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Abstract

Amelogenesis imperfecta (Al) is a clinically and genetically
heterogeneous group of inherited defects of enamel forma-
tion. In isolated Al (no additional segregating features), mu-
tations in at least 7 genes are known so far, causing domi-
nant, recessive or X-linked Al and allowing the identification
of the molecular etiology in 40-50% of affected families. We
report on 2 siblings (an 11-year-old female and a 7-year-old
male) born to consanguineous Turkish parents, with Al and
mild, proportionate short stature. Both parents have normal
teeth, but mother, maternal grandmother and great-grand-
fatherare/were also of short stature. A spine X-ray performed
in the girl excluded brachyolmia. Affymetrix GenomeWide
SNP6.0 Array analysis identified no pathogenic copy number
changes, but showed sharing of large homozygous regions,
including chromosome band 15g21.3 containing the WDR72
gene. WDR72 sequence analysis in both siblings revealed ho-
mozygosity for a novel stop mutation in exon 10 (c.997A>T,
p.Lys333X) explaining the Al phenotype. Mutations in WDR72

are a very rare cause of autosomal-recessive hypomatura-
tion type of isolated Al. The mutation described in our pa-
tients specifies the diagnosis Al IA3 and represents only the
sixth WDR72 mutation reported so far. The WDR72 protein is
critical for dental enamel formation, but its exact function is
still unknown. Copyright © 2012 S. Karger AG, Basel

Amelogenesis imperfecta (AI) is a clinically variable
and genetically heterogeneous group of inherited defects
of dental enamel formation. It affects the quality and/or
amount of enamel and usually involves all teeth in the pri-
mary and secondary dentition but with a variable pheno-
type within families or even within different teeth of the
same person [e.g. Crawford et al., 2007; El-Sayed et al,,
2009]. Al can occur as an isolated form (no additional seg-
regating signs, i.e. nonsyndromic forms) [Bailleul-Fores-
tier et al., 2008a] or as one sign in a phenotypic spectrum
ofa specific syndrome (i.e. syndromic forms) [Bailleul-For-
estier etal., 2008b; Parry et al., 2009; O’Sullivan et al., 2011;
Cho et al., 2012; Mory et al., 2012; Schossig et al., 2012].

Healthy dental enamel is the hardest and most highly
mineralized human tissue. It is acellular, nonvital and
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without intrinsic repair capacity, made of highly orga-
nized hydroxyapatite crystals [Bailleul-Forestier et al.,
2008a]. Enamel is epithelial-derived and formed by am-
eloblasts during tooth development, which is a complex
process regulated by epithelial-mesenchymal interac-
tions [Hu et al., 2007; Simmer et al., 2010]. Defects in am-
elogenesis are correlated with a specific stage of enamel
formation leading to a highly variable phenotype [Sim-
mer et al.,, 2010; Gibson, 2011]. The different phenotypes
have been used over the last decades as classification sys-
tems, and various schemes have been proposed [see Al-
dred et al., 2003; Crawford et al., 2007, for overview]. The
currently most widely used AI classification scheme was
proposed by Witkop [1988], dividing Al into 4 main types
based on the enamel defects (AI I-1V), and then further
subdividing them into 14 subgroups based on clinical ap-
pearance (phenotype) and mode of inheritance (autoso-
mal dominant, autosomal recessive or X-linked):

« Type AIL Hypoplastic type (reduced amount of enam-
el, secretion defect)

o Type AI II: Hypomaturation type (defect of protein
processing and crystallite maturation)

o Type AIIII: Hypocalcified type (insufficient degree of
calcification of the formed organic matrix, mineral-
ization defect)

o Type AI IV: Hypomaturation-Hypoplasia with Tau-
rodontism
Hypoplastic enamel is hard, translucent and of re-

duced thickness, hypomature/hypocalcified enamel is

typically discolored, shows an opaque, yellowish or
brown appearance and has weak consistency with a re-
duced mechanical resistance [Crawford et al., 2007; Gad-
hia etal., 2012]. However, this classification system has its
limitation because of the high clinical variability as well
as the missing correlation to the underlying molecular
defect. Therefore, identification of underlying genes will
require modified classification schemes [Aldred et al.,

2003; Crawford et al., 2007].

