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Abstract

Hyun H-K, Lee S-K, Lee K-E, Kang H-Y, Kim E-J, Choung

P-H, Kim J-W. Identification of a novel FAM83H mutation and

microhardness of an affected molar in autosomal dominant

hypocalcified amelogenesis imperfecta. International Endodon-

tic Journal, 42, 1039–1043, 2009.

Aim To determine the underlying molecular genetic

aetiology of a family with the hypocalcified form of

amelogenesis imperfecta and to investigate the hard-

ness of the enamel and dentine of a known FAM83H

mutation.

Methodology Mutational screening of the

FAM83H on the basis of candidate gene approach

was performed. All exons and exon–intron boundaries

was amplified and sequenced. A microhardness test

was performed to measure the Vickers microhardness

value.

Results A novel nonsense mutation (c.1354C>T,

p.Q452X) was identified in the last exon of FAM83H,

which resulted in soft, uncalcified enamel. The affected

enamel was extremely soft (about 17% of the normal

control), but the underlying dentine was as hard as the

normal control.

Conclusions Mutational analysis revealed a novel

mutation in FAM83H gene. Hardness of dentine was

not affected by the mutation, whilst the enamel was

extremely soft.

Keywords: amelogenesis imperfect, dentin, enamel,

FAM83H, microhardness, mutation.
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Introduction

Amelogenesis imperfecta (AI) is a heterogeneous

group of hereditary enamel defects without any

nonoral syndromic phenotypes (Witkop 1988). Enam-

el defects are categorized as hypoplastic, hypocalcified

or hypomatured types. Hypoplastic AI is characterized

by thin but hard enamel and is caused by mutations

in the amelogenin gene (AMELX; OMIM 300391) in

an X-linked hereditary pattern and by mutations

in the enamelin gene (ENAM; OMIM 606585) in an

autosomal dominant or recessive hereditary pattern

(Wright et al. 2006, Hu et al. 2007). Hypomatured AI

is characterized by hypomineralized enamel with

normal thickness and is caused by mutations in

enamelysin (MMP20; OMIM 604629) or kallikrein 4

(KLK4; OMIM 603767) gene in an autosomal reces-

sive hereditary pattern (Hart et al. 2004, Kim et al.

2005). Hypocalcified AI (OMIM 130900) shows soft

enamel with normal thickness and was recently

demonstrated to be caused by mutations in family

with sequence similarity, member H (FAM83H; OMIM

611927) gene in an autosomal dominant hereditary

pattern (Kim et al. 2008, Lee et al. 2008, Hart et al.

2009).
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Affected enamel shows reduced thickness or poor

mineralization, and thus, excessive attrition and/or

sensitivity to thermal changes are frequent findings in

AI patients (Hart et al. 2003, Kim et al. 2004). How-

ever, many patients display a tendency of openbite or

Class III occlusion regardless of their AI subtype (Kim

et al. 2006). It is still unclear whether genes involved in

AI have a role in the development of the malocclusions.

It is not uncommon for affected individuals to need

extensive prosthodontic and endodontic treatment

because of thin or weak enamel with hypersensitivity

to thermal changes. However, it is not yet known how

soft the hypocalcified enamel and dentine are in these

patients. In this study, the microhardness of an affected

tooth in an AI patient was investigated and a novel

FAM83H nonsense mutation in autosomal dominant

hypocalcified AI family was identified.

Materials and methods

The protocols used in this study were reviewed inde-

pendently and approved by the Institutional Review

Board at the Seoul National University Dental Hospital.

The experiments were performed with the understand-

ing and written consent of each subject according to

the Declaration of Helsinki.

