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A new mutation in TP63 is associated with

age-related pathology
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Increases in the number of allelic malformation syndromes have led to their classification according to
their pathogenesis rather than their clinical specific phenotype. TP63 (also known as TP73L) mutations
have been identified in several such syndromes characterized by autosomal dominant transmission and
various combinations of ectodermal dysplasia, limb malformations and orofacial clefting. TP63 has not yet
been implicated in early aging phenotype in humans, even though p63 activates a program of cellular
senescence and p63-compromised mice display features of accelerated aging. We report on a family with
four affected adult females presenting with Rapp-Hodgkin syndrome (RHS), an autosomal dominant
clinical entity that associates anhidrotic ectodermal dysplasia with cleft lip and palate. Features between
RHS and EEC syndrome (ectrodactyly, ectodermal dysplasia and cleft lip/palate) have led to the recent
identification of mutations in the TP63 gene, located on 327, in this condition. Our patients present
typical clinical features of RHS, but also ophthalmic anomalies such as corneal dystrophy and premature
menopause (around 30 years). The latter findings have never been reported in this condition, and could be
secondary to a new TP63 deletion that has been identified in this family.
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Introduction

The Rapp-Hodgkin syndrome (RHS, MIM 129400) is a rare
form of autosomal dominant anhidrotic ectodermal dys-
plasia.! The RHS phenotype includes hypohydrosis, cleft
lip/palate, small mouth, narrow nose, thin wiry hairs
progressing to alopecia in adults, absent or sparse eyebrows
and eyelashes, oligodontia or anondotia, hypoplastic nails,
abnormal lacrimal ducts, deformed ears and ear canals, and
genitourinary anomalies such as hypospadias in males.?
Overlapping features with ankyloblepharon-ectodermal
defects-cleft lip/palate syndrome (AEC or Hay-Wells

*Correspondence: Dr M Holder-Espinasse, Service de Génétique Clinique,
Hopital Jeanne de Flandre, CHRU, 59037 Lille Cedex, France.

Tel: +33320444911; Fax: 0033320444901;

E-mail: m-holder@chru-lille.fr

Received 23 March 2007; revised 5 June 2007; accepted 6 June 2007;
published online 4 July 2007

syndrome, MIM 106260) and ectrodactyly, ectodermal
dysplasia, cleft lip/palate syndrome (EEC, MIM 129900)
have been previously reported.>* Mutations of the TP63
gene have been identified in the following human
malformation conditions: EEC syndrome,>® AEC syn-
drome,” limb mammary syndrome (MIM 603543),® acro-
dermato-ungual-lacrimal-tooth syndrome (ADULT, MIM
103285),° nonsyndromic split-hand/foot malformation
(MIM 183600),'° isolated cleft lip/palate’’ and RHS.'?
Most of these entities are characterized by limb abnorm-
alities that fit the split-hand/split-foot spectrum, ectoder-
mal dysplasia affecting the hair, teeth, nails and sweat
glands, and other malformations involving the face, the
eyes and the urogenital system. Genotype-phenotype
correlations have been identified in each of these syn-
dromes.” Other conditions such as lacrimo-auriculo-
dento-digital (LADD) syndrome, ectrodactyly cleft palate
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syndrome and curly hair ankyloblepharon nail dysplasia
syndrome have been suggested to be caused by altered
TP63 function but no TP63 mutation in these latter
conditions has been identified so far. Since then, mutations
in FGF10 and other components of the FGF signalling
pathway have been identified in LADD syndrome.'* The
TP63 gene is a p53 tumor suppressor gene homolog and
encodes TP63 that is a transcription factor. TP63 has two
transcription initiation sites and is subject to extensive
alternative splicing, giving rise to at least six isotypes
having various and opposing activities (Figure 1).!%!* One
class of p63 isoforms contains the N-terminal transactiva-
tion domain (TA «, f, y), homologous to that of pS33,
whereas the other class of p63 isoforms lacks this domain
(AN o, f, v) but is still transcriptionally active.'®

