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Abstract

Background: Nonsense mutations in FAM83H are a recently
described underlying cause of autosomal dominant (AD) hy-
pocalcified amelogenesis imperfecta (Al). Objective: This
study aims to report a novel c.1374C>A p.Y458X nonsense
mutation and describe the associated ultrastructural pheno-
type of deciduous teeth. Methods: A family of European or-
igin from the Iberian Peninsula with AD-inherited Al was as-
certained. Family members were assessed through clinical
examination and supporting investigations. Naturally exfoli-
ated deciduous teeth from 2 siblings were investigated by
scanning electron microscopy (SEM), energy dispersive X-ray
analysis (EDX) and transverse microradiography (TMR). Re-
sults: On clinical and radiographic investigation the appear-
ances of the affected deciduous and permanent teeth were
consistent with hypocalcified Al with small focal areas of
more normal looking enamel. DNA sequencing identified a
novel c.1374C>A p.Y4A58X FAM83H nonsense mutation in af-
fected, but not in either unaffected family members or un-
related controls. Exfoliated teeth were characterised by sub-
stantial post-eruptive enamel loss on gross examination.
Irregular, poor quality enamel prisms were observed on SEM.
These were coated in amorphous material. TMR and EDX

confirmed reduced mineral and increased organic content
in enamel, respectively. Conclusions: FAM83H nonsense
mutations have recently been recognised as a cause of AD
hypocalcified Al. We report a novel nonsense FAM83H muta-
tion and describe the associated preliminary ultrastructural
phenotype in deciduous teeth. This is characterised by poor-
ly formed enamel rods with inappropriate retention of amor-
phous material, which is likely to represent retained organic
matrix that contributes to the overall hypomineralised phe-
notype. Copyright © 2009 S. Karger AG, Basel

Introduction

The tooth crown is covered by non-vital, acellular
enamel that is unique among biomineralised tissues be-
cause of its high mineral content, large crystals, and or-

Abbreviations used in this paper

AD autosomal dominant
Al amelogenesis imperfecta

DEJ dentino enamel junction

EDX energy dispersive X-ray analysis
SEM scanning electron microscopy
TMR transverse microradiography
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ganised prism structure. Enamel development (amelo-
genesis) progresses through three stages: secretory, tran-
sition, and maturation [Warshawsky and Smith, 1974;
Nanci and Smith, 1992; Smith et al., 1995]. During the
secretory stage, the columnar-shaped ameloblasts se-
crete a protein-rich, partially mineralised, self-organis-
ing enamel matrix. There is rapid formation of thin, nee-
dle-like hydroxyapatite crystals that account for 30% by
volume of the enamel matrix and elongate into long thin
ribbons [Kirkham et al., 1988; Cuisinier et al., 1992].
When the matrix reaches full thickness, the secretory
stage ends and the ameloblasts enter the transition stage
and reduce in size. Matrix is then removed by proteases
with associated individual crystal growth during the
maturation stage until the enamel attains its final hard-
ened state [Lu et al., 2008]. These general features of am-
elogenesis are remarkably consistent among different
species [Robinson et al., 1988].

Amelogenesis imperfecta (AI) is a genetically and
clinically heterogeneous group of inherited conditions
typically characterised by generalised enamel defects of
both primary and permanent dentitions [Witkop, 1988;
Aldred et al.,, 2003]. Mutations in the genes encoding
enamel matrix proteins AMELX (MIM 301200) and
ENAM (MIM 608563), and enamel matrix modifying
proteases MMP20 (MIM 612529) and KLK4 (MIM
204700) cause AI. Recently eight nonsense mutations
causing AT havebeenreported in FAM83H (MIM 130900),
agene of unknown function: c.891T>A, p.Y297X; c.973C/
T, p.R325X; c.1192C/T, p.Q398X; c.1243G>T, p.E415X;
c.1330C.T, p.Q444X; c.1366C.T, p.Q456X; c.1380G>A,
p-W460X; and ¢.2029C>T, p.Q677X [Kim et al., 2008; Lee
etal., 2008; Hart et al., 2009]. These mutations cause hy-
pocalcified Al a form of Al in which enamel biominer-
alisation is incomplete. In this study we report a novel
nonsense FAM83H mutation (c.1374C>A; p.Y458X) and
described the associated preliminary ultrastructural
phenotype in affected deciduous teeth.

