NaOH in a 1.5 ml eppendorf tube.
The tube is then vortexed for 10 seconds followed by a
5 minute incubation in a 95 degree hot water bath.
Following this incubation, 60 microliters of Tris
(lmM, pH 8.0) is added to the tube and the sample
vortexed for an additional 10 seconds. The tube is
centrifuged in a microfuge for 1 minute to pellet the
DNA. The supernatant is then discarded and the sample
frozen or the DNA processed for PCR as described above
in Example I. Following DNA amplification, the DNA is
sequenced in an automated DNA sequencer to confirm the

results obtained with PCR.
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modifications may be made to the present invention
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without departing from the scope and spirit thereof,

as set forth in the following claims.
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What is claimed is:

1. An isolated double-stranded nucleic acid
molecule which specifically hybridizes with SEQ ID NO
1, said nucleic acid molecule comprising a coding
region for a human DLX3 protein having a molecular
weight of about 32 kD, said encoded DLX3 protein

comprising a homeobox domain.

2. The nucleic acid molecule of claim 1, which

is DNA.

3. The DNA molecule of claim 2, which is a cDNA
comprising a sequence approximately 2.5 kilobase pairs

in length that encodes said human dlx3 protein.

4. The DNA molecule of claim 2, which is a gene
comprising introns and exons, the exons of said gene
specifically hybridizing with the nucleic acid of SEQ
ID NO 1, and said exons encoding said human DLX3

protein.

5. An isoclated RNA molecule transcribed from

the nucleic acid of claim 1.

6. The nucleic acid molecule of claim 1,
wherein said coding region for said human DLX3 protein
encodes an amino acid sequence selected from the group
consisting of an amino acid sequence having SEQ ID NO:
2 and amino acid sequences encoded by natural allelic

variants of said nucleic acid molecule.

7. The nucleic acid molecule of claim 6, which
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comprises SEQ ID NO: 1.

8. An isolated nucleic acid molecule comprising
a sequence selected from the group consisting of:
a) SEQ ID NO: 1;
b) a sequence which specifically hybridizes
with SEQ ID NO: 1; and
c) a sequence encoding a polypeptide of SEQ

ID NO: 2.

9. An oligonucleotide between about 10 and about
200 nucleotides in length, which specifically
hybridizes with a protein translation initiation site
in a nucleotide sequence that encodes amino acids of

SEQ ID NO: 2.

10. An isolated human DLX3 protein, having a
molecular weight of about 32 kD, said encoded protein

comprising a homeobox domain.

11. An antibody immunologically specific for

the isolated protein of claim 10.

12. An antibody as claimed in claim 11, said

antibody being monoclonal.

13. An antibody as claimed in claim 11, said

antibody being polyclonal.

14. An isolated double-stranded nucleic acid
molecule which specifically hybridizes with SEQ ID NO:
3, said nucleic acid molecule comprising a coding

region for a human DLX3A protein, said DLX3A protein
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comprising a homeobox domain.

15. The nucleic acid molecule of claim 14,

which is DNA.

16. The DNA molecule of claim 15, which is a
cDNA comprising a sequence approximately 2.5 kilobase

pairs in length that encodes said human DLX3A protein.

17. The DNA molecule of claim 15, which is a
gene comprising introns and exons, the exons of said
gene specifically hybridizing with the nucleic acid of
SEQ ID NO 3, and said exons encoding said human DLX3A

protein.

18. An isolated RNA molecule transcribed from

the nucleic acid of claim 14.

19. The nucleic acid molecule of claim 16,
wherein said coding region for a human DLX3A protein
encodes an amino acid sequence selected from the group
consisting of an amino acid sequence having SEQ ID NO:
4 and amino acid sequences encoded by natural allelic

variants of said nucleic acid molecule.

20. The nucleic acid molecule of claim 19,

which comprises SEQ ID NO: 3.

21. An isolated nucleic acid molecule
comprising a sequence selected from the group
consisting of:

a) SEQ ID NO: 3;

b) a sequence which specifically hybridizes
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with SEQ ID NO: 3; and
c) a sequence encoding a polypeptide of SEQ

ID NO: 4.

22. An oligonucleotide between about 10 and
about 200 nucleotides in length, which specifically
hybridizes with a protein translation initiation site
in a nucleotide sequence that encodes amino acids of

SEQ ID NO: 4.

