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FAM83H Mutations in Families with Autosomal-Dominant
Hypocalcified Amelogenesis Imperfecta

Jung-Wook Kim,1,2,* Sook-Kyung Lee,1 Zang Hee Lee,1 Joo-Cheol Park,1 Kyung-Eun Lee,1

Myoung-Hwa Lee,4 Jong-Tae Park,4 Byoung-Moo Seo,3 Jan C.-C. Hu,5 and James P. Simmer5

Amelogenesis imperfecta (AI) is a collection of diverse inherited disorders featuring dental-enamel defects in the absence of significant

nondental symptoms. AI phenotypes vary and are categorized as hypoplastic, hypocalcified, and hypomaturation types. Phenotypic

specificity to enamel has focused research on genes encoding enamel-matrix proteins. We studied two families with autosomal-domi-

nant hypocalcified AI and have identified nonsense mutations (R325X and Q398X) in the FAM83H gene on chromosome 8q24.3.

The mutations perfectly cosegregate with the disease phenotype and demonstrate that FAM83H is required for proper dental-enamel

calcification.
Dental enamel is the most highly mineralized tissue in

the human body. Mature enamel contains less than 1%

organic material. It is acellular and contains no collagen.

Enamel forms in an extracellular space lined by amelo-

blasts, tightly connected epithelial cells that control both

the ionic and the organic contents of the enamel extracel-

lular space.1 The mineral in enamel is mainly calcium

hydroxyapatite, but the dimensions of its crystallites are

unlike any observed outside of amelogenesis. The final

crystals are only about 25 nm thick and 65 nm wide but

are believed to extend, uninterrupted, from the dentino-

enamel junction to the surface of the tooth, a distance of

up to 2 mm.2 These crystallites grow parallel to each other

in bundles called rods, with about 10,000 crystallites per

rod.3 Enamel crystallites extend at a mineralization front

located at the secretory portion of the ameloblast distal

membrane. Proteins secreted at this site act in concert to

lengthen the crystals. These proteins are amelogenin

(AMELX),4 enamelin (ENAM),5 ameloblastin (AMBN),6

and the protease enamelysin (MMP20).7 Amelx, Enam,

and Ambn null mice produce either a thin or a nonexistent

enamel layer.8–10 Mmp20 null mice produce an enamel

layer about half as thick as normal.11 Defects in human

AMELX, ENAM, and MMP20 cause X-linked hypoplastic/

hypomaturation forms (MIM 301200), autosomal-domi-

nant and -recessive hypoplastic forms (MIM 608563),

and autosomal-recessive pigmented hypomaturation forms

(MIM 204700) of AI, respectively.12–15 Kallikrein 4 (KLK4)

is a serine protease expressed at a later stage of enamel

formation,16 and it causes autosomal-recessive pigmented

hypomaturation AI (MIM 204700).17 It is therefore well

established that defects in the genes encoding enamel ex-

tracellular-matrix proteins cause AI. It is also established

that only about 1⁄4 of all AI cases are caused by these

genes.18
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AI is the collective designation given to inherited enamel

defects that occur in the absence of significant non-dental

phenotypes. Allele frequency differences cause the preva-

lence of AI to vary geographically; it is 1:700 in Sweden

and 1:14,000 in the United States. Hypocalcified AI is the

most common type of AI in the United States.19 AI is a het-

erogeneous disorder that can be caused by mutations in

a variety of genes. The defects include thin (hypoplastic)

enamel associated with defective matrix synthesis; soft,

rough (hypocalcified) enamel from a failure in calcifica-

tion; and soft, stained (hypomatured) enamel of normal

thickness, a defect associated with a failure to remove

enamel proteins and allow the crystals to fill the space

between crystallites. On the basis of the phenotype and

pattern of inheritance, 14 mostly distinct forms are recog-

nized.20 Because the phenotype is limited to the dentition,

the genes encoding enamel proteins were long suspected

of causing AI, and indeed all but ameloblastin are proven

to be part of its etiology.