Mutational analysis

Genomic DNA was extracted from the peripheral blood

cells of participating family members using the Quick-

Gene DNA whole blood kit S with QuickGene-Mini80

equipment (Fujifilm, Tokyo, Japan). Purity and con-

centration of the DNA was measured by spectropho-

tometry (Nanodrop, Thermo, Wilmington, DE, USA)

using the OD260/OD280 ratio. PCR conditions and

primer pairs used for PCR and sequencing the FAM83H

gene were previously described (Kim et al. 2008). PCR

amplification was performed using HiPi DNA polymer-

ase premix (ElpisBio, Taejeon, Korea) and the products

were purified with a PCR Purification Kit (ElpisBio).

DNA sequencing was performed at the DNA sequenc-

ing centre (Macrogen, Seoul, Korea). All nucleotide

numbering was determined by counting from the A of

the ATG translation initiation codon of the human

FAM83H reference sequence (NM_198488.3).

Microhardness test

A partially impacted permanent right mandibular third

molar was extracted from an affected individual with a

known FAM83H mutation (c.973C>T, p.R325X). The

extracted tooth was sectioned using a diamond saw

after embedding using expoxy resin. The specimen was

then polished using a series of SiC papers. The

microhardness score was measured at six points

(enamel; near surface, middle, near dentinoenamel

junction (DEJ), dentine; near DEJ, middle, near pulpal).

The measurement was repeated four times at each

point. Vickers microhardness was measured using a

microhardness tester (HMV-2, Schimadzu, Tokyo,

Japan) applying a 4.903N load for 10 seconds.

Scanning electron microscopy

After the measurement of the microhardness, the tooth

was fractured for scanning electron microscopy. The

fractured tooth sample was dried and carbon-coated.

Results

Mutation analysis

Mutational analysis revealed a novel nonsense muta-

tion in the FAM83H gene. The identified mutation was

a C to T nucleotide change resulting in a CAG to TAG

(c.1354C>T, p.Q452X) in the last exon (exon 5) of the

FAM83H (Fig. 1a,b).

Clinical findings

The proband was a 5-year and 8-month-old Korean girl

whose deciduous teeth (III:3) showed hypoplastic

enamel with brown discoloration. There were several

islands of normal-looking enamel, especially in the

cervical part of the mandibular deciduous anterior

teeth. Soft uncalcified enamel appeared to be worn by

masticatory force (Fig. 1c). Panoramic radiography

showed developing permanent teeth with normal

enamel thickness and reduced mineralization (Fig. 1d).

The proband’s teeth were moderately sensitive to

thermal changes. The affected mother (II:4) had full

coverage restorations in almost all teeth.

Microhardness test

The microhardness test revealed extremely soft enamel

associated with the FAM83H mutation. There was a

tendency for decreasing microhardness values towards

the dentinoenamel junction in normal enamel

(P < 0.001, anova). In contrast, the surface of the

affected enamel was mostly soft throughout the
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enamel. However, the microhardness values of the

affected dentine were similar to the values of normal

controls (Fig. 2).

Scanning electron microscopy

Fractured enamel sample showed normal-looking pris-

matic structure (Fig. 3). However, there were crevices

between enamel prisms.

Discussion

The hypocalcified form of AI is the most common

subtype in the United States (Witkop 1988). The

affected enamel is so soft that it can easily be affected

by attrition, leaving thin residual enamel attached to

underlying dentine. Islands of normal-looking enamel,

especially in the cervical and/or cusp tip area, have

been reported, as in this case (Lee et al. 2008). It is

uncertain whether this phenomenon occurs by other

calcification mechanisms, which are not related to the

function of FAM83H or to the nature of the mutation

(genotype–phenotype relation).

Eight mutations in the FAM83H gene have been

identified (Table 1). However, the novel mutation

identified in this study brings the number of muta-

tions resulting in hypocalcification of the enamel to

nine. It is very interesting that all identified mutations

I : 1 I : 2

II : 4II : 2 II : 5II :1 II : 3

III : 1 III : 2 III : 3

(a) (b)

(d)

(c)

Figure 1 Pedigree and mutational anal-

yses of the kindred. (a) Pedigree of the

kindred. Black arrow indicates proband.

