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renal failure fecta, enuresis, and intermittent urinary infections.
Both had nephrocalcinosis and clinically undetectable
tooth enamel with failure of the majority of the per-
manent teeth to erupt. Their amelogenesis imperfecta

Introduction was described as being phenotypically similar to
autosomal recessive hypoplastic (enamel agenesis) ame-
logenesis imperfecta [4] with dagger-shaped intrapulpalThe syndrome of amelogenesis imperfecta and nephro-
calcification also present in some teeth. In bothcalcinosis has been previously documented in three
patients, serum electrolytes, pH, bicarbonate, PTH,sibling pairs. Here we describe two siblings from a
calcitonin, 25(OH ) vitamin D, calcium, phosphate,large family. The parents were first cousins, and this
and alkaline phosphatase were normal. Both demon-is the first time the condition has been documented in
strated decreased urinary concentrating ability and theoffspring of a consanguineous marriage, supporting
boy had a decreased creatinine clearance. Both hadthe belief that inheritance is autosomal recessive.
low urinary excretion of calcium and phosphate andAmelogenesis imperfecta is a term used to describe
increased urinary osteocalcin.inherited defects of tooth enamel [1]. It most com-

More recently, Phakey et al. described another sib-monly has an autosomal dominant pattern of inherit-
ling pair with autosomal recessive hypoplastic (enamelance, but autosomal recessive, X-linked, and sporadic
agenesis), amelogenesis imperfecta, and nephrocal-cases also occur. The condition has also been previ-
cinosis [5,6 ]. Both had normal calcium metabolismously shown to occur as part of several multi-organ
and the boy had serum creatinine at the upper limit ofsyndromes including (i) amelogenesis imperfecta and
normal. Normal urinary osteocalcin levels were foundhypothalamo–hypophyseal insufficiency, (ii) cone–rod
in both children and both had normal 24-h urinarydystrophy and amelogenesis imperfecta, and (iii) amel-
excretion of calcium and phosphate. Electron micro-ogenesis imperfecta and nephrocalcinosis. In these
scopical study of the teeth of these cases was performedfamilies, described below, nephrocalcinosis was dia-
and showed the presence of hypoplasia and hypomat-gnosed only after the children had already received
uration/hypocalcification in the same tooth, suggestingdental treatment for their amelogenesis imperfecta.
defects in the secretory and maturation phases ofThe first family, described in 1972 by MacGibbon
amelogenesis. The authors suggested that the defect[2], comprised a brother and sister, the sister being
may lie with one of the matrix proteins and that twodiagnosed by screening after her much older brother
closely related genes might be involved, rather than adeveloped renal failure and hypertension. It was noted
single gene.that both siblings had the same defect of dental enamel.

In none of these previously described families withThe older sibling died at the age of 26, possibly as a
amelogenesis imperfecta and nephrocalcinosis has thereresult of complications arising from his nephrocal-
been any family history of amelogenesis imperfectacinosis. The sister went on to develop multiple urinary
and none of the parents have been related.infections, hypertension and renal failure.

The second pedigree, described by Lubinsky et al.
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Our sibling pair are a sister and brother whose parentsThe Middlesex Hospital, Royal Free and University College Medical
School, 48 Riding House Street, London WIP 7PN, UK. were first cousins [7]. Neither parent had any history
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of renal impairment or nephrocalcinosis. The father’s upper right premolar which had eroded through the
mucous membrane, beneath the bridgework. Eight ofdental records show he had extensive dental work;

however, this was for age-related dental disease and thirteen teeth used to support the bridgework required
root canal treatment, an unusually high proportion.not for amelogenesis imperfecta. None of the other

five siblings or the mother has evidence of amelogenesis The brother had nephrocalcinosis diagnosed at age
32, following a routine medical screen (Figure 2). Heimperfecta. All of them have normal renal ultrasound

scans with no evidence of nephrocalcinosis. The four was referred to us aged 36 with polyuria and polydipsia.
He had recently passed a renal calculus; however, nochildren of the two index cases are unaffected by

amelogenesis imperfecta. stones were subsequently found in his urine. He gave
no history of urinary-tract infection or childhood enur-When the sister was 12 and the brother 8 years old,

both children were treated at the Eastman Dental esis. Renal ultrasound revealed asymmetrical kidneys,
the left 12.4 cm and the right 6.7 cm, with multipleHospital, where they were noted to have extremely

