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Objective – Amelogenesis imperfecta (AI) is a heterogeneous

group of genetic disorders characterized by developmental

abnormalities of tooth enamel. The AI is also seen as part of

multi-organ abnormalities, e.g. with cone-rod dystrophy,

hypothalamo-hypophyseal insufficiency and renal failure. The

present patient with AI and nephrocalcinosis exhibited a

phenotype different from previous cases with renal failure. To

highlight the characteristics of this rare case, extensive analysis

that included histological, biochemical and genetic

examinations was performed.

Patient – The present Japanese male patient exhibited

dentition with AI and bilateral cleft lip and palate. Ground

sections of his extracted tooth showed that it was

hypomaturation-type AI, unlike previous cases with

nephrocalcinosis were hypoplastic-type. He showed

nephrocalcinosis and hematuria at 15 years of age but these

symptoms appeared to be secondary to polycystic kidney

disease. He showed skeletal Class II pattern with a retrognathic

profile and retroclined incisors of both arches. A dolicofacial

appearance was seen with an enlarged gonial angle.

Biochemical makers including serum alkaline phosphatase,

parathyroid hormone, calcitonin, calcium, and phosphate, were

all in the normal range. Sequence analysis of the genes

encoding amelogenin and enamelin, which are known to be

responsible for hypoplastic-type AI, did not reveal any

mutations. Since mouse null mutant of homeobox transcription

factor, Msx2, exhibits a phenotype resembling AI, the human

homolog of this gene, MSX2, was sequenced. There was a

missense mutation of T447C that resulted in the conversion of

methionine to threonine at 129.
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Introduction

Amelogenesis imperfecta (AI) is a heterogeneous group

of genetic disorders characterized by developmental

abnormalities in the quantity and/or quality of tooth

enamel in the absence of generalized or systemic dis-

ease (1). It has been reported that the prevalence of AI

is 1/14 000 and 1/700 in America (1) and northern

Sweden (2), respectively. AI is divided into three types;

hypoplastic-type (secretory defect), hypocalcified-type

(crystallite nucleation defect) and hypomaturation-

type (maturational stage defect). It is currently classi-

fied into 14 distinct subtypes, based on the clinical

manifestation and the mode of inheritance (3). Both

X-linked and autosomal forms of AI have been reported

(4–6). Mutation in the gene encoding amelogenin,

localized at Xp22.1–p22.3, was discovered in X-linked

AI (4). The locus of the autosomal forms of AI is map-

ped to 4q11–q21 (5,6) and mutations have been iden-

tified in the gene encoding enamelin (6).

AI is also seen as part of multi-organ abnormalities,

e.g. 1) cone-rod dystrophy (1), 2) hypothalamo-hypo-

physeal insufficiency (1) and 3) renal failure (7–11).

Nephrocalcinosis and hypoplastic-type AI were com-

monly seen in the last type of cases and they were

frequently accompanied with delayed tooth eruption,

an elevated level of plasmatic creatine and low calcium

excretion.

We report here a Japanese male patient with AI and

renal failure who had clinical manifestations completely

different from those in previous studies (7–11). Exten-

sive examinations, including histological, biochemical

and genetic analysis, were performed. This report

describes a rare case of multi-organ abnormalities

including AI, cleft lip and palate, and polycystic kidney

disease (PKD).

Case report

The present male patient was born to a healthy mother

as a fourth child. His father had PKD but did not have

any other disease including AI. His paternal and

maternal grandmothers were sisters, which implied

that his father and mother were cousins. He was born

by a normal delivery in full term but was only 46 cm

long and weighed 2550 g at birth, which is much

lower than the Japanese norms (3200 g). He showed

microcephaly and blepharoptosis, and had bilateral

cleft lip and palate. Bilateral lip repair and palatal clo-

sure were performed at 8 months and at 2 years of age,

respectively. His height and weight were much smaller

than the Japanese norm throughout the growth period.

He had slight mental retardation and underdescended

testis. Surgical repositioning of the testis was carried

out at 8 years of age. At 15 years of age, he had

hematuria and nephrocalcinosis. The result of an

ultrasonographic examination led to a diagnosis of

PKD. Discharge of the calculus and medication were

carried out for his treatment. Considering that his

father also was with PKD, it was possibly inherited in

an autosomal dominant manner (autosomal dominant

PKD, ADPKD; OMIM 173900).

He was seen at our dental hospital at 24 years of age.

All teeth were mottled brown and black, and showed

the typical appearance of AI (Fig. 1A–C). The lingual

displacement of the mandibular lateral incisors was

noted. On a panoramic radiograph, enamel had

Fig. 1. Oral photographs (A–C) and radio-

graphs (D–F). Frontal (D) and lateral (E)

cephalograms and panoramic radiographs

(F).
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approximately the same radiodensity as dentin

(Fig. 1F). A dolicofacial skeletal pattern was seen with

an enlarged gonial angle (Fig. 1E). The maxillary right

and left lateral incisors and the right canine were

impacted (Fig. 1D, F). During orthodontic treatment,

the mandibular lateral incisors were extracted and

ground sections were prepared (Fig. 2). The section

showed that the enamel thickness was almost normal

but the structure was immature (Fig. 1A, B) and torn off

(Fig. 1A, C). Based on these observations, his AI was

classified as hypomaturation type (3).