Subjects and Methods

A family of European origin from the Iberian Peninsula with
autosomal dominant (AD)-inherited hypocalcified AI was ascer-
tained during delivery of dental care at Leeds Dental Institute.
Peripheral blood samples were obtained from affected and unaf-
fected participating family members and genomic DNA prepared
by conventional salting methods. A panel of 96 control DNAs of
European descent were used. All samples were obtained with in-
formed consent under ethical approval from the Leeds (West)
NHS Trust Ethics committee.
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FAMS83H Mutation Analysis

All 5 exons and exon/intron boundaries of the FAM83H gene
were PCR-amplified using oligonucleotide primers described by
Kim et al. [2008]. Purified PCR products were sequenced using
the Big Dye terminator Kit v.3.1 (Applied Biosystems, Forster
City, Calif.,, USA) and separated by electrophoresis on an ABI
3130 XL DNA analyser. The sequence produced was analysed us-
ing the ABI Prism sequence Analyser and SeqScape software
packages (Applied Biosystems).

Scanning Electron Microscopy, Energy Dispersive X-Ray

Spectroscopy and Transverse Microradiography

Standard methods were used for tooth section (100 pwm) prep-
aration from exfoliated deciduous teeth of 2 affected individuals
and normal control teeth, which were then investigated by scan-
ning electron microscopy (SEM), energy dispersive X-ray spec-
troscopy (EDX) and transverse microradiography (TMR) [Shore
etal., 2002; Barron et al., 2008]. Microstructural analysis was un-
dertaken usingaJeol 35 SEM fitted with the Deben Genie upgrade
(Deben Engineering, Debenham, UK). EDX elemental analysis
was performed using a detector fitted with an ultrathin window
and driven by WinEDX 3 software (Thomson Scientific, Carlton,
Australia). TMR involved sampling across sections from 2 affect-
ed and 2 control teeth at a minimum of 10 different points each
within the enamel.

Results

Clinical Phenotype and FAM83H Mutation

A typical hypocalcified Al clinical phenotype was ob-
served in the proband of a family with 14 reported af-
fected individuals and an AD pattern of inheritance
(tig. 1). The enamel was pigmented, exhibiting yellowish
to brownish discoloration that progressed from a paler,
cream colour on initial tooth eruption. There was wide-
spread evidence of post-eruptive enamel loss due to attri-
tion and enamel fractures. This resulted in enamel with
anirregular rough surface and the remaining enamel was
softer than normal. The cervical enamel was most typi-
cally spared, but was also prone to loss and failure. Focal
islands of apparently more normal enamel were present
and were particularly evident on the cusps of some pos-
terior teeth (fig. 1A).

Dental radiographs were characterised by a reduced
distinction in radiodensity between the enamel and den-
tine, compared to that observed in normal teeth where
enamel is obviously more radiodense (fig. 1B). The teeth
were sensitive to thermal stimuli. A nonsense mutation
(c.1374C>A, p.Y458X) was identified in exon 5 of FAM83H
(forward and reverse strands) in affected, but not the un-
affected family member tested or normal control patients
(fig. 1C).
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Fig. 1. Clinical and radiographic phenotype, pedigree and
FAMS83H mutation. A Mixed dentition of the 10-year-old pro-
band. (i) The buccal surfaces of the erupting permanent premolar
teeth (arrows) are paler and exhibit less post-eruptive enamel loss
compared to teeth that have been present in the mouth for longer.
There is a malocclusion that in part reflects the transition from
deciduous to permanent dentition. (ii) Focal islands of pale, hard-
er enamel are most obvious at the cusp tips of the first permanent
molar teeth (arrow) and to a lesser extent involve the cusp tips of
the permanent premolar teeth. The permanent upper left central

Ultrastructural Analyses of Deciduous Teeth

Little enamel remained on exfoliated deciduous teeth,
with most of the retained enamel localised to the cervi-
cal areas (fig. 1A). SEM examination of sections of af-
fected teeth revealed loss of normal enamel architecture,
which in part reflected the presence of an amorphous
material obscuring the enamel rods (fig. 2A). It was typ-
ically distributed over most of the enamel, but was par-
ticularly evident at the dentino enamel junction (DEJ).
The enamel rods were incompletely formed. The under-
lying dentine observed by SEM had normal architec-
ture. TMR sampling identified a mean mineral percent-
age in affected enamel of 50.8 * 2.9% compared to the

FAMS83H Y458X Mutation and Enamel
Ultrastructure

incisor labial face has been restored. (iii) An exfoliated deciduous
incisor tooth exhibits typical loss of most of the enamel with rela-
tive sparing of the cervical enamel. A small island of harder enam-
el has persisted close to the DEJ (arrow). B Detail from a panoram-
ic radiograph of the proband. Unerupted teeth have a normal
morphology, but the enamel is characterised by diminished ra-
diodensity that contrasts from that observed in normal teeth (in-
set box). Erupted teeth exhibit significant premature post-erup-
tive loss of enamel. C Family pedigree and confirmation of the
€.1374C>A mutation.

mean for control teeth of 87 * 2.2%. The difference be-
tween these two values is statistically significant (p <
0.001, t test).