thin and smooth enamel affecting both primary and cysts and bright parenchyma. Isotope renogram
showed the right kidney to be unobstructed, but con-erupted permanent teeth. In the brother, the colour of

the remaining primary teeth appeared normal, but the tributing only 9% to function, and the left 91%. It is
thought he may have had chronic pyelonephritis as aerupted permanent incisor teeth were discoloured light

yellow. The incisor and canine teeth in the sister were child. He has slight renal impairment, plasma creatin-
ine having reached a peak of 161 mmol/l (normal rangesimilarly discoloured light yellow, whereas the pre-

molars and molars were yellowish-brown in colour. 50–125), with creatinine clearance of 76 ml/min.
Plasma calcium is normal at 2.46 mmol/l (2.2–2.6),The teeth in both children were widely spaced and

their molar and premolar cusps were sharp and the plasma inorganic phosphate is 0.92 mmol/l (0.7–1.5),
and alkaline phosphatase 234 IU/I, with normal PTHincisal enamel razor-edged. A number of erupted per-

manent teeth in both children showed evidence of pre- and 25(OH ) vitamin D3. He has proteinuria of
1 g/24 h, normal urinary citrate and oxalate, anderuptive coronal resorption. Intraoral radiographs of

the brother showed only minute traces of enamel and normal urinary amino acids apart from strong taurine
and an unidentified ninhydrin-positive species. Urinarypre-eruptive coronal resorption of a number of poster-

ior teeth (Figure 1). In the sister, radiographs showed calcium is reduced at 0.9 mmol/24 h (2.0–9.0), consist-
ent with previous cases, with normal urinary phosphatelittle evidence of the extremely thin enamel, marked

coronal resorption of the unerupted maxillary first excretion of 24 mmol/24 h (15–50). A water depriva-
tion test performed in 1990 produced a urinary osmol-molars, and less extensive coronal resorption of other

unerupted premolar and molar teeth. A notable feature ality of 493 (significantly reduced). A random urine
pH, measured with a glass electrode, was 5.76. Thisin both sets of radiographs was what appeared to be

intrapulpal calcification limited to some primary teeth subject also has hypercholesterolaemia, with serum
cholesterol of 7.2 mmol/l at commencement of lipid-and mandibular permanent incisors in the brother, but

affecting all teeth in the sister, whether erupted or lowering therapy.
His older sister was seen by us aged 40 after herunerupted. This was not confirmed histologically.

Later, both had extensive bridgework and crowns fitted brother revealed they both had the same dental prob-
lems as children. Her nephrocalcinosis had originallyto all erupted permanent teeth. As an adult, the brother

required further reconstruction and removal of an been diagnosed following a urinary infection during

Fig. 1. An intraoral radiograph from the brother demonstrating the
Fig. 2. Plain abdominal radiograph showing extensive nephrocal-presence of unerupted teeth (open arrows) affected by hypoplastic

amelogenesis imperfecta, with characteristic extensive coronal resorp- cinosis in a medullary distribution, with a small right kidney in
the brother.tion and probable intrapulpal calcification (closed arrow).
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her first pregnancy aged 26. She had had no particular and females with the condition exhibit differing pheno-
types due to Lyonization in females [9].problems apart from infrequent urinary infections, and

hypertension. Renal ultrasound scan and intravenous There are at least two forms of autosomal dominant
amelogenesis imperfecta, one of which has been local-pyelogram both show normal-sized kidneys with mul-

tiple hyperechoic foci. Plain abdominal film shows ized to the long arm of chromosome 4 [10,11], which
appears to be an area carrying many genes involvedmultiple small calcifications of approximately 2–3 mm

in both kidneys. These appearances have remained in the formation and maintenance of mineralized tis-
sues, including the ameloblastin gene [12,13], which isunchanged over the period of her follow-up. Plasma

creatinine was up to 89 mmol/l with creatinine clearance considered a possible candidate for autosomal domin-
ant amelogenesis imperfecta. Other structural genes inof 90 ml/min. Plasma calcium is normal but plasma

phosphate is reduced, having been 0.46 mmol/l at one this area include osteopontin, albumin, and bone
sialoprotein.point, with a maximum level of only 0.71 mmol/l