Analytic measurements from the lateral cephalogram

are shown in Table 1. The SNA and SNB angles were

smaller than Japanese norms (12). The ANB angle was

9.2�, which showed skeletal Class II characteristics.

Maxillary and mandibular incisors were both signifi-

cantly retroclined. Gonial and mandibular plane angles

were much larger than the Japanese norms (12).

Serum albumin, LDH, c-GTP, ALP, creatinin, urea,

sodium, potassium, calcium, chloride and phosphate,

were all in the normal range. Parathyroid hormone

(PTH), calcitonin, osteocalcin and 1.25(OH)2VitaminD

were also measured. All of these markers were also in

the normal range, which would exclude the involve-

ment of metabolic hard tissue disease.

To identify the gene responsible for AI, three genes,

amelogenin, enamelin and MSX2, were sequenced.

After the extraction of genomic DNA, the polymerase

chain reaction using specific primers for amelogenin

(13), enamelin (6) and MSX2 (14) was performed.

Mutations in amelogenin (4) and enamelin (6) have

been reported to cause hypoplastic-type AI. As expec-

ted, no mutations in these genes were identified in this

patient with hypomaturation-type AI. Since the mouse

homeobox transcription factor, Msx2, is related to AI

(15) in rodents, the human homolog of this gene, MSX2

(gene accession number NM_002449), was sequenced.

The results showed there was a mutation in T447C that

resulted in the conversion of methionine (M) to thre-

onine (T) at position 129 in exon 2 (Fig. 3).

Discussion

This report describes a rare case of AI, cleft lip and

palate, and PKD. The ground section, panoramic

radiograph and clinical symptoms indicated this AI was

hypomaturation-type rather than hypoplastic- or

hypocalcified-type (3). In previous reports of AI with

renal failure, all cases were hypoplastic-type, suggest-

ing that the present patient had a distinct origin and

phenotype compared to previously reported cases.

The present patient showed nephrocalcinosis, as in

previous patients (7–11). However, he was diagnosed as

PKD, probably ADPKD based on the condition of his

father. ADPKD is one of the most common inherited

Table 1. Analytical measurement (degree)

values Japanese norm12

SNA 75.1 81.8

SNB 65.9 78.6

ANB 9.2 3.3

U-l to FH plane 51.9 108.9

L-l to mandibular plane 71.2 94.7

Mandibular plane angle 52.1 26.3

Gonial angle 144.9 119.4

S, sella turcica; N, nasion; A, point A; SNA, angle between SN and NA;

B, point B; SNB, angle between SN and NB; U-l, long axis of maxillary

central incisor; U-l to FH plane, angle between U-l and FH (frankfort

horizontal) plane; L-l, long axis of mandibular central incisor; L-l to

mandibular plane, angle between L-l and mandibular plane; Mandibular

plane angle, angle between mandibular plane and FH plane; Gonial

angle, angle between mandibular plane and ramus plane.

Fig. 2. Ground sections of the present patient. Boxed areas (b and c)

in A are shown in higher magnification in B and C, respectively. The

integration of the enamel structure was disturbed (asterisk in B) and

detached (asterisk in C). Bars ¼ 100 lm.
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disorders, with the incidence of 1/1000 (16). This dis-

ease is characterized by the progressive replacement of

renal parenchyma by gradually enlarging cysts.

Approximately 50% of affected individuals develop

renal failure and these patients compromise 4–5% of

the dialysis population. Nephrocalcinosis and hemat-

uria are known to be major symptoms of ADPKD (16).

Thus, nephrocalcinosis in the present patient was

likely to be secondary to ADPKD and the origin

appeared to be different from those of previously

reported cases. All of the serum markers (albumin,

LDH, c-GTP, ALP, creatinine, urea, sodium, potassium,

calcium, chloride, phosphate, PTH, calcitonin, osteo-

calcin and 1.25(OH)2VitaminD) were in the normal

range, which excludes the involvement of metabolic

disorder in the present condition.

Several genes have been suggested to be related to AI,

e.g. the genes encoding amelogenin, ameloblastin,

enamelin, tuftelin, enamelysin, kallikrein 4 and MMP-20

(17–19). However, mutations have only been identified

in cases exhibiting hypoplastic-type AI (4,6). As expec-

ted, there were no mutations in genes encoding

amelogenin or enamelin in the present case of hypo-

maturation-type AI.

Homozygous Msx2 null mutant mice exhibit a tooth

abnormality resembling AI (15). Thus, genetic analysis

of MSX2 was carried out and the result showed a

missense mutation of T447C that resulted in the

conversion of methionine to threonine at position 129.

Interestingly, this point mutation is identified in 10%

of non-syndromic sagittal craniosynostosis (submitted

SNP as ss6313877). Further studies are required to

clarify the precise involvement of MSX2 gene and the

function of methionine at position 129 in the process

of enamel formation.

