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The Rapp-Hodgkin syndrome results from mutations

of the TP63 gene
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The Rapp-Hodgkin syndrome (RHS, MIM 129400) corresponds to a rare form of anhydrotic ectodermal
dysplasia, which shares some features with the ectrodactyly, ectodermal dysplasia and cleft lip/palate
syndrome (EEC, MIM 604292) resulting from TP63 mutations. We report here, in two unrelated patients
with RHS, the identification of two distinct TP63 mutations, corresponding to a novel frameshift mutation
(1709DelA, exon 14) located downstream the sterile alpha motif (SAM) domain and to a missense
mutation (R279H, exon 7) within the DNA binding domain. Functional analysis of the R279H mutation,
which had previously been reported in several EEC families, shows that this mutation disrupted the
dominant negative activity of the ANp63a and y isoforms on the transcriptional activity of TP53. This report
shows, on a molecular basis, that RHS is also an EEC-like syndrome resulting from mutations of the TP63
gene, and highlights the wide phenotypic spectrum associated to TP63 mutations.
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Introduction

The Rapp-Hodgkin syndrome (RHS, MIM 129400) corres-
ponds to a rare form of anhydrotic ectodermal dysplasia.’
The RHS phenotype variably includes cleft lip/palate, small
mouth, narrow nose, coarse and wiry hairs progressing to
alopecia in adults, oligodontia or anodontia, hypoplasia of
the nails, abnormalities of the lacrimal ducts, deformed
ears and ear canals and diverse genitourinary abnormalities
especially hypospadias in males.?~?

The fact that RHS corresponds to a specific clinical entity
is controversial: indeed, Cambiaghi et al'® have suggested
that RHS and ankyloblepharon-ectodermal defects-cleft
lip/palate syndrome (AEC or Hay—Wells syndrome, MIM
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106260) could correspond to the same entity. The over-
lapping phenotype of RHS with the ectrodactyly, ecto-
dermal dysplasia, and cleft lip/palate syndrome (EEC, MIM
604292) and the association, within the same family, of
RHS and EEC® have suggested that RHS was a phenotypic
variation of the EEC syndrome.

The EEC syndrome was shown to result from mutations
of the TP63 gene located on 3q27,'" a homolog of the TP53
tumor suppressor gene (Figure 1). TP63 mutations were
subsequently identified in several other autosomal dis-
orders sharing some features with EEC: AEC,'? limb-
mammary syndrome (LMS, MIM 603543),"* acro-dermato-
ungual-lacrimal-tooth syndrome (ADULT, MIM 103285)"*
and nonsyndromic split-hand/foot malformation (SHFM,
MIM 605289)."

We report here in two unrelated patients with RHS the
identification of two distinct TP63 mutations, demonstra-
ting, on a molecular basis, that RHS is also an EEC-like
syndrome.



R2791H

I'ransactivation DNA Binding

TP63 mutations in Rapp-Hodgkin syndrome
G Bougeard et al

T'etramerization

1709DelA

Alternative splicing

SAM rp

: /) [ L...__‘.I 7777 : J 641 TAp63o.

TAp63p

TAp63y

] 586 ANp63a

Figure 1

% ——
LLL

Schematic representation of TP63. (a) Genomic organization of the TP63 gene showing (i) the two transcriptional start

ANp63f3

ANp63y

sites, which give rise to TP63 isoforms with (TAp63) or without (ANp63) the transactivation domain, and (ii) the various splicing
leading to the «, f and y isoforms. Black boxes represent untranslated regions. Symbols within exons correspond to the different
functional domains. The positions of the R279H and 1709DelA mutations, detected in the two patients with RHS, are indicated.
(b) The different conserved functional protein domains are indicated. SAM: sterile alpha motif domain, TID: transactivation

inhibitory domain.

Material and methods

Patient 1, a 32-year-old male born from nonconsangui-
neous healthy parents, was referred to us for genetic
counselling in the context of an hypohydrotic ectodermal
dysplasia (Table 1). He presented cleft palate, diffuse
hypotrichosis with short dystrophic and thick hair, sparse
eyelashes and eyebrows, mild hypohydrosis and partial
anodontia. Extremities were normal. Nails of all fingers and
toes were dystrophic. Nipples were normal. He had one
single kidney. There was no history of malformation or
skin abnormalities in the family.