The balance between these two groups influences proper
epidermal morphogenesis and the role of p63 in stem cell
maintenance and differentiation seems to be the basis for
most of the defects. Indeed, only Tap63 isoforms are
expressed in the uncommitted surface ectoderm, whereas
ANp63 isoforms are expressed after the surface ectoderm
has committed to a stratification program.'*> The C-
terminus of p63 contains a sterile alpha motif (SAM)
domain involved in protein-protein interactions (ie bind-
ing p63 to the RNA splicing protein, apopbec-1 binding
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protein), in homo and hetero oligomerization via SAM
domains, and a transactivation inhibitory domain (TID),
which may have a repressive role in balancing the effects of
the different p63 isoforms.'®!” As the expression of p63 is
prominent in the proliferating epithelial basal cell layers of
the epidermis in adult humans and mice, the effect of p63
mutations is to disrupt normal ectoderm formation or
function, leading to ectodermal anomalies. Embryonic
expression of p63 in mice is prominent in various tissues,
including corneal epithelial stem cells.'®*=2° Homozygous
p63—/— mice exhibit craniofacial abnormalities, limb
truncations and absence of epidermal appendages.'?

Like epidermis, Miillerian vaginal epithelium undergoes
columnar to stratified squamous trans-differentiation dur-
ing development,?! but the Miillerian duct is not regulated
by the sequential TA to AN expression of p63 isoforms.>?
Cervical/vaginal adenosis and reduced fertility in p63 +/—
mice has already been reported.”® TAp63 seems to be
highly expressed in developing primordial germ cells/
oocytes, but p63—/— ovaries and oocytes develop normally
when grafted in overiectomized adult females. Recently, it
has also been shown that TAp63 protects the female germ
line during meiotic arrest.?*

p63 deficiency activates a program of cellular senescence
and leads to accelerated aging. Indeed, p63+/— mice
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Scheme of P63 gene. (a) Genomic organization of the P63 gene showing the two transcriptional start sites (arrows) and the various

splicing. Exon 10’ (previously referred to as exon 15) is located immediately after exon 10.'%'* The position of the mutation detected in cases Ill-1 and
IV-3 is indicated. (b) Wild-type and mutated a-isoforms. Located in the transactivation inhibitory domain, c.1783delC mutation affects only the «-P63

isoforms.
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display features of early aging such as lack of skin
homeostasis and the inability to maintain hair,*® and
defects were identified in their corneal epithelium (H Vogel
and AA Mills, personal communication).

We report on a three-generation family with at least four
affected individuals, presenting with typical RHS, and new
age-related features, which had not been reported earlier in
this condition, that is corneal dystrophy and premature
menopause. A new TP63 deletion has been identified in
this family. We discuss the role of TP63 in this early-aging
phenotype and the possible consequences of the identified
deletion in our cases.

Materials and methods
Subjects
The cases were identified at the genetic clinic of Le Mans
Hospital, France. Family histories were taken and blood
was collected for DNA analysis, after signed informed
consent. RHS was identified in two patients from a large
family with at least four affected individuals (Figure 2).
Case IV-3 was a 42-year-old woman, who presented with
the association of sparse, uncombable and straw-like hair,
alopecia areata, scanty eyebrows and eyelashes, corneal
dystrophy type Groenouw, which began at 40 years,
hypodontia, cleft palate and macroglossia, limited sweat-
ing, absent tears and mammary hypoplasia (Figure 3a and
b). Nails were normal. Puberty started at the age of 13. She
did not have any children and presented with premature
menopause from the age of 28. Hormonal investigations
revealed elevated FSH (72UI/l) and E2 (32pg/ml) and
progesterone (0.2ng/ml). At 42 years of age, her vision was

New features in RHS with TP63 mutation
M Holder-Espinasse et al @

1117

altered with 5/10 on each eye. Her elder sister, case IV-2,
was also affected and committed suicide. Alopecia started
at the age of 17, and hair was uncombable. She also
presented with sparse eyebrows and eyelashes, absent tears,
corneal dystrophy type Groenouw and Hashimoto thyr-