Acknowledgements: The authors are grateful to Professor

Yuzo Takagi, Professor and chair, Developmental Oral Health

Science, Tokyo Medical and Dental University, for useful

comments and suggestions.

References
1. Witkop CJ Jr, Sauk JJ Jr. Heritable defects of enamel. In: Stewart

RE, GH, editors. Oral Facial Genetics. St. Louis: Mosby; 1976. pp.

151–226.

2. Backman B, Holm AK. Amelogenesis imperfecta: prevalence and

incidence in a northern Swedish county. Community Dent Oral

Epidemiol 1986;14:43–7.

3. Witkop CJ Jr. Amelogenesis imperfecta, dentinogenesis imper-

fecta and dentin dysplasia revisited: problems in classification.

J Oral Pathol 1988;17:547–53.

4. Lagerstrom M, Dahl N, Nakahori Y, Nakagome Y, Backman B,

Landegren U, Pettersson U. A deletion in the amelogenin gene

(AMG) causes X-linked amelogenesis imperfecta (AIH1).

Genomics 1991;10:971–5.

5. Karrman C, Backman B, Dixon M, Holmgren G, Forsman K.

Mapping of the locus for autosomal dominant amelogenesis

imperfecta (AIH2) to a 4-Mb YAC contig on chromosome 4q11-

q21. Genomics 1997;39:164–70.

6. Kida M, Ariga T, Shirakawa T, Oguchi H, Sakiyama Y. Autosomal-

dominant hypoplastic form of amelogenesis imperfecta caused by

an enamelin gene mutation at the exon-intron boundary. J Dent

Res 2002;81:738–42.

7. MacGibbon D. Generaliaed enamel hypoplasia and renal dys-

function. Aust Dent J 1972;17:61–3.

8. Lubinsky M, Angle C, Marsh PW, Witkop CJ Jr. Syndrome of

amelogenesis imperfecta, nephrocalcinosis, impaired renal

Fig. 3. The structure of the gene encoding MSX2. Dotted area denotes the coding region. Regular and bold letters represent DNA and amino

acid sequences, respectively. T447C resulted in the conversion of methione (M) to threonine (T) at position 129.

Orthod Craniofacial Res 9, 2006/52–56 55

Suda et al. A Case of AI, CLP and PKD



concentration, and possible abnormality of calcium metabolism.

Am J Med Genet 1985;20:233–43.

9. Phakey P, Palamara J, Hall RK, McCredie DA. Ultrastructural

study of tooth enamel with amelogenesis imperfecta in

AI-nephrocalcinosis syndrome. Connect Tissue Res 1995;32:253–9.

10. Dellow EL, Harley KE, Unwin RJ, Wrong O, Winter GB, Parkins BJ.

Amelogenesis imperfecta, nephrocalcinosis, and hypocalciuria

syndrome in two siblings from a large family with consanguin-

eous parents. Nephrol Dial Transplant 1998;13:3193–6.

11. Normand DLT, Bonarek H, Marteau JM, Boileau MJ, Nancy J.

Amelogenesis imperfecta and nephrocalcinosis: a new case of this

rare syndrome. J Clin Pediatr Dent 2003;27:171–5.

12. Iizuka T. Roentgencephalometric analysis of craniofacial growth

in Japanese children. J Stomatol Soc Jpn 1958;25:18–30.

13. Hart S, Hart T, Gibson C, Wright JT. Mutational analysis of

X-linked amelogenesis imperfecta in multiple families. Arch Oral

Biol 2000;45:79–86.

14. Wuyts W, Reardon W, Preis S, Homfray T, Rasore-Quartino A,

Christians H et al. Identification of mutations in the MSX2

homeobox gene in families affected with foramina parietalia

permagna. Hum Mol Genet 2000;9:1251–5.

15. Satokata I, Ma L, Ohshima H, Bei M, Woo I, Nishizawa K et al.

Msx2 deficiency in mice causes pleiotropic defects in bone

growth and ectodermal organ formation. Nat Genet 2000;24:

391–5.

16. Grantham JJ. Cystic disease of the kidney. In: Brenner BM, editor.

The Kidney, 6th edn. Philadelphia: WB Saunders, 2000. pp. 1699–

730.

17. Bartlett JD, Simmer JP, Xue J, Margolis HC, Moreno EC. Molecular

cloning and mRNA tissue distribution of a novel matrix metallo-

proteinase isolated from porcine enamel organ. Gene

1996;183:123–8.

18. Simmer JP, Fukae M, Tanabe T, Yamakoshi Y, Uchida T, Xue J

et al. Purification, characterization, and cloning of enamel matrix

serine proteinase 1. J Dent Res 1998;77:377–86.

19. Deutsch D, Palmon A, Fisher LW, Kolodny N, Termine JD, Young

MF. Sequencing of bovine enamelin (��tuftelin��) a novel acidic

enamel protein. J Biol Chem 1991;266:16021–8.

56 Orthod Craniofacial Res 9, 2006/52–56

Suda et al. A Case of AI, CLP and PKD