Patient 2, a 25-year-old female, was the third child of
healthy unrelated parents. Absent labia minor, tight vagina
and small uterus were noted at birth. She had surgery for
obstruction of the vagina and lacrymal ducts in the first
year of life, and for bilateral cataract at 20 years of age. She
had an unexplained rise in temperature during childhood.
She presented blepharophymosis, a narrow and pinched
nose, a small mouth with a thin superior lip and normal
uvula, and there was evidence of hypohydrotic ectodermal
dysplasia: skin of the face was thin and dry, scalp hair was
easily breakable, nails were dysplastic, hair at the lateral
side of the eyebrows, eyelids, axilla and pubic region were
sparse and there was hypodontia (19 teeth) with enamel
and dentine dysplasia, and persistence of four deciduous

Table 1 Clinical features in EEC syndrome, AEC
syndrome, RHS and of the two patients
EEC AEC RHS Patient Patient
1 2

Limbs

Ectrodactyly + - - - -

Syndactyly + + - - +
Ectodermal

Ectodermal dysplasia + + + + +

Dry and wiry scalp hair  + + + + +

Nail dystrophy + + + + +

Anodontia/hypodontia + + + + +

Lacrimal duct atresia + + + - +
Facial

Cleft lip/palate + + + - -

Cleft palate - + + + -
Other

Fused eyelid - + - - -

(ankyloblepharon)

Ears/ear canals + + + - -

abnormalities

Genitourinary + + + + +

abnormalities
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teeth. Breast development was normal. Examination of the
extremities revealed a minor loss of substance on the
cubital side of the third phalanx of the left fifth finger, a
minimal medial cleft of the third phalanx of the right fifth
finger, and a cutaneous complete three to four syndactyly
of the right feet. There was no history of malformation or
skin abnormalities in the family. The clinical findings were
most consistent with the diagnosis of the RHS type of
ectodermal dysplasia (Table 1).

The 16 exons of the TP63 gene were PCR-amplified from
genomic DNA, using primers described elsewhere,'® and
directly sequenced using the PRISM Ampli Taq FS Ready
Reaction Dye Terminators sequencing kit (PE Applied
Biosystems) and a PE Applied Biosystems 377 automated
DNA sequencer, as previously described.'*

The R279H mutation was introduced by site-directed
mutagenesis, using the QuickChange XL kit (Stratagene),
into the different human TP63 cDNAs (TAp63c, TAp63y,
ANp63¢, ANp63y) cloned into the pCDNA3 vector
(Invitrogen). For transactivation assays, 2.5x 10> Saos-2
cells, plated in six-well plates, were transfected using
the FuGENE 6 transfection reagent (Roche), with 1ug of
PG13-Luc reporter plasmid, different amounts of TP63
expression vectors and 2pg of the pCS53-SN plasmid,
expressing the wild-type form of human TP53. A constitu-
tive luciferase expression vector (pRL-CMV, 100ng) was
used in all samples to normalize for transfection efficiency
and sample preparation. Cells were lysed 48h after the
transfection and assayed for transactivation using the
Dual-luciferase Reporter Assay System (Promega). All
experiments were performed in duplicate.

Results

In patient 1, we detected at codon 570, within exon 14, a
1bp deletion (1709DelA), resulting in a stop codon 22
amino-acids downstream the normal stop codon
(Figure 2a). In patient 2, TP63 sequence analysis revealed,
within exon 7, at codon 279 (numbered according to the
TAp630 isoform, Genbank accession AF075430) a CGC
to CAC transition resulting into the substitution of a
conserved arginine by an histidine (Figure 2b).

Functional analysis of the R279H mutation, performed in
vitro, showed that this missense mutation did not decrease
the transcriptional activity of the TAp63y isoform on a
TP53 reporter system (Figure 3a) but disrupted the
dominant negative activity of the AN « and y TP63 isoforms
on the transcriptional activity of TPS3 (Figure 3b).

Discussion

Here we report, in two patients with RHS, mutations
within the TP63 gene, suggesting that RHS is part of the
spectrum of phenotypes associated with mutations within
this gene. Yet, we believe that RHS was the most likely
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Figure 2 Detection of heterozygous TP63 mutations in
patients with RHS. The TP63 gene was PCR-amplified from
genomic DNA and directly sequenced. Mutation or deletion
are indicated by an arrow. (a) 1709DelA frameshift deletion
(exon 14) in patient 1. (b) Heterozygous R279H mutation
(exon 7) in patient 2. The predicted amino-acid change is
indicated above the nucleotide sequence. In each panel,
sequences observed in the proband (bottom) and in a
control (top) are shown.

