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Abstract Hereditary vitamin D-resistant rickets (HVDRR),

an autosomal recessive disorder caused by inactivating

mutations in the vitamin D receptor (VDR) gene. We identi-

fied two affected children from the same family, one at the age

of 10 years and 9 months and the other at 9 months old.

Mutation analysis by PCR-sequencing the entire coding

region of the VDR gene revealed a homozygous C to T

transition in exon 2 of the VDR gene (c.148C[T) resulting in a

stop codon at amino acid position 50 (p.R50X) in the proband

and his younger sister. The p.R50X has never been previously

described. Both asymptomatic parents were heterozygous for

the mutation. In addition to most of the clinical features of

HVDRR including total alopecia, symptoms of hypocalcemia

at a later onset and normophosphatemia, rarely found in

HVDRR were present in the proband. This study also

emphasizes an important role of genetic testing for early

diagnosis and genetic counseling.
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Introduction

Hereditary vitamin D-resistant rickets (HVDRR), previ-

ously known as vitamin D dependent rickets type II

(VDDR type II), is an autosomal recessive disorder (OMIM

# 277440) caused by inactivating mutations in the vitamin

D receptor (VDR) gene [1–3]. Deficiency of VDR leads to

rickets with end-organ unresponsiveness to 1,25-di-

hydroxyvitamin D3 (1,25 (OH)2D3). HVDRR is charac-

terized by early onset rickets, hypocalcemia, secondary

hyperparathyroidism, and elevated serum levels of 1,25

(OH)2D3 [3, 4]. Hypophosphatemia is generally found in

patients with HVDRR. However, some patients with

HVDRR have been reported with normophosphatemia [5,

6]. About 80% of patients with HVDRR have alopecia,

either totalis or partialis by which the degree of alopecia is

associated with severity of the resistance. Age at diagnosis

of HVDRR is varied from few months to the second decade

of life by the typical skeletal defects [6].

To date, at least 48 different mutations in the VDR gene

have been reported and most are missense/nonsense
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mutations (http://www.hgmd.cf.ac.uk, accessed January

2011). Most VDR mutations affect the DNA binding

domain (DBD) and result in inactivation or loss of protein

function [3, 7]. The genotype-phenotype correlation is still

unclear and further studies are required.

In this study, we report clinical and molecular charac-

terization of two Thai children from the same family with

HVDRR. A homozygous novel nonsense mutation in the

DBD of the VDR was identified, expecting to result in a

truncated protein leading to hormone resistance and total

body alopecia.

Methods

Laboratory evaluation of hormonal function

The intact PTH level was analyzed by electrochemilum-

inescence immunoassay (Roche Diagnostics, Indianapolis,

IN) and the level of 25-hydroxyvitamin D (25-OHD) was

determined by direct competitive chemiluminescence

immunoassay (DiaSorin S.p.A., Saluggia, Vercelli,

Italy).

Mutation analysis

After informed consent, peripheral blood samples were

obtained from the patients and their parents. Total RNA

and genomic DNA (gDNA) were extracted from peripheral

leukocytes according to standard protocols. The study was

approved by local Ethics Committee. Reverse transcription

was performed using ImProm-IITM reverse transcriptase

(Promega, Madison, WI), according to the manufacturer’s

instructions. The VDR cDNA was amplified by PCR using

a set of primers and condition as previously described [8].

In brief, we used 50 ng of cDNA, 1XPCR buffer (Fer-

mentas, Thermo Fisher Scientific, Inc), 1.5 mM MgCl2,

0.2 mM dNTPs, 0.2 lM of each primer and 0.5 U Taq

DNA polymerase (Promega) in a volume of 20 ll using the

following parameters: 35 cycles of 45 s at 94�C, 30 s at

64�C and 1 min 15 s at 72�C. PCR products were treated

with ExoSAP-IT (USP Corporation, Cleveland, OH)

according to the manufacturer’s recommendations, and

sent for direct sequencing (Macrogen Inc., Seoul, Korea).

Sequence data were analyzed using Sequencher (version

4.2; Gene Codes Corporation, Ann Arbor, MI). The entire

exon 2 of the VDR gene was amplified from gDNA of the

patients and their parents by PCR using primers 50-CCA

GAA GAC AGG TCT CCG TG-30 and 50-TGC CCA

AAC TTG CAG GAG AG-30 at the annealing tempera-

ture of 58�C. The PCR products were sent for direct

sequencing.