The elemental analysis by EDX identified an increased
carbon:oxygen ratio where the amorphous material was
present (fig. 2B). By contrast in areas where enamel rods
were more easily observed, the carbon:oxygen ratio was
reduced, but not to levels seen in control teeth. A small
but consistent increase in the nitrogen peak was evident
throughout affected areas, compared to that observed in
control teeth. The calcium:phosphorous ratios were sim-
ilar in affected and control teeth.
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Fig. 2. Ultrastructural phenotyping of deciduous teeth. A SEM of
exfoliated deciduous tooth cervical enamel. The appearances of
control enamel (i) contrast with the poorly formed enamel rods
that are partially obscured by amorphous material (open arrow
heads) in affected incisor (ii) and molar (jii) teeth. R is embedding

Discussion

FAMS83H mutations were first described as a cause of
AD-hypocalcified AI in 2008, with subsequent descrip-
tion of eight different mutations in families of diverse
ethnic origins [Kim et al., 2008; Lee et al., 2008; Hart et
al., 2009]. The clinical tooth phenotype observed here
was consistent with those previously reported. In par-
ticular, the observation of small islands of more normal
looking and persistent enamel appears to be a distinctive
clinical marker of exon 5 FAM83H nonsense mutations.
The foci of harder enamel occur at random sites and do
not follow an obvious pattern. Localisation of the enamel
foci to cusp tips has not been previously reported and this
is not confirmed as a reliable clinical marker of FAM83H
mutations. Normal radiographic crown morphology of
unerupted teeth supports formation of a near-normal
volume of enamel matrix. It remains unknown whether
the enamel matrix produced by the ameloblasts has a nor-
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resin and not dental tissue; bar 50 wm. B EDX spectra. In control
enamel (i), the C:O ratio is low compared to that in affected enam-
el (ii). A small N peak was observed (between the C and O peaks)
in affected, but not control teeth. Similar peaks are observed in
affected and control teeth for Ca and P.

mal composition or not at the different stages of amelo-
genesis. Failure of normal enamel matrix processing is
recognised to cause abnormal enamel and a hypominer-
alised phenotype [Hart et al., 2004; Kim et al., 2005], but
may not be relevant in this instance. Accordingly, it can-
not be stated with certainty at which stage of amelogen-
esis FAM83H mutations exert their detrimental effect.

The novel FAM83H mutation identified in this study
causes a premature stop codon in exon 5, in common
with those previously reported. This is consistent with
the hypothesis that the FAM83H protein carboxy-termi-
nus plays an important role in amelogenesis. The muta-
tion described herein would result in a truncated protein
that is 721 amino acids shorter than the wild-type.

The reported mutations are broadly spread across exon
5, although the mutation identified in this study is close
to two others and may indicate a mutation hotspot within
a gene thatis prone to inheritable mutations in exon 5. The
mechanisms by which exon 5 FAM83H nonsense muta-
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tions result in hypocalcified enamel, which includes focal
islands of harder enamel, is currently unknown. It possi-
bly reflects haploinsufficiency that in part may be due to
mRNA nonsense mediated decay or a hypomorphic par-
tial loss of function. Alternatively, the resultant mutant
protein may have a dominant negative effect or lead to
rapid degradation of all FAM83H and a null phenotype.
Other, as yet unidentified genes may allow a partial, but
largely ineffectual rescue of the enamel phenotype.
FAMBS83H is widely expressed, but mutations are only
recognised to cause abnormalities of enamel formation.

Early clinical failure of the enamel is not surprising
given SEM observation of poorly and incompletely
formed enamel rods with inappropriate retention of or-
ganic material supported by EDX. This provides new in-
sight into the detrimental impact on enamel formation of
a FAMS83H mutation. Similar observations have been re-
ported in teeth described clinically as hypomaturation
AT in non-syndromic forms (of uncertain genotype)
[Wright et al., 1992; Shore et al., 2002] and in Jalili syn-
drome caused by mutations in CNNM4, encoding a puta-
tive Mg?* transporter [Parry et al., 2009].

FAMBS83H is expressed in ameloblasts where its func-
tions remain obscure. Sequence homology analyses indi-

cate that FAM83H possibly includes a phospholipase D-
like domain. Accordingly, FAM83H may be involved in
signal transduction or lipid metabolism. Inappropriate
retention of lipid or lipid/protein complexes within the
enamel matrix has been proposed as a possible mecha-
nism central to some forms of Al clinically diagnosed as
the hypomaturation subtype [Shore et al., 2002]. In the
teeth presented here, the marked increase in carbon in
particular may be consistent with elevated lipid content,
at least in the most markedly affected areas. The less
marked but more generalised increase in nitrogen may
indicate a more widespread retention of protein through-
out the enamel. Elucidating the functions of FAM83H
can be expected to provide novel and important insight
into biomineralisation.
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