Figure 3 (a and b) Facial appearance of case IV-3. Note alopecia
aerata and scanty eyebrows. (c) Facial appearance of case Ill-1. Note
alopecia totalis. (d) Hand of case Ill-1. Note short fourth and fifth
metacarpals and dysplastic nails.

v

Figure 2 Pedigree of the family.
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oditis. Puberty started at 13. Her mother, case III-1, was
seen in clinic at the age of 64 years. She also presented with
alopecia areata from the age of 20, which became ‘totalis’
at the age of 50 (Figure 3c¢). Axillary and pubic hair became
absent around the age of 20. She also presented with
multiple dental infections, and most of her teeth were
extracted. Mild deafness appeared recently. She presented
with sparse eyebrows and eyelashes, corneal dystrophy
type Groenouw, which started at 45 years and absent tears.
Nails were dysplastic (Figure 3d). Puberty started at the age
of 13, and premature menopause occurred at the age of 35.
Breasts were hypoplastic. At the age of 64 years, her vision
level was 7/10 on each eye.

II-1 was said to present early alopecia and premature
menopause at 28. None of the last two patients presented
with either cleft lip or palate, but the clinical findings were
consistent with RHS.

Mutational analysis

P63 analysis was conducted on genomic DNA extracted
from peripheral blood samples using the EZ1 DNA blood
kit with the BioRobot® EZ1 (Qiagen, Courtaboeuf, France).
The 16 exons of P63 gene and their flanking intronic
regions were amplified by polymerase chain reaction (PCR)
and directly sequenced on an ABI 310 genetic analyzer
(Applied Biosystems, Courtaboeuf, France) (primer se-
quences and PCR experimental conditions are available
on Supplementary data). The position of mutation is given
according to the published TAp63x sequence (GenBank
Accession no. AF075430).'2

Results

In cases III-1 and IV-3, we detected at codon 595, within
exon 14 of the TP63 gene, a heterozygous single nucleotide
deletion (c.1783delC, p.Arg595GlyfsX70) (Figure 1, 4). This
mutation, which has not previously been described, results
in a modification of the reading frame and leads to a stop
codon at base 1992 (TAA), 65bp downstream to the
canonic TGA stop. The mutant protein presented the
addition of 69 missense amino acids after codon 594 and is
22 amino acids longer than the wild-type protein (Figure 5).

Wild-type

Discussion

Here, we report on three patients presenting with typical
features of RHS associated with corneal dystrophy and
premature menopause, which, to our knowledge, have not
been previously reported in this condition. This clinical
association could be fortuitous, but this is unlikely, as the
eye and endocrinological findings are always segregating
with the ectodermal dysplasia in this family.

Corneal dystrophy type Groenouw has been identified in
all three cases. Unfortunately, BIGH3 molecular analysis
has not been performed and we can not exclude that this
eye anomaly could therefore be linked with a mutation of
this latter gene, and not with RHS.? It has been shown
that p63 is expressed within the cornea, but its exact
function in this tissue remains unclear’® and whether the
corneal dystrophy presented by our three cases is linked
with the TP63 deletion has to be confirmed.

No other cause of premature menopause was identified
in these patients. Premature menopause or primary ovarian
failure (POF) can be secondary to a variety of causes
including autoimmunity, toxins, drugs, as well as genetic
defects. X chromosome abnormalities represent the major
cause of primary amenorrhea (ie Turner syndrome or
Fragile X syndrome), but CDG syndrome, galactosemia,
Blepharophimosis-Ptosis-Epicanthus Inversus syndrome,
Pseudohypoparathyroidism, FSH or LH receptor mutations
and BMP15 mutations can also be responsible for POF.26~28

al..aTGc G GGGGTG/G
GGGGTG

GGGGTG

Figure 4 P63 molecular study. Electrophoregram of the proband
(a) shows a heterozygous single nucleotide deletion, which is not
present in the control (b).