23. An isolated human DLX3A protein, having a
molecular weight of about 29 kD, said encoded protein

comprising a homeobox domain.

24. An antibody immunologically specific for

the isolated protein of claim 23.

25. An antibody as claimed in claim 24, said

antibody being monoclonal.

26. An antibody as claimed in claim 24, said

antibody being polyclonal.

27. A method for genetic screening for a DLX3
mutation in a patient, comprising:
a) isolating DNA from said patient;
b) amplifying DLX3 encoding sequences from
said DNA using primers specific for the DLX3 gene;
c) analyzing said amplified DNA for the

presence or absence of the DLX3A mutation.
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DLX3ELF —*

LSL&QQQQLQQQQLSQQLLQCthCCtCthggaggCC&QCCCngggaggtgcagcqcc

CgccaggATGAGTGGCTCCTTCGATCGCAAGCTCAGCAGCATCCTCACCGACATCTCCAG
M S G S F D R KL s s I L T D I s S
CTCCCTTAGCTGCCATGCGGGCTCCAAGGACTCGCCTACCCTGCCCGAGTCTTCTGTCAC
S L 8§ C H A G S K DS P TUL P E S S Vv T

TGACCTGGGCTACTACAGCGCTCCCCAGCACGATTACTACTCGGGCCAGCCCTATGGCCA
D L G Y Y S A P Q HD Y Y S G Q P Y G Q

GACGGTGAACCCCTACACCTACCACCACCAATTCAATCTCAATGGGCTTGCAGGCACGGG
T V N P Y T Y H HQ F NULNG L A G T G

CGCTTACTCGCCCAAGTCGGAATATACCTACGGAGCCTCCTACCGGCAATACGGGGCGTA
A Y S P K S E Y T Y G A S Y R Q Y G A Y

TCGGGAGCAGCCGCTGCCAGCCCAGGACCCAGgtgagggccacggggtcgcgaggﬁggg;
R E Q P L P A Q D P V

gggagacactgaaa
<+—DLX3E1R
2
DLX3E2F'——*

ggg;ggg;gggggggggcgaggggcgtccggcggggccctggagggthcaggagtcgca

ggccgaggctgaaccgcccctcttccgcccggtgcgttccccgcagTGTCGGTGAAGGAG
S V' K E

GAGCCGGAAGCAGAGGTGCGCATGGTGAATGGGAAGCCCAAGAAGGTCCGAAAGCCGCGT

EPEATEVR RMVYVYNGZ KT PZ KKV RKP R

ﬁ
ACAATCTACTCCAGCTACCAGCTGGCCGCCCTGCAGCGCCGCTTCCAGAAGGCCCAGTAC
T I Y S8 8 Y L A A L R R _F K _A Y

____________________________________________________________________.

CTGGCGCTGCCCGAGCGCGCCGAGCTGGCCGCGCAGCTGGGCCTCACGCAGACACAGQtt
L A L P E R A E L A A L G L T
ggtgtttggctgtccaqqgtcgcqggggcchcgggaccccgcagttccccgcgcgctgc

cgagtctggctggccactgaagggccccchggctcccgggng;g;;ggg;:;ggg
<«—DLX3E2R
3

DLX3E3F"" )
nggsggga:&g&g;gggngaCCcaagaaaactgggagtcaggaagcctgtttttCgcctg

attcttatgtgaaattgggttctggcctttctttttcttggctaggttcttgccagggtt

gttttagcaqtctgagaggctaactagptacccctttcttctctggcccagGTGAAAATC
DLX3mutl ) VK I

mmcacuccccccmcmmcmcmacumcceccmcmcccm
WFQNRRSKFKKLYKNGEVPL
GAGCACAGTCCCAATANCAGTGRTTCCATGGCCTGCRACTCACCACCATCACCCECCCTC
E H S PNNSGSDSMACNSU®PPSPAL,
TGGGACACCTCTTCCCACTCCACTCCGGCCCCTGCCCGCAGTCAGCTGCCCCCGCCGCTE
WDTSSHSTPAPARSGOQLE®PPPL,