Reported prevalences of isolated Al vary widely de-
pending on the studied population (possibly also influ-
enced by some ascertainment bias) with a range from
about 1:230 in Turkey [Altug-Atac and Erdem, 2007],
1:370 in India [Gupta et al., 2011], 1:700 in Sweden [Béck-
man and Holm, 1986], 1:1,000 in Argentina [Sedano,
1975], 1:8,000 in Israel [Chosack et al., 1979] to about
1:14,000 in the USA [Witkop and Sauk, 1976].

In isolated AI, mutations in at least 7 genes are known
so far, allowing the identification of the underlying mo-
lecular etiology in about 40-50% of affected families [Lee
et al.,, 2010; Chan et al., 2011; Wright et al., 2011]. Al-
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Fig. 1. Clinical appearance of the hypomaturation type amelogen-
esis imperfecta in both siblings. Mixed dentition of the female at
the age of 11 years (a) and mixed dentition of the male at the age
of 7 years (b).

though the distribution of the different types of isolated
AT depends on the population, AI due to recessive gene
mutations seems to be very rare. Here we describe a nov-
el WDR?72 stop mutation diagnosed in Turkish siblings
with autosomal recessive hypomaturation type of AL

Patient Reports

We report on 2 siblings, an 11-year-old female and a 7-year-old
male, both referred to our genetic department because of amelo-
genesis imperfecta, a mild, proportionate short stature and mild
speech delay (especially in the boy).

They were born to consanguineous Turkish parents (second de-
gree cousins). Both parents have normal teeth, and no dental prob-
lems were reported in other family members. The father has a
height of 170 cm (10-25th centile), and the mother is 153 cm (3rd-
10th centile) tall. Family history was unremarkable apart from a
mild short stature in the maternal family with a height of 150 cm
in the maternal grandmother and great-grandfather. No other con-
sanguineous relation was known in the extended family history.

The girl was born at term with normal birth measurements
[weight 3,180 g (-0.69 SDS), length 49 cm (-1.23 SDS), and OFC
33.5cm (-1.08 SDS)]. As soon as the primary teeth erupted, dental
enamel problems became obvious and amelogenesis imperfecta
was suspected. Early motor milestones were normal (walking
without support at 13 months) as well as her bilingual speech de-
velopment. She attends a regular school and has some problems
with reading and orthography, but formal testing revealed normal
cognitive skills for her age.

At physical examination at the age of almost 11 years, her
height was 130 cm (-2.4 SDS), her weight 24 kg, resulting in a nor-
mal BMI of 14.2, and her OFC was 51.5 cm (-0.61 SDS). She had
a mild, proportionate short stature. There was no facial dysmor-
phism apart from a mild proptosis and slightly blue sclerae. Clin-
ically, her teeth showed defective enamel with a yellowish-brown
appearance (see fig. 1a). Deciduous dentition was complete where-
as orthopantographic studies at mixed dentition stages (at 8 years
and 11 years, fig. 2a, b, respectively) revealed agenesis of both sec-
ond inferior premolars (35 and 45) and retention of their decidu-
ous. Pulp chambers and roots appeared normal with no hint of
taurodontism.
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Endocrinological evaluation performed because of short stat-
ure including growth hormones was normal. Chromosome anal-
ysis was performed and revealed a normal result (46,XX) as well
as molecular analysis of the SHOX gene for deletions/duplications
and for mutations. An X-ray of the left hand taken at the age of 10
years 6 months, showed normal bone morphology, but bone age
was delayed by 2 years.

To exclude amelogenesis combined with brachyolmia (OMIM
601216), X-rays of the thoracic and lumbar spine were performed
at the age of 11 years 6 months. This showed normal vertebral
bodies; brachyolmia could be excluded (see fig. 3a, b).