Results

The proband was a 10-year and 9-month-old boy who

presented with intermittent cramping for 1 month due to

hypocalcemia. He was born at term to consanguineous

parents without complications. The parents were first

cousins and phenotypically normal. There was no history

of bone disease. The proband was found to have sparse and

thin hair since birth and developed total alopecia at

7 months old. Teeth erupted at appropriate for age but all

were pulled out from severe dental caries. He started to

walk at 3 years of age. Except for delayed walking, his

other developmental milestones were within normal limit.

He had one long bone fracture due to falling at 2 years of

age. Before being brought to our hospital, he had seizure at

age 10 years and 8 months due to hypocalcemia for which

he was treated at the local hospital. Before visiting us, the

cause of his hypocalcemia had never been characterized

as he rarely suffered from seizure despite intermittent

cramping. Physical examination at age 10 years and

9 months showed a height of 90.5 cm (height age at 2-year

and 6-month old) and a weight of 15.5 kg (weight age at

3-year and 6-month old). He was disproportionately short

with bowed legs and total alopecia (Fig. 1a). Frontal

bossing with sparse and thin eyebrows was noted. He had

small thoracic cage with rachitic rosary at both sides of

costochondral junctions. Widening of both wrists was

found. Generalized small papular lesions were found on his

face, trunk and both arms. Laboratory investigations were

shown in Table 1 and revealed hypocalcemia, normo-

phosphatemia, elevated parathyroid hormone (PTH) and

alkaline phosphatase. Imaging studies revealed generalized

osteopenia with severe rickets (Fig. 1c, e). The proband

was initially treated with 425 mg/kg/day of calcium,

40,000 U/day of ergocalciferol and 133 ng/kg/day of cal-

citriol. Calcium and calcitriol were subsequently increased

to 750 mg of elemental calcium/kg/day and 7 lg/day

(466 ng/kg/day), respectively. Despite high-dose oral cal-

cium therapy for 2 months, normal serum calcium levels

could not be achieved. An alternate day of intravenous

calcium administration (1 g/day) was therefore added to

the daily oral dose of calcium to raise and maintain serum

levels of calcium at a normal range. The alkaline phos-

phatase and PTH gradually improved (Table 1). Alopecia

remained unchanged.

The proband’s sister was a 9-month-old girl with sparse

and thin hair since birth (Fig. 1b). She had no history of

fractures or hypocalcemic symptoms. Her diet was ade-

quate for vitamin D and calcium according to recom-

mended daily allowance. Her dentition appeared normal

with four teeth at age 1 year. She was able to stand alone

without bowed legs. Her other developmental milestones

remained appropriate for age. On physical examination, her
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length was 71 cm (25th percentile), weight was 8.2 kg

(25th percentile), and head circumference was 43 cm (25th

percentile). The upper-to-lower segment ratio was 1.36:1.

Mild skeletal deformities were found at both wrists. Total

alopecia with sparse and thin eyebrows was noted. Labo-

ratory investigations revealed normal levels of calcium and

phosphate with elevated levels of PTH and alkaline

phosphatase (Table 1). The radiographs showed mild

metaphyseal flaring of distal ends of femurs and wrists

(Fig. 1d, f). She was initially treated with 40,000 units of

vitamin D2 and 500 ng of calcitriol and 400 mg of ele-

mental calcium per day. Due to persistent elevation of

alkaline phosphatase and PTH levels, intermittent admin-

istration of intravenous calcium was subsequently added.

Analysis of the VDR gene by PCR-sequencing identified

a homozygous nonsense mutation, a C to T transition in exon

2 at nucleotide position 148 (c.148C[T) from the proband

and his sister (Fig. 2, upper panel). No other sequence

alterations were found. Both parents were heterozygous for

this substitution (Fig. 2, middle panel). The c.148C[T

mutation is expected to result in changing an arginine at

amino acid position 50 into a stop codon (p.R50X). The

novel nonsense mutation is located in the DBD.

Discussion

We describe the clinical and genetic features of a family

with two siblings affected with HVDRR. The proband had

severe rickets and total alopecia, but a later onset of

hypocalcemic symptoms and normophosphatemia. His

9-month-old sister had early signs of rickets and total

alopecia with elevated levels of PTH and alkaline phos-

phatase but normal levels of calcium and phosphate.

Mutation analysis revealed that both siblings who were

born to consanguineous parents harbored a homozygous

nonsense mutation, c.148C[T (p.R50X), of the VDR gene.

Although five different nonsense mutations in the VDR

gene have previously been reported [2, 9–15], the p.R50X

is novel. Their parents are heterozygous for the substitution

and remain asymptomatic.

