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Abstract The tricho-rhino-phalangeal syndromes (TRPS
type L, 11, and III) are autosomal dominant disorders shar-
ing the following characteristics: slowly growing and sparse
scalp hair, medially thick and laterally thin eyebrows, bul-
bous tip of the nose, long flat philtrum, thin upper lip with
vermilion border, and protruding ears. In addition, indi-
viduals with TRPS generally share skeletal and bone
anomalies, including shortening of the phalanges and
metacarpals (mild to severe brachydactyly), cone-shaped
epiphyses, hip dysplasia, and short stature. The etiology of
the different types of TRPS can result from either single
base pair mutations, or the complete deletion of the TRPSI
gene, which encodes a zinc-finger transcription factor lo-
cated on chromosomal band 8q24.1. We have identified
nine heterozygous mutations, five novel and four recurrent,
in unrelated families diagnosed with TRPS. The five novel
mutations identified show 1- or 2-bp deletions and a single
base substitution, whereas all of the recurrent mutations are
single base substitutions. Seven of the nine mutations result
in a premature stop codon, leading to a truncated, nonfunc-
tional TRPS1 protein. The final two mutations are missense
mutations in the GATA DNA binding zinc finger, which is
believed to be important for the protein’s normal function.
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Introduction

Tricho-rhino-phalangeal syndrome type I (TRPS I, OMIM
190350), type II (TRPS II, OMIM 150230), and type III
(TRPS III, OMIM 190351) are autosomal dominant disor-
ders sharing the following characteristics: slowly growing
and sparse scalp hair, medially thick and laterally thin eye-
brows, bulbous tip of the nose, long flat philtrum, thin upper
lip with vermilion border, and protruding ears. In addition,
individuals with TRPS generally share skeletal and bone
anomalies, including shortening of the phalanges and
metacarpals (mild to severe brachydactyly), cone-shaped
epiphyses, hip dysplasia, and short stature.

Recently, the TRPSI gene was identified and mapped
to chromosomal band 8q24.1 by Momeni et al. (2000). The
TRPS1 gene appears to encode a zinc-finger transcription
factor, which is located proximal to the EXTI tumor sup-
pressor gene. The contiguous gene syndrome whose dele-
tions encompass both the EXT7 and TRPSI genes is called
Langer-Giedion syndrome (LGS) or TRPS II (Hou et al.
1995; Liidecke et al. 1995). TRPS Il shares the characteristic
features of TRPS I with the addition of multiple exostoses,
whereas TRPS III only differs clinically from TRPS I by the
appearance of severe brachydactyly and extreme shortness
of stature (Niikawa and Kamei 1986). Liidecke et al. (2001)
has suggested that TRPS III is a subclass of TRPS I, which
specifically contains a missense mutation in the GATA
DNA-binding zinc finger of the TRPS1 protein.

We report here the analysis of nine unrelated TRPS
families revealing both novel and recurrent heterozygous
mutations in the TRPSI gene. Seven of the nine mutations
identified result in a nonfunctional, truncated TRPS1 pro-
tein, leading to the typical characteristics found in TRPS
I patients. The final two mutations were identified as
missense mutations in the GATA DNA-binding zinc finger
found in families displaying the characteristic severe
brachydactyly and extreme short stature of TRPS III.
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Patients and methods

Patient DNA preparations. Genomic DNA was isolated
from whole blood or buccal samples obtained from TRPS
families. Samples were obtained from both normal and
affected individuals in each family. DNA isolations were
performed using the Puregene DNA isolation kit (D-
5000) (Gentra Systems, Inc., Minneapolis, MN, USA)
according to the manufacturer’s protocol.

Polymease chain reaction (PCR) and sequence
analysis. PCR was performed in 50-ul reactions containing
200uM deoxyribonucleoside triphosphates, 0.5uM TRPS1
primers, 1.5mM MgCl,, 1X Thermophylic buffer, 3.35U
Taq polymerase, and 50-200ng patient DNA using stan-
dard PCR conditions. PCR products were cleaned with
exonuclease 1 and shrimp alkaline phosphatase (USB,
Cleveland, OH, USA) prior to sequencing. Proper concen-
trations were determined and samples were sequenced us-
ing an Applied Biosystems (Foster City, CA, USA) DNA
sequencer. PCR products were generated and sequenced
with primers described in Momeni et al. (2000). Coding
exons (3-7) were sequenced for affected individuals and
unaffected individuals from each family.