CATACAGTGCCTCCCCCAGCTACCTGGACGACCCCACCAACTCCTGGTATCACGCACAG
P Y S A SPS VY LDDZPTNSUWYHADQ

AACCTGAGTGGACCCCACTTACAGCAGCAGCCGCCTCAG&CAGCCACCCTGCACCATGCC
N L S G P HLQQOQUZPUPAQ P A T L H H A

TCTCCCGGGcCCCcGCCCAACCCTGGGGCTGTGTACTGAQQaccatccgqcccgcaccct
S P G P P PNUPG AUV Y?*

tgacaaaggaccccaggaccaggce

Figure 2
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101
151
201
251
301
351
401
451

501

551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251

1301

GTGACGCGCG
CCTCGAGGTC
CGAAGGAACC
NGGCGAGTGG
ANATTTGGAT
GGAGGCAGGG
CCCAGCTTGG
GGANCCATTC
GTACANCTCC
CWTCTGCCTA

GCCTGCACCC

TWCTGTGGAA
KTCCCATGCA
CNTNATACCM
CAGANCCAGC
CCTTCAGCARA
GAGATAATTC
AATCCACACA
AATTATGTCT
TCCTAAATAA
ACAAGGATAT
ATCATATATT
CTGATTTTAA
GGTACATTTG
CACACACAAC
TGGGCAAACT

CCAGCCAGAG

6/7

TAATACAATC
GACGGTATCG
ACGAGGTGGC
ACGTGGGGTC
TCTCTCCCCC
ATNAGCTANA
TGGGCTAGAC
TTCANGGMTY
CNSCTACTGG
CAACCACATG

CGCCCCCGAC

CACATNAAAN
NCCAGTCCCC
CAAAATCTGC
CTGTGTCCAC
GAATGGGGNC
TGGTATCACC
GGTCTGCTTC

TTCATAGGCT

AAAGAAAATT

AATAGCAATG
CAAACATTCT
GANAAACCAT
TGTGCCTGTC
CATACCCCAC
CCCCTCCTTG

AAACAGACTG

ACTATAGGGC
ATAAGCTTGA
GCGCTAGCAC
NACGGAGCGA
AAANAAAGGC
CGTTGGGAAC
NGGACTAAAA
YYCYGGTGCT
AGATGARGAA
TTCACACGCG

ACACTCCTGC

TCCTCACATC
ABRNAAGTNTC

CCTTCARANT

CCAACCTCGT

ATCTGTGAAA
GGACAGGCTG
CCCTTCTCCA
CAAGAACATT
TTTTAAATTA
ACTGCATTGC
CTTTCACCTA
TTTCAGGGGC
ATTTGCACAG
CTTAGACCAT
CCCACCTCAC

ACAGATCCTG

Figure 6

GAATTGGGTA
TATCGAATTC
TGCGTTCGCC
GCCGGGCAGG
GAAGGGCNAA
AGCTANCATG
TCTGGGGGTC
RCGAGGANTT
NGTNCTAAGC
GATGGCCCTC

MTGCATGTAC

ACNCACCCCA
CCAATTCCNC
TACTNNNAAK
GGGGACCCAA
CTGCACATAC
TACATCCCCA
ATAGGATCCT
NCTT~GCCCG
CGTTTTTGTA
TATTAAGATA
AAAGGTGTTT
TGTGAGTCCT
TGCGTGCACA
CTCTTTCCAC
CTAAGCCCAT

GGGGCTCCAC
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CCGGGCCCCC
CTGCAGAGCT
CGGCGAGGCA
CTGGGAACTG
ATGGGGTGTG
ACCTANGGGG
CCCACAGAGG
CAGTGGAGCN
GGTCTANACA
CACTCATNCT

CTCTGTTGGA

AATAYANTTC
ANTGCTGTCC
CACACAGTCA
GTCCTTGCTA
ATANCTTTGG
ACAACCTCTA
CCTAGTGCTA
GTGGGCACCT
ATTATGTAAT
ATATATTAAT
TCCTTTTCTT
CACCACTTTG
CGTGTGCACA
AAACACACAA
CTCTCATCCC

AGANCAACCC
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1351

1401

1451

1501

1551

1601

1651

1701

1751

1801

1851

1901

TTCCCCTCCA
CTACAAGAAW
GTGTGTGTGT
GAGGAGGGAG
GCATAGGAGC
CAGCCAATCA
ATAACCGGCT
GCGAGGAGAG
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