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Compound Heterozygous Mutations in Vitamin D 
Receptor Gene in Two Sisters With Hereditary 

Vitamin D Resistant Rickets Type II
Samar El Sodaa, b, d, Hanan Madanic, e

Abstract

Background: Hereditary vitamin D resistant rickets (HVDRR) 
type II, is a rare autosomal recessive disorder with known hetero-
geneity in clinical features, response to treatment and presence or 
absence of vitamin D receptor (VDR) gene mutation. Here, we de-
scribed VDR gene mutations in 2 sisters with HVDRR with correla-
tion to clinical features, and response to treatment.

Methods: Vitamin D receptor gene sequence analysis was per-
formed for exons 2 and 3, in addition to polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) for exons 
7 and 8. Patients, their parents, their elder sister and brother were 
studied. Treatment with high dose vitamin D, response to therapy, 
and 30 months follow up were recorded for both patients.

Results: A novel heterozygous point mutation (c.A155G) at the ini-
tiation codon of exon 3 was found in the 2 patients, their father and 
their healthy brother. This point mutation changed the amino acid 
(aa) at position 51 of the VDR from serine to glycine (p.Ser51Gly) 
at the start of the second zinc fi nger of the DNA-binding domain of 
the VDR. Exon 7 showed a heterozygous mutation in both patients 
and their mother. The mutation was located at the 970 base pair (bp) 

of VDR. Patients responded well to high doses oral calcium and 
Alfacalcidol without relapse of their rickets for the whole follow 
up period.

Conclusions: Compound heterozygous mutation was identifi ed in 
the VDR gene in 2 sisters with HVDRR. This mutation resulted in 
HVDRR without alopecia that was responsive to high dose vitamin 
D therapy.

Keywords: HVDRR; VDR gene mutation; Alopecia; Compound 
heterozygous mutation

Introduction

Hereditary vitamin D resistant rickets (HVDRR) type II, is a 
rare autosomal recessive disorder most often caused by mu-
tations in vitamin D receptor (VDR) gene, leading to end 
organ resistance to 1,25 dihydroxyvitamin D (1,25(OH)2D3) 
and resulting in increased circulating level of 1,25(OH)2D3 
[1]. Patients present with early onset rickets, hypocalcemia, 
hypophosphatemia, increased serum calcitriol levels and 
secondary hyperparathyroidism and some patients devel-
op total body alopecia [2]. Data from several studies have 
shown heterogeneity in HVDRR regarding clinical features, 
cellular defects in cultured skin fi broblasts [3], presence and 
type of VDR gene mutation [4]. This diversity has been evi-
denced clinically by the various responses to treatment with 
high doses of vitamin D analogues and by the presence or 
absence of alopecia [5].

VDR is a member of the steroid, thyroid, retinoid recep-
tor gene superfamily of nuclear transcription factors. VDR is 
composed of a N-terminal DNA-binding domain (DBD) that 
enables the interaction with vitamin D response elements 
(VDREs) and a C- terminal ligand-binding domain (LBD) 
that binds to 1,25(OH)2D3 [1, 6]. VDR gene is located on 
chromosome 12q13.11 and spans approximately 75 kb of 
genomic DNA [7]. About 40 different mutations in the VDR 
gene have been described to date in approximately seventy 
families with HVDRR-type II [8]. The majority of these mu-
tations were point mutations, while others included deletion, 
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insertion, and duplication mutations involving multiple base 
pairs.

The aim of our study was to identify the VDR gene 
mutation in two siblings with HVDRR and to correlate the 
type and site of this mutation with the phenotypic expres-
sion, clinical presentation, and response to treatment in the 2 
patients. We expected such work to help derive further infor-
mation on vitamin D resistance.

Subjects and Methods

Description of Subjects

We studied a family consisting of 6 subjects: the father, the 

mother, 2 healthy siblings and 2 affected patients. They are 
of Middle-eastern origin. The 2 patients are the third and 
fourth issue of a non consanguineous marriage between a 
Saudi father and a Bahraini Mother. Both parents are phe-
notypically normal. They have an apparently normal elder 
sister and brother, 17 and 14 years old respectively. Both pa-
tients were the outcome of uneventful pregnancy and deliv-
ery. They were healthy at birth and had normal development 
for the fi rst few months of life. In the second half of their fi rst 
year they were noted to be small for age and slow in devel-
oping motor skills. None of the affected children had alope-
cia. They received physiological doses of different forms of 
vitamin D and calcium supplementation without improve-
ment. The elder sister underwent surgical correction of bone 
deformity twice, but was followed by recurrence of bowing. 