Alopecia is a feature frequently found in individuals

with HVDRR with the majority of the patients having

sparse body hair. Total scalp and body alopecia have been

reported in some cases [2, 6, 9–19]. Our patients were

found to have sparse and thin hair since birth and devel-

oped total alopecia within 12 months. Generalized small

Fig. 1 The clinical features and radiological findings of the proband

(a, c, e) and the younger sister (b, d, f). Photographs of both patients

showing alopecia and sparse and thin eyebrows and eyelashes (a, b).

X-ray of both knees (c, d) and wrists (e, f) showing findings consistent

with rickets

Table 1 Laboratory findings of the proband and the younger sister

Before treatment After treatment Normal range

Proband Sister Proband Sister

Calcium (mg/dl) 4.3 8.9 9.8 8.7 8.1–10.4

Phosphate (mg/dl) 3.5 3.7 3.0 2.8 2.7–4.5

Alkaline phosphatase (U/l) 1031 747 475 906 39–117

Intact PTH (pg/ml) 100.8 381.5 84.1 188.3 15–65

25-hydroxy vitamin D (ng/ml) 5.2 N/A 23.4 109.0 [25

N/A non available
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papular lesions were also detected on the proband’s face,

trunk, and both arms. Previous studies demonstrated

striking clinical and microscopic similarities between alo-

pecia and skin lesions associated with VDR mutations and

with hairless gene (hr) mutations [19, 20]. The protein

product of the hr gene is a corepressor of the VDR and

retinoid-related orphan receptor [21]. The VDR and HR are

thought to repress specific genes during the hair cycle.

Mutations in VDR or HR cause alopecia by derepression

of these genes leading to disturbance of the hair cycle

[22, 23]. Most of VDR mutations associated with alopecia

are located in the DBD or result in premature termination

truncating the VDR [3]. Some mutations have been iden-

tified in the ligand-binding domain preventing VDR from

binding to the retinoid X receptor (RXR) [11, 15, 18, 24].

A mutation in the VDR gene that abolished coactivator

interaction and transactivation but not DNA binding or

RXR heterodimerization was identified in an HVDRR

patient without alopecia [25]. The findings of total alopecia

observed in our HVDRR patients with the novel nonsense

mutation, p.R50X, presumably leading to the formation

of a truncated protein lacking parts of the DNA bind-

ing domain as well as a complete loss of the C-terminal

ligand-binding domain provide evidence supporting this

hypothesis.

A few variations in the laboratory investigations of

HVDRR have been demonstrated. Hypophosphatemia

would be expected in HVDRR patients due to decreased

vitamin D action; however, some affected cases including

ours were found to have normal serum phosphate levels or

levels higher than expected with unclear explanation [5, 6].

Normal levels of serum 25-OHD, an indicator of vitamin D

reserve, are generally observed in HVDRR individuals.

Previous studies however reported HVDRR individuals

with low levels of 25-OHD due to concomitant vitamin D

deficiency [26, 27]. The initial 25-OHD level in our pro-

band was low. It was corrected after treatment with ergo-

calciferol, calcium, and calcitriol suggesting a possible

poor nutritional intake.

Individuals with VDR mutations causing alopecia are

generally unresponsive to oral calcium and vitamin D or

calcitriol therapy and the degree of alopecia is associated

with the treatment outcome [28]. Intravenous calcium

infusion is required to achieve normal serum calcium levels

[29]. Our proband with total alopecia was initially treated

with high-dose oral calcium therapy. The partial clinical

responses included relief of hypocalcemic symptoms and

slight improvement of serum chemistries. After two months

of treatment, normal serum calcium levels however could

not be achieved. Addition of intravenous calcium at a dose of

1 g every other day was therefore required. These findings

indicated that the VDR defect in our proband led to an

ineffectiveness of intestinal calcium absorption. Intravenous

calcium infusion is necessary to restore normocalcemia and

reverse secondary hyperparathyroidism.

The genetic analysis of the VDR is crucial for giving

definite diagnosis and appropriate genetic counseling in

patients suspected of HVDRR. This also leads to early

diagnosis and management in other at-risk family members

to prevent further bone deformities and hypocalcemic

events. The proband’s sister received treatment after defi-

nite diagnosis was made at 9 months of age.

In conclusion, we report a novel nonsense mutation

(c.148 C[T, p.R50X) in the VDR gene in two siblings with

HVDRR and total alopecia. This study emphasizes an

important role of genetic testing for a definite diagnosis and

appropriate genetic counseling. Early diagnosis and treat-

ment could be provided to prevent complications associ-

ated with VDR defects.
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