TRPS patients. Each member of the TRPS families were
required to give informed consent prior to their inclusion in
this study. TRPS families were referred to our laboratory
for deletion analysis and mutation screening of the TRPS!
gene, following a diagnosis of TRPS by the individual’s
physician or clinician. All individuals surveyed revealed no
deletion of the TRPSI gene (as would be expected in TRPS
ITindividuals), but did exhibit a variety of base substitutions
and frameshift mutations within the gene. Each of the af-
fected individuals displayed the characteristic phenotypes
of TRPS I, with the exception of families T0153 and T0202.
Affected members of these families appeared to have fea-
tures more indicative of TRPS III. Each of the affected
T0153 and T0202 family members suffered from severe
brachydactyly as well as a more extreme shortness of stat-
ure than that seen in comparable TRPS I patients. Also of
interest is the observation that the affected individuals of
families T0198 and T0197 suffer from mild learning disabili-
ties and severe clinical depression, respectively.

Results

Mutation screening of TRPS patients was achieved by PCR
amplification and direct sequencing of DNA samples from
unaffected and affected individuals from each of the nine
families. Our analysis of these families detected five novel
and four recurrent mutations. Six of these families dis-
played a familial inheritance pattern, whereas three families
(T0197, T0198, and T0202) showed a de novo appearance in
the proband.

The first four families described here exhibit novel
frameshift mutations resulting in a truncated TRPS1 pro-

Table 1. Summary of TRPSI mutations

Family Location Mutation Amino acid change Syndrome
T0142 Exon 4 1403delA Stop at codon 471  TRPS 1
T0139 Exon 4 1449delG Stop at codon 486 ~ TRPS I
T0197 Exon4  C1591T R531X TRPS I
T0201 Exon 4 1913insG Stop at codon 672  TRPS 1
T0150 Exon4  C2047T R683X TRPS 1
T0199 Exon 5 C2518T R840X TRPS 1
T0153 Exon6  G2723A R908Q TRPS 111
T0202 Exon6  C2756T A919V TRPS 111
T0198 Exon7  3159-60delAT Stop at codon 1057 TRPS1

tein. Family T0139 displays a novel deletion of a guanine in
exon 4 at position 1449. This frameshift results in a prema-
ture stop codon at amino acid 486 (Fig. 1a, Table 1). Family
T0198 shows another novel, de novo mutation in exon 7 at
position 3159-3160. The 2-bp deletion of adenine and thym-
ine also results in a truncated protein because of a prema-
ture stop codon at amino acid 1057 (Fig. 1b, Table 1). A
single nucleotide deletion of an adenine at position 1403 on
exon 4 is seen in family T0142. The mutation in this family
also causes a frameshift, leading to a premature stop codon
at amino acid 471 (Fig. 1c, Table 1). Finally, family T0201
displays an insertion of a guanine at nucleotide position
1913 on exon 4. This particular mutation again produces a
truncated TRPS1 protein because of the premature stop
codon at amino acid 672 within the fifth zinc finger (Fig. 1d,
Table 1).

The final three TRPS I families presented here all show
recurrent mutations (Momeni et al. 2000; Liidecke et al.
2001). Family T0150 shows a transition of cytosine to thym-
ine at position 2047 on exon 4, which causes the amino acid
change R683X, also interrupting the fifth of nine zinc
fingers in the TRPS1 protein (Fig. le, Table 1). Another
cytosine-to-thymine transition is found in family T0199. This
mutation occurs at position 2518 on exon 5, also causing a
premature stop with the amino acid change R840X (Fig. 1f,
Table 1). Although this particular mutation does not result
in a robust peak in Fig. 1, there is a strong difference be-
tween the electropherograms of the affected and unaffected
individuals within this family. These differences are seen
independent of which strand was sequenced. Also, this par-
ticular phenomenon is not isolated to just this individual
or family. Momeni et al. (2000) demonstrated another
family that displayed a similar weak signal for this recurrent
mutation. Finally, family T0197 shows another cytosine-to-
thymine transition. This de novo mutation is located at
position 1591 on exon 4, causing a premature stop codon
with the amino acid substitution R531X (Fig. 1g, Table 1).

