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Objective. This study was conducted to report a
family affected by benign hereditary chorea in which
a large deletion including TTFI, PAX9, and other
genes was identified and results in oligodontia.
Methods. Clinical and radiological studies of the
two affected members (mother and daughter) were
used to describe the oligodontia present in both of
them.

Results. The missing teeth in both patients are
described in detail, and these data are compared
with the dental anomalies observed in the only two
other families with deletions of PAX9 and with the
data available for 12 previously reported families
carrying different types of PAX9 mutations.
Conclusions. There is a clinical relevance for recog-
nizing such families, and offering available therapies
since childhood is stressed. Some genotype-phenotype
correlations between PAX9 mutations and dental
anomalies can be drawn.

Introduction

The gene PAX9 codes for a paired domain-
containing transcription factor relevant for the
development of dentition in mammals. It has
been associated with selective agenesis of teeth
mainly involving the posterior teeth both in
humans and mice, and even a specific poly-
morphism (Ala240Pro) has been interpreted
as advantageous and related to missing third
molars'.

A total of 13 families with multiple members
affected with oligodontia and one sporadic
case have been reported in association with
mutations or deletions of PAXO9.

We report a new family with a complete
deletion of PAX9 and oligodontia, and review
the literature.

Case report

Family M was seen for genetic counselling
because of benign hereditary chorea (BHC).
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The proposita, a 10-year-old girl, was
diagnosed with BHC, and the same disorder
was present in her mother, but not in maternal
grandparents. The family was initially reported
by Guala et al.?, and subsequently a 1.2 mb
deletion causing the loss of five genes (MBIP,
TTF1, NKX2, PAX9, and SLC25A21) was iden-
tified by Breedveld ef al.’ (case IT1) in the girl
and her mother. The family became available
again for follow-up only in 2005, and was then
investigated for the presence of oligodontia.

The proposita (case 1), when she was
16 years old, showed class III malocclusion,
bilateral cross-bite, and right posterior open
bite. Primary teeth 54, 62, 64, 65, 71, 85 were
still present, whereas permanent agenesis of
teeth involved 18, 17, 16, 15, 12, 24, 25, 26,
27, 28, 31, 37, 38, 47, 48; an abnormal shape
of 14 and 22 was observed, and 46 was retained
(Fig. 1). Choreic movements are still present,
unrelieved by any therapy, and occasional
increase of TSH is also observed (5.4 pU/mL,
nv: 0.4—4, FT3 and FT4 within normal limits,
normal values).

Her mother (case 2) showed deep bite;
agenesis of 18, 17, 16, 24, 26, 27, 28, 31, 36,
37, 44, 46, 47; primary teeth 65, 71 were still

441



442 A. Guala et al.

present, whereas 48 was ectopic, and 38 was
retained (Fig. 2). Choreic movements are still
present, unrelieved by any therapy, and TSH
was found elevated any time checked
(11.1 pU/mL, nv: 0.4-4, with FT3 and FT4
within normal limits, May 2003; confirmed in
May 2005).

Neither patient showed dysmorphic features
or abnormalities in sweat glands, hair, or nails.
Maternal grandparents of the proposita are not
carrier of the deletion reported, and do not
show either choreic movements or oligodontia.

Discussion

Dental size, number, and morphology show
wide variations in humans. Anomalies of tooth
formation are frequently observed for instance
in ectodermal dysplasia®. Agenesis of a single
tooth is a common trait, which can be observed
in up to 20% of the population. More complex
patterns of agenesis of teeth are much rarer,
and their aetiology is largely unknown, but at

Fig. 1. Panoramic radiography of case
1, with multiple agenesis of teeth and
persistence of some primary teeth.

Fig. 2. Panoramic radiography of case
2, with multiple agenesis of teeth and
persistence of some primary teeth.

least three genes are associated to non-syndromic
forms (AXIN2, MSXI, and PAX9)"".

Oligodontia is referred to as agenesis of six
or more permanent teeth, and Stockton et al.
in 2000 first reported in a large family that this
trait was caused by mutations in the PAX9 gene.
Agenesis of teeth mainly involved permanent
teeth, and molars were much more frequently
absent than incisors.

Including our family, a total of 15 families®?,
and a sporadic case'® have since been reported
in whom different kinds of mutations in PAX9
caused agenesis of teeth.

Complete deletions of PAX9 were observed
in three families>”'¢, with a total of seven
patients (four men). In the family reported by
Das etal.” and in our cases, the agenesis of
permanent teeth is quite similar mainly in the
upper arch with consistent loss of molars
(Fig. 3a). In younger members of both families
also, anomalies of primary teeth are present;
in our family is peculiar the persistence of
some primary teeth, whereas the patient by
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Das et al.’ is still too young (7 years) to evaluate
this point. In the family reported by Devos
etal'®, the only available information is the
presence of ‘hypodontia’.

A summary of the distribution of agenesis of
teeth including all members of the reported
families for other types of mutations is entered
in Fig. 3b: stop mutations were observed in
four families®®'’, with a total of 26 affected
subjects (12 men); insertions were observed
in two families (family Den8 in Das et al.'
and Mostowska et al.'*) with a total of seven
cases (three men); missense mutations were
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observed in six families (Den3 and Den9 in
Das et al.'® and various authors'"*'), and
in a single patient'® for a total of 22 cases
(11 men).

The teeth in the upper arch are consistently
more severely affected than those in the lower
arch, with the exception of 13 and 14 (inferior
medial right and inferior medial left incisors)
frequently absent regardless the mutation type
present in the families.

Overall, molars are consistently absent in
the upper arch in families presenting with stop
mutations, insertions, and deletions, and slightly
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less involved in families carrying missense
mutations. In the lower arch, molars are in
general less involved and teeth 16-26-36-46
in particular are frequently present.

Canines are usually conserved in both the
upper and lower arch, and the only reported
losses are for three of ten patients in three
families carrying missense mutations (Den9
in Das et al.'’ and various authors'"'?).

In the two families with insertions (Den8 in
Das et al.'® and Mostowska et al.'*), teeth 14-
13-12-11; 21-22-23-24 are never absent in
the upper arch, whereas in the lower arch 31
and 41 are frequently absent.

Intrafamilial variations are usually present,
as observed also in the recent report by Hansen
etal.'’, but less consistent than interfamilial
variations.

The phenotype resulting from different PAX9
mutations seems to be more severe for deletions
than in missense mutations. In families with
deletions, the resulting haploinsufficiency of
PAX9 may act through the down-regulation
of MSX1", whereas the precise mechanism of
action of missense mutations is not yet fully
elucidated”.

Finally, our family fits the contiguous gene
deletion model described by Devos et al.'® in
the only other family reported with a similar
large deletion including PAX9 and TTFI.

The comparison of different types of oligo-
dontia, for instance involving mainly incisors,
as well as the accurate recording of associated
(and apparently unrelated) clinical signs, as
hypothyroidism in our family, will enable the
identification of other genes relevant for dental
development.

What this paper adds

e The pattern of teeth agenesis associated with mutations
in the PAX9 gene, as derived from the study of a new
family and from review of the literature.

e The information that in some families presenting
with teeth agenesis, a more complex phenotype can
be observed.

Why this paper is important to paediatric dentists

e The knowledge of the genotype—phenotype correlation
between PAX9 mutations and teeth agenesis is relevant
for genetic counselling, for a more comprehensive
evaluation of the patient, and for forecasting
appropriate management of the dental abnormalities
especially in children.
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