DLASLKIPEQFRHAIWKGILDHRQLHEFSSPSHLLRTPSSASTVSVGSSETRGERVIDAVRFTLRQTISFPPRDE

WNDFNFDMDARRNKQQRIKEEGE

Cases llI-1 and IV-3

DLASLKIPEQFRHAIWKGILDHRQLHEFSSPSHLLRTPSSASTVSVGSSETGVSVLLMLCDSPSARPSLSHPEMS
GMTSTLTWMLAAISNSASKRRGSEPHHVSSSYPSPNCQPPKSTPA

Figure 5 Predicted amino-acid sequence resulting from c.1783delC mutation. c.1783delC leads to the formation of 69 dowstream missense
amino acids and a mutant protein that is 22 amino acids longer than the wild-type protein (bolt type indicates the new amino-acid sequence resulting

from the frameshift).
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X-inactivation patterns have not been studied in this
family, but as it has been previously demonstrated that AN
p63 is an ectoderm-specific direct transcriptional target of
Bmp signalling,?® there might be a molecular connection
with POF. Indeed, premature menopause could be an early-
ageing feature associated with P63 dysfunction but the
molecular mechanisms underlying the consequences of
the identified P63 deletion, responsible for a gain of
function in our cases, remains to be identified.

It is known that P63 deficiency activates a program of
cellular senescence and leads to accelerate aging. It has
been demonstrated that p63+/— mice have a significant
reduction in lifespan and display features of early aging
such as inability to maintain skin and hair.?* Characteriza-
tion of the functional consequences of P63 gene mutations
at a molecular and cellular level is likely to provide further
insight into the clinical spectrum, and defining genotype—
phenotype correlation is still needed to improve under-
standing of the various developmental pathways influenced
by wild-type or mutant P63. The mutation reported here is
located within the C-terminal region of P63. This localiza-
tion is in accordance with previously identified mutations
in RHS.'® As this mutation is here located in the TID, it
only affects the two o-isotypes of P63 (TAp63o and
ANp63¢), whereas the f- and y- isoforms remain intact
(Figure 1). A number of frameshift mutations in the TID of
P63 have been previously described and result in either RH,
limb-mammary or AEC syndrome.'®'®3° The reason for
this clinical variability is unclear and may be secondary to
modifying alleles.>! One of the previously reported muta-
tions in RHS, c.1787delG, results in a mutant protein,
which is very similar, except by one amino acid, to our
cases.>> However, corneal dystrophy and premature meno-
pause were not associated in this case.

As the TA isoforms are able to activate in vitro pS3 target
genes and the AN isoforms have dominant activities and
constitute transcriptional repressors,'? the mutation we
describe here could affect the TAp63« isoform and be
responsible for a gain of transactivation activity, whereas
the dominant-negative effect of ANp63x, the major TP63
isotype in epithelial cells, which acts in the maintenance of
epithelial stem cells proliferative capacity, could be abol-
ished.*!%3 Yang and McKeon** have shown that cells that
no longer express ANp63« lose the capacity of regeneration
proliferation and are committed to differentiation. Then,
this mutation may also indirectly affect the - and y-p63
isoforms by losing the trans-repressive activity of the
TID'>'® and probably deregulates the balance between
the different P63 isoforms."®

Although the precise functional consequences of P63
gene pathology need further assessment, the recent
awareness of the molecular basis of RHS and other
ectodermal dysplasias such as Hay—Wells, ADULT or EEC
syndromes with clinical overlap represents useful pro-
gresses in understanding and developing a classification of
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this complex group of autosomal dominant inherited
disorders. Determining how the balance of gain or loss of
function is affected by specific P63 mutations will be the
next step, as well as further studies with mice models that
will help towards a better understanding of our findings.
Expression studies with our cases’ deletion have not been
performed, but it would certainly be interesting, as non-
previously reported clinical features, such as premature
menopause and corneal dystrophy, are associated with the
typical RHS phenotype in this family.
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