(0.7–1.5). Plasma 25(OH) vitamin D3 is normal at Another candidate for autosomal dominant amelog-
enesis imperfecta is the tuftelin gene on chromosome13 mg/l (3–30), but PTH is elevated at 13.3 pmol/l

(1.0–6.5). Bone mineral density is normal when 1 q 21–31 [14]. This is also the chromosome carrying
the gene for osteocalcin, which Lubinsky found to beassessed by isotopic densiometry. Urine biochemistry

showed a normal amino-acid screen. Urine calcium elevated in his patients’ urine. None of the proteins
known to be involved in amelogenesis (amelogenin,excretion is also reduced at 0.5 mmol/24 h, with normal

urine phosphate. Urine oxalate and citrate are both ameloblastin, and tuftelin) has been shown to be
expressed in the kidney. Other proteins known to benormal but there is proteinuria of 0.18 g/24 h (<0.06).
involved in tooth mineralization, including albumin
and osteopontin [15], also occur in the kidney.

Albumin appears to make up the majority of protein
Discussion in renal stones, whereas osteopontin appears to be a

major inhibitor of crystal nucleation in renal-stone
formation, particularly calcium oxalate stones [16,17].The syndrome of amelogenesis imperfecta and nephro-

calcinosis has been previously described predominantly This is in contrast to its role in the mineralization of
teeth, where it appears to be responsible for the initi-in children. Our family are therefore unusual in that

their renal involvement was not detected until they ation of calcification at the dentinocementum junction.
Osteopontin has not been found in enamel. Expressionwere well into adulthood, and they have had a relatively

benign course. The only characteristics common to all of osteopontin in the kidney appears to be widespread.
It has been postulated that osteopontin may becases appear to be failure of teeth to erupt, with thin

or absent enamel, bilateral nephrocalcinosis in a medul- involved in the pathogenesis of tubulointerstitial injury
following glomerulonephritis. It binds avidly to macro-lary distribution, and normal plasma calcium, 25(OH)

vitamin D3, and alkaline phosphatase. Varying degrees phages in vitro, and Pichler et al. [18] found that the
expression of osteopontin in the kidney preceded tubu-of renal impairment and urinary concentrating ability

have been described. lar damage and that infiltrating monocyte/macro-
phages localized to areas of osteopontin expression.Nephrocalcinosis may remain undetected until

patients present with recurrent urinary infections, Osteopontin and osteocalcin are both matrix proteins,
the genes for which are carried on the same chromo-pyelonephritis, or the passage of a stone. In this

condition the ultrasound and radiographic appearances some as other genes coding for proteins involved in
amelogenesis. This may prove to be an interesting areaof the nephrocalcinosis are indistinguishable from

other causes of medullary nephrocalcinosis; in fact, the for investigation in trying to classify the genetic defect
behind amelogenesis imperfecta and nephrocalcinosis.brother was originally referred as a possible case of

medullary sponge kidney. The fact that this sibling Histologically detectable nephrocalcinosis has been
reported as an incidental finding in up to 100%pair are offspring of a consanguineous marriage also

confirms the autosomal recessive inheritance of this of autopsies. Radiographically detectable nephrocal-
cinosis is much less common [7]. This syndrome there-condition. Autosomal recessive forms of amelogenesis

imperfecta make up less than 10% of all forms of fore seems to combine one uncommon condition
(amelogenesis imperfecta) with one much less commonamelogenesis imperfecta. Although, in this condition

the amelogenesis imperfecta is described as being of (nephrocalcinosis). Further research into this area may
help to shed light not only on the pathogenesis of theenamel agenesis type, strictly speaking the enamel is

severely hypoplastic. syndrome itself, but also on to the pathogenesis of
the two individual conditions which make up theMuch work has been done over the last 10 years to

define the genetic defects underlying amelogenesis whole. This is important, particularly given the mor-
bidity associated with unrecognized and untreatedimperfecta. The X-linked form has been extensively

investigated and has been characterized as a defect in nephrocalcinosis.
Although this syndrome appears to be extremelythe amelogenin gene in the Xp22 region [1,8]. There

is also an amelogenin gene in the peri-centromere rare, the medical and psychological significance is high.
Children born with amelogenesis imperfecta have aregion of the Y chromosome which appears to be

transcribed in less than 10% of normal males. Males dentally disfiguring condition, often requiring extensive
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