The younger brother was born at 39 weeks of gestation with
low-normal birth measurements [weight 2,690 g (-1.84 SDS),
length 48 cm (-1.7 SDS), OFC not documented]. Early motor
milestones were normal (walking without support at 13-14
months), but speech development (bilingual) was delayed. He re-
ceived speech therapy and spoke his first words at the age of 3
years. He now attends a regular primary school and his cognitive
development is normal for his age. In infancy, he suffered from
frequent respiratory infections. With eruption of the first decidu-
ous teeth, amelogenesis imperfecta was obvious.

At the age of almost 7 years, he had a height of 109 cm (-2.84
SDS), a weight of 16 kg, resulting in a normal BMI of 13.5, and an
OFC of 51 cm (-0.82 SDS). He had mild, proportionate short stat-
ure and a discrete proptosis. Amelogenesis imperfecta was present
affecting the deciduous and the permanent teeth (see fig. 1b). Or-
thopantographic studies (not shown) excluded agenesis of teeth
in the permanent dentition and showed normal pulp chambers
and roots.

Endocrinological evaluation was initially normal, but at the
age of 7 years a low level of IGF-1 was diagnosed, and growth hor-
mone therapy started recently. A hand X-ray performed at the age
of 6 years 4 months showed no morphological abnormality, but
the bone age was delayed by more than 3 years.

Materials and Methods

DNA Isolation

DNA was extracted from venous blood using the FlexiGene
DNA Kit (Qiagen, Hilden, Germany) following the manufactur-
er’s instructions.

Molecular Karyotyping

A genome-wide copy number microarray analysis was per-
formed using the Affymetrix genome-wide human SNP array 6.0
(Affymetrix, Santa Clara, Calif., USA) according to the manufac-
turer’s instructions. Data analysis was carried out using the Af-
fymetrix Genotyping Console software (GTC v4.1), and the data
interpretation was based on the February 2009 human genome
sequence assembly (GRCh37/hgl19). Conspicuous regions were
compared with known CNVs, as provided by the Database of Ge-
nomic Variants (http://projects.tcag.ca/variation/).

Sequencing

The coding exons of WDR72 (NM_182758.2) and adjacent in-
tronic sequences were amplified and sequenced by standard pro-
cedures (Sanger sequencing). The primer sequences are available
upon request. Downstream analyses were performed with the
SeqPilot software (JSI Medical Systems, Kippenheim, Germany).

Amelogenesis Imperfecta due to WDR72
Mutation

Fig. 2. Orthopantomograms of the girl at mixed dentition stage,
age 8 years (a) and 11 years (b), revealed agenesis of both second
inferior premolars (35 and 45) and retention of their deciduous.
Pulp chambers and roots appeared normal.

Fig. 3. X-rays of the thoracic (a) and lumbar spine (b) performed
in the girl at the age of 11 years excluded brachyolmia.
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Fig. 4. Result of the array analysis (Affy-
metrix GenomeWide SNP6.0 Array) per-
formed in both siblings. No pathogenic
copy number changes were detected, but
both siblings shared several stretches of ho-
mozygous markers. Those regions larger
than 2 Mb are depicted next to the respec-
tive chromosome (left: boy, right: girl). Lo-
calizations of all genes known so far to
cause nonsyndromic AI [ENAM (4ql13.3),
FAMS3H (8q24.3), MMP20 (11q22.2),
WDR?72 (15q21.3), DLX3 (17q21.33), KLK4

(19q13.41), AMELX (Xp22.2)] are marked
by an arrow, those with autosomal reces-
sive inheritance pattern with a filled arrow
head. One of the homozygous regions is lo-
cated on chromosome 15q21.3 (positions
53,658,913-56,047,547 according to UCSC
hgl9), comprises about 2.39 Mb in size and
contains the WDR72 gene (filled arrow-
head with asterisk).
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Results