The proteins in the enamel matrix of developing teeth

have been extensively characterized.21,22 The enamel pro-

teome is composed predominantly of amelogenin and,

to a lesser extent, enamelin and ameloblastin cleavage

products.23,24 The likelihood that many more genes that

encode critical matrix constituents will be identified is

low. Recently, however, a novel component of the matura-

tion-stage basal lamina, amelotin (AMTN), was discov-

ered.25 AMTN is now a candidate gene for hypomaturation

forms of AI, but mutation analyses of AMTN have not yet

turned up any disease-causing mutations.

More often than not, mutation analyses of kindreds with

AI do not identify a disease-causing mutation, that is, one

that causes a predictable loss of protein function and also

correlates with the disease phenotype.18 Sometimes, link-

age to known candidate genes can be excluded,26 and,
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rarely, linkage is established toa particular chromosomal seg-

ment. Recently, a 2.1 Mb region on chromosome 8q24.3 was

mapped as a previously unreported disease locus for a Brazil-

ian family with autosomal-dominant hypocalcified AI

(ADHCAI), but the linkage area contained no apparent can-

didate genes, and the causative gene was not identified.27

Here we report that we have identified a gene in this region

that causes ADHCAI. To our knowledge, it is the first AI

gene that has been identified through a genome-wide search

and encodes an intracellular protein that is ubiquitously ex-

pressed rather than being specific for tooth formation. The

gene has no previously known connection to amelogenesis.

The study protocol and patient consents were indepen-

dently reviewed and approved by the Institution Review

Board at the Seoul National University Dental Hospital.

Informed-consent procedure was conducted according to

the Declaration of Helsinki.

Genomic DNA was obtained by a conventional salting-

out method. The purity and concentration of the DNA

was quantitated by spectrophotometry, as measured by

the OD260/OD280 ratio. DNA concentration was adjusted

to 10 ng/ml. Thirteen polymorphic markers were genotyped

for 25 individuals (14 affected and 11 unaffected) in a

Korean ADHCAI family 1 by use of fluorescene-labeled

primers. Genotyping was performed at the National Instru-

mentation Center for Environmental Management

(NICEM, Seoul National University, Seoul, Korea). Analysis

of linkage was performed via FastLink v4.1 in easyLINKAGE

Plus v5.02, with a stringent autosomal-dominant model

that specified a penetrance of 1 and disease-allele frequency

of 0.001 as input values.28

Mutations were sought in 42 genes, including FAM83H

(family with sequence similarity 83 member H) in the

2.1 Mb linkage region, by direct DNA sequencing of the

proband. PCR primers were generated with the help of

the ExonPrimer and Primer3 on the web. PCR primers for

exons and exon/intron boundaries of FAM83H are listed

in Table 1. PCR amplifications were performed with the

HiPi DNA polymerase premix (ElpisBio, Korea). PCR-

Table 1. Primer Pairs Used to Amplify and Sequence the
FAM83H Gene

Amplicon Forward Reverse

1 50-CAGGAGGCAGGAGCGAC-30 50-GGTAGCCCAAGTGGGACC-30

2 50-TCCACAGTGTGTCCATGCTC-30 50-GCTCATGCATCTCCTCCAC-30

3 50-GTGATCCAGACACCTCCCG-30 50-CCTGGTGTGGAAAGGGG-30

4 50-AGACCTCACATCCCTGCG-30 50-CTTGAAGGCGTCCATCTCC-30

5 50-ACTTCCTGTCGGCCTTCC-30 50-GTAGGAGGCCAAACGCC-30

6 50-GGACTACGTGCCGTCCAG-30 50-AGCAGCTGCACCTTCTCAG-30

7 50-AGCAGGACTCATTCCGCTC-30 50-GACTCATTATGGAGCACCTGG-30

8 50-AGCTGCTCGACACACTGG-30 50-GCCCAGTGACAGACGCC-30

9 50-AAGGCTCCTTGCGTCTTAGG-30 50-CTGCTGGCCTCCTCTTTC-30

10 50-TCCGCTCGGACAGCTTG-30 50-AGCCCAGACCGCTCAAC-30

11 50-AGCACCTTCATCTCTGCACC-30 50-AGCGAGCAGGAGAATCCAAG-30

12 50-CTCAGGGCCTCCTGTTCTC-30 50-CCCATACCTGTCAAGGATAAGC-30

13 50-ATGGTCCAGACAACCTGTGG-30 50-GGAACTGCTGCCTTTGTTTG-30

14 50-TGTAGAAAGCCCCCACTGTT-30 50-GTCCACAGGGGAAATCTGG-30
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amplification products were purified with the PCR Purifica-

tion Kit and protocol (ElpisBio, Korea). DNA sequencing

was performed at the DNA-sequencing center (Macrogen,

Korea). Both identified mutation sites were analyzed in

all family members and in genomic DNA from 200 unre-

lated Korean normal control chromosomes by direct

DNA sequencing as described above.