(b) DNA sequencing chromatogram of

the affected individual III-3. Red arrow

indicates the position of the mutation.

(c) DNA sequencing chromatogram of a

normal control. (d) Left: frontal view of

affected individual III-3 at age 5 years

8 months. Right: panoramic radiograph

of affected individual III-3 at the same

age.
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Figure 2 Microhardness of normal and

hypocalcified teeth. The Vickers microh-

ardness number is indicated in the box.

The 95% confidence interval is indicated

in the box for the normal teeth. Standard

deviation of the hypocalcified tooth is

indicated in the box.
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are nonsense mutations occurring in the last exon.

The FAM83H gene has five exons and the last exon

encodes most of the protein (933 out of total 1179

amino acids). Although it has been reported that

some nonsense mutations, specifically near the 3¢
region of the last exon, cause nonsense-mediated

decay (NMD) of mutated mRNA (Tan et al. 2008),

nonsense mutations reported in FAM83H do not

seem to induce NMD because these mutations span

from the beginning (p.Y297X) to the middle

(p.Q667X) of exon 5. This means that, truncated

protein product lacking the C-terminal are most likely

synthesized. It is still unknown if the hypocalcification

of the enamel is a result of a dominant-negative effect

or haploinsufficiency, but it is clear that wild-type

FAM83H is essential for proper calcification of tooth

enamel. Further mutational analysis and functional

study will help to understand genotype–phenotype

correlation and the mechanism of tooth enamel

formation.

Thickness of the hypocalcified enamel is usually

normal, which may indicate that the secreted amount

of enamel matrix proteins at least amelogenin is not

affected by the FAM83H nonsense mutations. The

crevices found in fractured enamel samples may

represent increased content of nonmineral component.

From this study, it is clearly shown that the affected

enamel of hypocalcified AI because of a FAM83H

nonsense mutation is extremely soft compared with the

normal control. The microhardness values of the

affected enamel were similar to or less than the normal

values of dentine. However, microhardness values of

the dentine of hypocalcified AI were similar to the

values of normal dentine. Therefore, root canal prep-

aration in hypocalcified AI patients could be performed

as in healthy patients without concerns about lateral

stripping or perforation because of excessive dentine

softness.

Conclusion

A novel nonsense mutation in the last exon of

FAM83H was identified in a family of autosomal

dominant hypocalcified AI. The microhardness test of

a hypocalcified tooth with a known mutation showed

that the enamel was extremely soft but the dentine was

as hard as the normal control. Further study on the

function of FAM83H and genotype–phenotype corre-

lation will help the clinician and geneticist understand

the mechanism of normal and pathologic enamel

formation.

Table 1 Summary of mutations in FAM83H resulting in hypocalcified amelogenesis imperfecta

Location cDNAa Protein Ethnicity Heredity Reference

Exon 5 c.891T>A p.Y297X Korean de novo Lee et al. (2008)

c.973C>T p.R325X Korean AD Kim et al. (2008)

c.1192C>T p.Q398X Korean, Turkish de novo, AD Kim et al. (2008),

Hart et al. (2009)

c.1243G>T p.E415X Hispanic AD Lee et al. (2008)

c.1330C>T p.Q444X Turkish AD Hart et al. (2009)

c.1354C>T p.Q452X Korean AD This report

c.1366C>T p.Q456X Turkish AD, de novo Hart et al. (2009)

c.1380G>A p.W460X Caucasian AD Lee et al. (2008)

c.2029C>T p.Q677X Caucasian AD Lee et al. (2008)

AD, Autosomal dominant.
aNumbering assumes the A of the ATG start codon as nucleotide 1 based on reference sequence NM_198488.3.

100 µm

Figure 3 Scanning electron microscopy of the fractured hyp-

ocalcified enamel. Black arrows indicate crevices between

enamel prisms.
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