diagnosis in both patients since they did not present either
ankyloblepharon or ectrodactyly, which argues against the
diagnosis of AEC and EEC, respectively (Table 1). Absence
of cleft palate and presence of syndactyly and of genital
malformations observed in patient 2 had already been
reported in families with RHS.>®

In the two patients, we identified one missense and one
frameshift TP63 mutations, respectively. The exact func-
tion of the TP63 protein has not been established so far and
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Figure 3 Functional characterization of the TP63 R279H
mutation using a TP53 reporter system. (a) Analysis of the
transcriptional activity of wild-type and mutant TP63 iso-
forms. Human Saos-2 cells were cotransfected with 1 ug of
PG13-Luc reporter plasmid and 2ug of wild-type TP53
expression vector (black) or with 2ug of wild-type (wt;
white) or mutant (R279H; gray) TAp63ux or y expression
vectors. The relative transactivation activity is given with
respect to TP53 expression vector. (b) Analysis of the
repressing activity of the wild-type and mutant AN isoforms.
Human Saos-2 cells were cotransfected with 1 ug of PG13-
Luc reporter plasmid and 2ug of TP53 expression vector
together with 2 (1:1 ratio with respect to TP53), 4 (1:2) or 10
(1:5) pg of wild-type (wt; white) or mutant (R279H; gray)
ANPp63a or y expression vectors. pPCDNA3 vector was used to
normalize for DNA amount to 13.1 ug in each sample. The
relative transactivation activity is given with respect to
ANp63a expression vector. Error bars indicate SD in
duplicate experiments.

the numerous TP63 isoforms make it difficult to predict the
biological consequences of the mutations. Indeed, the
TP63 gene, composed of 16 exons (Figure 1a), encodes six
main isoforms (Figure 1b). The usage of an alternative
promoter results in isoforms containing or lacking a
transactivation domain (TA) at their NH2-terminus and
respectively designed TAp63 and ANp63 (for a review see
van Bohkoven and Brunner'®). An alternative splicing
produces three different C-termini, o, f, y. All isoforms
contain a DNA binding domain and a tetramerization
domain sharing, respectively 65 and 35% of homology
with that of the TP53 protein and the « isoforms contain an
additional tail with a sterile alpha motif (SAM), involved in
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protein-protein interactions, and a post-SAM transactiva-
tion inhibitory domain (TID). The TA isoforms are able to
activate in vitro TPS3 target genes and the AN isoforms have
dominant activities and constitute transcriptional repres-
sors.!” The mutation identified in patient 1, 1709DelA,
located in the post-SAM region is predicted to affect only
the TP63a isoforms. The R279H mutation, that we
identified in patient 2, appears to be a recurrent TP63
mutation that had been reported in several EEC unrelated
patients.!!131318.19 Interestingly, this residue corresponds
to the R248 hot-spot mutation in TP53. Like all (except
one) TP63 mutations reported in families with the EEC
syndrome, this mutation occurs within the DNA-binding
domain present within all the TP63 isoforms. We found
that the R279H mutation inactivated the repressing
activity of the AN o and y isoforms (Figure 3b), but
surprisingly had no effect on the transcriptional activity
of TAp63y (Figure 3a). We had previously observed that the
TP63 R204Q mutation, detected in a patient with EEC, did
not alter the transcriptional activity of TAp63y (unpub-
lished results) and this had already been reported for the
ADULT R298Q mutation.?° These data suggest that certain
TP63 mutant proteins retain their ability to bind DNA. It is
interesting to note that these two mutations detected in
RHS, like most of the other TP63 mutations described
within the EEC and EEC-like syndromes, have in common
to alter the transdominant negative effect of ANp63«
isoform toward TPS3. Therefore, our data suggest that the
transdominant negative effect of ANp63 toward TP53 does
not result from a competition in the DNA binding.

The identification of missense TP63 mutations within
the DNA binding domain in EEC and of missense
mutations within the SAM domain in AEC had suggested
a genotype-phenotype correlation. In contrast, mutations
in the SAM and post-SAM domains, particularly mutations
impairing the open reading frame, appear to cause a variety
of phenotypes including EEC, LMS, AEC, SHFM and, as
shown by this report, RHS.

In conclusion, this report demonstrates, on a molecular
basis, that RHS is also an EEC-like syndrome and thus
represents the sixth EEC-like developmental dis-
order resulting from alteration of the TP63 gene, which
highlights the wide phenotypic spectrum of TP63
mutations.
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