To detect mRNA in the tooth samples we performed in situ

hybridization. A database search identified the mouse homo-

log of FAM83H: AA409316. Based on the mRNA sequence

(NM_134087.1), primers were designed to amplify a 539 bp

probe (forward primer: 50-TGCGCTCATCACTCATCTTT-30;

reverse primer: 50-ATAAGGCAGCTGGTGTGTCC-30). The

amplified product was cloned into the pCR2.1-TOPO vector

(Invitrogen, USA) and subcloned into the pBluescript II

SK(þ) vector (Stratagene, USA). The pBluescript II SK(þ) con-

struct was restricted with BamHI and DIG-labeled with the

DIG RNA Labeling kit. Mandible specimens from 3-week-

old mice were hybridized with the labeled probe according

to the manufacturer’s protocol. Each section was counter-

stained with methyl green.

For investigation of the expression of FAM83H in the

tooth follicle, RT-PCR was performed with RNA from a hu-

man tooth follicle, human pulp tissue, and tissues from

a newborn mouse. Primers for the mouse tissues were the

same as those used for in situ hybridization. Primers for

the amplification (amplicon 10) of FAM83H were used for

human tissues. GAPDH was used as an internal control.

Linkage analysis confirmed the disease locus to be within

the chromosome 8q24.3 region, between D8S1837 and the

telomere (Table 2, Figure 1). There are 91 genes in the over-

lapping region. We performed mutation analyses for 42 of

these genes and identified a nonsense mutation in exon 5

of the FAM83H (Figure 2). On the basis of the GenBank ref-

erence sequences NC_000008.9 and NM_198488.2, the

mutation is designated 973C/T; R325X. This mutation

perfectly cosegregates with the disease phenotype in this

Table 2. Two-Point LOD Scores of the Locus Associated with
ADHCAI Family 1

Marker

Physical

Position

Q

0.0 0.05 0.10 0.15 0.20 0.30 0.40

D8S347 129,409,639 �N �1.62 �0.44 0.10 0.37 0.51 0.34

D8S378 134,105,713 �N �0.50 �0.22 �0.08 0.00 0.07 0.07

D8S1837 139,301,331 �N 1.48 1.53 1.45 1.31 0.93 0.46

D8S1050 139,724,990 2.46 2.23 1.99 1.75 1.50 0.99 0.45

D8S1024 141,497,876 2.67 2.36 2.12 1.90 1.68 1.14 0.52

D8S1704 141,720,546 4.64 4.29 3.90 3.47 3.01 2.00 0.91

D8S1744 143,101,154 3.78 3.45 3.11 2.76 2.39 1.62 0.80

D8S161 143,444,797 5.55 5.04 4.52 3.98 3.41 2.21 0.97

D8S1836 143,747,505 5.86 5.36 4.84 4.29 3.73 2.52 1.21

D8S315 144,218,310 5.83 5.33 4.81 4.27 3.71 2.50 1.21

D8S373 144,296,507 3.41 3.11 2.80 2.48 2.14 1.45 0.70

D8S2334 146,101,309 3.40 3.11 2.81 2.49 2.16 1.47 0.73

D8S1926 146,114,938 5.70 5.21 4.70 4.18 3.62 2.45 1.17

Physical position is based on Build 36.2 of the GenBank human reference

sequence.
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family. Subsequently, we identified a spontaneous non-

sense mutation (1192C/T; Q398X) in the same gene in

another Korean ADHCAI family. In both families, the dis-

ease-causing mutation was a premature translation-termi-

nation codon in the last exon. Both mutations were absent

in genomic DNA analyzed from 200 unrelated Korean

normal control chromosomes. In addition to the perfect

correlation with the disease phenotype among 25 individ-

uals, the two FAM83H mutations we identified would

have significantly truncated the expressed protein and

certainly affected its function. The wild-type FAM83H pro-

tein has 1179 amino acids, a calculated molecular mass of
The Ame
127-kDa, and an isoelectric point of 6.6 (Figure 2C). The

R325X and Q398X mutant proteins are 855 and 782 amino

acids shorter than the wild-type protein, respectively. We

have also confirmed by in situ hybridization and RT-PCR

that FAM83H is expressed by ameloblasts (Figure 3). The

data strongly support the hypothesis that the identified

FAM83H mutations caused ADHCAI in these families.