Molecular Karyotyping

Affymetrix GenomeWide SNP6.0 Array analysis ex-
cluded relevant pathogenic copy number changes but
showed that both siblings share several large regions of
homozygous markers. Homozygous regions larger than
2 Mb are depicted in figure 4 (bars next to the respective
chromosome, boy left, girl right). Comparing the local-
ization of all known nonsyndromic Al genes (especially
the autosomal recessive ones) to the homozygous stretch-
es that both siblings have in common, one region located
on chromosome 15q21.3 (rs4776138-rs8036481, position
53,658,913-56,047,547; GRCh37/hgl9) became obvious.
This region (shownin fig. 5; girl M49567 and boy M49568)
contains, among others, the WDR72 gene, previously
identified to cause autosomal recessive hypomaturation
type amelogenesis imperfecta AI IIA3 [El-Sayed et al,,
2009]. Since both siblings share the same haplotype at
this locus and the inheritance pattern for Al in this fam-
ily is most likely autosomal recessive, WDR72 (OMIM
613214) was regarded as a promising candidate for muta-
tion analysis.

Sequencing

In both siblings, WDR72 sequence analysis revealed
homozygosity for a novel base substitution in exon 10
(c.997A>T, p.Lys333X) (see fig. 6).
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Analysis in both parents demonstrated the expected
heterozygous carrier status for this mutation. Since this
homozygous mutation segregates with the phenotype
and causes a premature translation stop, it must be re-
garded as pathogenic. This confirms the clinical diagno-
sis of autosomal recessive hypomaturation type amelo-
genesis imperfecta and specifies subtype AI IIA3 in both
siblings.

Discussion

The first gene discovered to cause isolated AT was the
X-linked AMELX (amelogenin) [Lagerstrom et al., 1991],
followed by ENAM (enamelin) [Rajpar et al., 2001] in au-
tosomal dominant AI families. Two other autosomal
dominant genes were identified, DLX3 (distal-less ho-
meobox 3) [Dong et al., 2005], and FAM83H (family with
sequence similarity 83, member H) [Kim et al., 2008]. Up
to now, 4 genes are described to underlie autosomal reces-
sive AI: ENAM [Hart et al., 2003], KLK4 (kallikrein-4)
[Hartetal., 2004], MMP20 (matrix metalloproteinase-20)
[Kim et al., 2005], and recently WDR72 (WD repeat con-
taining domain 72) [El-Sayed et al., 2009].

Mutations in WDR?72 (15¢21.3, OMIM 613214) caus-
ing isolated AIIIA3 have been first identified by El-Sayed
et al. [2009]. In contrast to the initial candidate genes for
Al (e.g. AMELX, ENAM, KLK4, and MMP20) which en-
code for enamel matrix proteins, WDR72 was one of the

Kuechler et al.



[ohrise 3 0s200 w5058 | EI ]

= "

E”=mmmmmmmmmwmmmmmmmwwmmmwmmmmunmﬂwmmwmmmnm
E‘ o i i A IlIIIIl]IIIIIIIIIII[IIIIIIIIII O CAI TR OO YRR A A TR

mem_xmmmsm B).CHE.CHCHP : LOH (0,

i
oo
-

48557, [smwaesmp a: CNS.CNCHP : LogZRaw[ 22

=5

[IFR 0 OO .._..
0 TRTAOR ...

569, [Gmuu‘MdeSNP_BJ CNG.CNCHP | Loqmm{-a 2}

‘5--

.-- P

70, {s«mmsup 5).CNS CNCHP : Loq2Fhm 2 21

..—5‘.,

49587_{G|rum\'\|\d-5NP_E] CN5.CHCHP : Allsls Difference (-2, 2)

ol B g

Ilﬁ'll_ TN JEINES LTI K30 LD )

U U R I L T

T

g

,In:

. B567_(ganomawidesnp_B) en ¢, _Sapments
|.r|-9u88 (genomewidesnp_B) enf.en_segments
l n48570_{genomewidesnp_B)ond cn_segments

genomic varisnts et 8

Fig. 5. Detailed view of the array data of the 15q21.3 locus (M49567 - girl and M49568 - boy).

genes that previously has not been expected to be in-
volved in dental enamel formation [Lee et al., 2010]. It
consists of 19 coding exons spanning around 250 kb [El-
Sayed et al., 2009].