The final two mutations described here are missense
mutations in the GATA DNA-binding zinc finger believed
to cause TRPS III. Family T0153 displays a recurrent mis-
sense mutation of a guanine to adenine occurring at posi-
tion 2723 on exon 6. This particular mutation produces
the amino acid substitution R908Q (Fig. 1h, Table 1). The
de novo, missense mutation of cytosine to thymine at nucle-
otide position 2756 is seen in family T0202. This mutation
causes the amino acid substitution A919V (Fig. i, Table 1).
Although this mutation only results in a minor amino acid



Fig. 1a-i. Pedigrees for families a)
showing mutations in the TRPSI
gene. An electropherogram and
subsequent sequence accompany
each of the pedigrees. The mu-
tated sequence is shown below
the normal TRPSI sequence
(bold letters show exact location
of each mutation). An asterisk de-
notes affected individuals in each
family available for analysis. a
Family T0139: guanine deletion;
b Family T0198: adenine-thym-
ine deletion; ¢ Family T0142: ad-
enine deletion; d Family T0201:
guanine insertion; e Family
TO0150: cytosine-to-thymine tran-
sition; f Family T0199: cytosine- d)
to-thymine transition; g Family
TO0197: cytosine-to-thymine tran-
sition; h Family T0153: guanine-
to-adenine transition; i Family
T0202: cytosine-to-thymine tran-
sition. Summary of specific muta-
tions is shown in Table 1
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change, it occurs in a critical and conserved region of the
protein. It also represents a de novo mutation because nei-
ther parent’s DNA shows the mutation.

Discussion

TRPS is believed to result from a haploinsufficiency of the
TRPS1 gene. The subsequent reduction in protein concen-
tration or activity can result from either specific base muta-
tions within the TRPSI gene (as shown here), or by the
deletion of the entire gene, as is common in all TRPS II
(LGS) and some TRPS I patients. Each of the frameshift
and nonsense mutations identified here is predicted to re-
sult in a truncated, nonfunctional TRPS1 protein. In six of
the nine families (T0142, T0139, T0197, T0150, T0199, and
T0201), nonsense or frameshift mutations occur prior to
the nuclear localization signals (NLS). Therefore, incorrect
protein localization may be responsible for their loss of
function. Although the frameshift mutation in family T0198
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resides after the NLS, the resultant protein lacks the tan-
dem Ikaros-like zinc fingers located near the C terminus.
Previous studies with the Ikaros family of transcription
factors have demonstrated that the tandem zinc fingers
are necessary for homo- and hetero-dimerization, and for
normal transcription factor activity (Sun et al. 1999). It has
been suggested that the TRPS1 protein also might self-
associate, or hetero-dimerize with other Ikaros-like tran-
scription factors to maintain its own normal function
(Ludecke et al. 2001). Although the Ikaros family of tran-
scription factors is primarily expressed in lymphoid and
erythroid cells, two new members, Eos and Pegasus, have
been shown to be expressed in many of the same tissues
(e.g., brain, heart, lung, kidney, and skeletal muscle) as
TRPS1 (Perdomo et al. 2000). Taken together, this suggests
that the transcription factors Eos and Pegasus could poten-
tially interact with the TRPS1 protein.

Missense mutations located in the GATA zinc finger
have also been identified in families T0153 and T0202. Fam-
ily T0153 displays a recurrent mutation that presumably
affects the DNA binding affinity of the GATA zinc-finger
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by substituting a neutral, polar (Q) amino acid for a basic
(R) amino acid near the apex of the zinc-finger domain. In
accordance with observations made by Liidecke et al.
(2001), family TO153 also exhibits characteristics indicative
of TRPS III because of the missense mutation in the GATA
zinc finger. Family T0202 also exhibits a de novo missense
mutation that potentially disrupts the GATA zinc finger at
amino acid position 919. The slight amino acid change from
a nonpolar, hydrophobic amino acid (A) to another nonpo-
lar, hydrophobic amino acid (V) occurs in a crucial zinc-
binding domain between the second group of cysteines
(CNA/VC) in the GATA zinc-finger motif. This amino
acid position is a site of recurrent mutations, although this
potential mutation would be the most subtle mutation re-
corded to date. This particular alanine is also evolutionarily
conserved in all mammalian GATA and GATA-like zinc
fingers, suggesting its importance in normal GATA zinc-
finger structure and function.
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