The dental enamel in affected members of these kin-

dreds was of normal thickness in unerupted or newly erup-

ted teeth, but was cheesy soft and lost soon after eruption

(Figure 2A). Clinically, the teeth were extremely sensitive

to thermal irritation. Because of rapid attrition and painful
Figure 1. Pedigree and Haplotype of the ADHCAI Family 1
Affected individuals are indicated by black symbols including the proband (V:11). Squares represent males, and circles represent females.
Bars shown below each individual indicate the genotypes of the microsatellite markers. The black bar represents the marker haplotype
that segregates with the affected status. Microsatellite markers are shown in their chromosomal order.
rican Journal of Human Genetics 82, 489–494, February 2008 491



sensitivity, most of the dentitions of affected individuals

were extensively restored, which precluded accurate assess-

ment of their original condition. Several affected individ-

uals in the first kindred (R325X) exhibited an anterior

openbite, a sign that often accompanies AI regardless of

type or genetic cause.

The primary structure of FAM83H gives little indication

of its potential functions. The FAM83H deduced amino

acid sequence was analyzed by a number of predictive algo-

rithms. SignalP 3.0 predicted that FAM83H is not a secreted

protein. Interestingly, the Nine Amino Acids Transactivation

Domain (9aa TAD) Prediction Tool identified DLLSEVLEA

(amino acids 162–170) as a motif that is common to the

transactivation domains of many transcription factors.

RT-PCR analyses of multiple tissues were positive for

FAM83H expression; on the basis of expressed sequence

tag (EST) analysis it appears to be ubiquitously expressed.

FAM83H is likely to function in multiple cell types. The

observation that dramatic enamel defects occur in the
492 The American Journal of Human Genetics 82, 489–494, February
hemizygous condition with no apparent phenotype in

other tissues suggests that developing teeth are the only

organs dependent upon normal to nearly normal levels

of FAM83H expression and that mutations in both alleles

might produce a syndrome with enamel defects as one fea-

ture. The truncated FAM83H expressed in our two ADHCAI

kindreds might have lost an important region, which inter-

acts with an ameloblast-specific component that is critical

for normal calcification of the enamel layer.

Ameloblasts progress through several functional stages

to carry out the sequential processes of crystal initiation,

elongation, and maturation. The growing hydroxyapatite

crystals consume calcium and phosphate ions and gener-

ate hydrogen ions, so ameloblasts must constantly adjust

their secretory and reabsorptive activities to maintain

favorable conditions for biomineralization. Very little is

understood about ameloblast differentiation, the cellular

feedback mechanisms that adjust secretions according to

needs, and the physiological mechanisms of ion transport
Figure 2. Mutations in FAM83H
(A) Clinical photograph (upper) and panoramic radiograph (lower) of an affected individual in the ADHCAI family 2.
(B) The DNA sequence of a segment of FAM83H exon 5 for R325X (left) and Q398X (right) mutation of patients and wild-type sequence
(Wt). Nucleotide sequences and corresponding amino acids are shown below each chromatogram. The positions of nucleotide changes are
marked by black arrows.
(C) Gene structure of FAM83H. Five exons (box) and introns (line) were drawn (upper). The number of each exon is shown below the gene
structure. The position of each mutation is marked by black lines above the gene structure. Darkened boxes represent coding regions.
Normal and mutated protein structure were drawn (below)
2008



that maintain an appropriate degree of saturation for the

extracellular fluid. This discovery that FAM83H defects

cause ADHCAI will stimulate significant research into the

roles that FAM83H plays during amelogenesis.
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nlm.nih.gov/Omim/
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