The WDR?72 protein is critical for dental enamel for-
mation, but its exact function is still unknown. It is local-
ized in the cytoplasm [Lee et al., 2010] and is supposed to
act as a scaffold for protein-protein interactions. El-Sayed
et al. [2009] hypothesized that WDR72 might play a role
in calcium-dependent vesicle turnover, an important step
in maturation-stage ameloblasts, but up to now there is
no data to support this hypothesis. WDR?72 is expressed
in multiple tissues with highest expression in bladder,
kidney and mouth. Therefore, it is not clear yet why in a
homozygous mutant state the only recognized patholog-
ic phenotype is just isolated AI [Lee et al., 2010].

Up to now, a total of only 5 different WDR72 muta-
tions (summarized in table 1) have been identified in 8
independent families making it a very rare cause of auto-
somal recessive Al. All mutations were homozygous
truncating mutations and occurred in individuals born
to consanguineous parents. The novel mutation in exon
10 (c.997A>T, p.Lys333X) identified in the present sib-
lings is also a homozygous stop mutation, explaining the
AT phenotype in this family. So far, there is no obvious

Amelogenesis Imperfecta due to WDR72
Mutation

TACATGAATGAAAGGHAAGAGCCTTTTTAC
. ___________________________- ______________________|]

father N

TACATGAATGAAAGGAAAGAGCCTTTTTAC
mOther TACATGAATGAAAGGAAAGAGCCTTTTTAC
son TACATGAATGAAAGGTAAGAGCCTTTTTAC
daughter

TACATGAATGAAAGGTAAGAGCCTTTTTAC

c.997A>T

Fig. 6. Result of sequencing of the WDR72 gene. WDR72 sequence
analysis in both siblings revealed homozygosity for a novel stop
mutation in exon 10 (¢.997A>T, p.Lys333X). Both parents are het-
erozygous carriers of the mutation.

hotspot region; the mutations are localized in different
exons of the gene (exons 10, 12, 15, 16, and 17).

In the few Al patients published with WDR72 muta-
tions, no other medical problems or symptoms are men-
tioned. So, there is no information on other individuals
with WDR72 mutations and a short stature. Therefore, it
is not clear in our 2 siblings whether this is an associated

Mol Syndromol 2012;3:223-229 227



Table 1. Overview of disease causing WDR72 mutations

Reference Exon Notes

Present study 10 c.997A>T p-Lys333X

Lee et al., 2010 12 .1467_1468delAT  p.Ser489SerfsX10 detected in 2 unrelated families
Wright et al., 2011 12 c.1467_1468delAT  p.Ser489SerfsX10

El-Sayed et al., 2009 15 €.2348C>G p.Ser783X detected in 2 unrelated families
El-Sayed et al., 2011 15 c.2686C>T p-Arg896X

El-Sayed et al., 2009 16 ¢.2857delA p-Ser953ValfsX20

El-Sayed et al., 2009 17 c.2934G>A p-Trp978X

Positions based on CCDC 10151.1 (http://www.ncbi.nlm.nih.gov/CCDS/CcdsBrowse.cgi).

finding or an independent segregating trait in this fam-
ily. Given the fact, that the short stature involves several
consecutive generations without any further consan-
guineous relation, a coincidently occurring second con-
dition following an autosomal dominant trait (of un-
known cause) seems to be likely.

A literature search for Al and short stature revealed
clinical reports of patients, in whom this combination of
findings was described due to a brachyolmia (i.e. a gener-
alized platyspondyly without significant epiphyseal or
metaphyseal involvement; platyspondyly with AT, OMIM
601216) [Verloes et al., 1996, 2011; Bertola et al., 2009].
Since the spine X-ray in the girl showed no abnormalities
(fig. 3a, b), this differential diagnosis is no longer relevant.

In conclusion, a previously unreported family with a
novel homozygous WDR72 mutation is described. In
contrast to patients in the literature, the affected siblings
described here present with Al in combination with short
stature. The description of more patients with WDR72
mutations will allow a further characterization of the as-
sociated phenotype.
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