Patient 1 Patient 2
Reference value

Jan/08 Feb/09 Jul/11 Jan/08  Feb/09 Jul/11

Ca (mg/dl) 9.7 9.7 9.5 9.4 8.9 10.4 8.8 - 10.8

P (mg/dl) 2.9 2.8 2.9 2.1 3.9 5.6 3.7 - 5.6

ALP (U/L) 1035 960 422 1573 767 392 145 - 420

PTH (pg/ml) 118 162 60 620 315 38.4 12 - 95

U. PO4 (g/24h/l)٭ - 0.4 - - 0.2 - 0.4 - 1.3

1,25(OH)2D3 (pg/ml) 74 106 97 71 75 146 27 - 71

25(OH)D (ng/ml) - 14 18 - 7 14 20 - 200

Table 1. Biochemical and hormonal profi les of the 2 patients

Figure 1. X-ray A) wrist and B) lower limb of the fi rst patient showed radiological signs of active rickets: diffuse osteoporosis, widen-
ing of the zone of provisional calcifi cation at the metaphysis, metaphyseal fraying, fl aying and cupping of proximal and distal tibia, 
distal femur, radius and ulna, irregular ill defi ned outline of the epiphysis, genu valgum deformity, bilateral anterior bowing of the 
lower part of the tibia and fi bula, and delayed bone age. C) Improvement of signs of active rickets and of bone age after treatment.

*urinary phosphate
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Patients were fi rst seen in January 2008. Laboratory (Table 
1) test was done as well as x-rays long bones (Fig. 1). Due 
to social reasons patients did not come back for follow up 
until February 2009. Both of them were off treatment for the 
previous 13 months. Laboratory (Table 1) and radiological 
(Fig. 1) work up was repeated.

The fi rst patient is a nine–year-old female, her height 
was 111 cm, below the 5th percentile for age, weight 25.5 
kg on the 25th percentile for age. She had broadening of the 
lower end of radius and ulna, chest deformity, marked bow-
ing of the lower limb (genu varum), waddling gait, normal 
muscle tone and normal dentition. She was complaining of 
marked lower limb pain that prevented her from walking, 
playing or joining sport class. Her x-ray showed diffuse os-
teopenia, widening of the epiphyseal plates, enlarged distal 
femoral epiphyses, bilateral genu varum deformity, but no 
fl aying, cupping, or fraying of any of the metaphyseal ends 
of long bones. One year later her height was 114 cm (still 
below the 5th percentile for age), and her weight was 30 kg 
(above the 25th percentile for age). Her x-ray showed only 
genu varum deformity and improvement of previously not-
ed osteopenia. Mean bone densitometry measured at lum-
bar vertebra (L1, L2, L3, L4) showed normal bone density: 
201.4 mg/cm2 (normal >150 mg/cm2). 

The second patient is a three-year-old girl with height 
and weight below the 5th percentile for age (73cm and 7.8 kg 
respectively). She had features of fl orid rickets manifested 
as broadening of the lower ends of long bones at the wrist 

and ankle, pigeon chest, rachitic rosary, genu valgum (knock 
knee), bilateral tibial kyphosis, normal dentition for age, and 
normal muscle tone. The marked lower limb deformity had 
markedly limited her motor activity. One year later her height 
and weight were 75 cm and 9.5 kg respectively (below the 
5th percentile for age). She was still having the same clinical 
and radiological signs of active rickets. She had premature 
loss of the lower central incisors. Mean bone densitometry 
measured by CT at lumbar vertebra (L1, L2, L3, L4) showed 
marked osteoporosis: 101.4 mg/cm2 (normal >150 mg/cm2).
(Fig. 1A, 1B, 1C)

Methods

Laboratory and radiological work up was consistent with the 
diagnosis of HVDRR type II. Treatment started in Febru-
ary 2009 with oral Alfacalcidol (one alpha drops) (2 mcg/
day) that was gradually increased in increments of 0.5 mcg 
every 3 - 4 weeks in addition to oral calcium supplementa-
tion in the form of 1700 mg calcium glubionate daily (this 
was present in a combination with 800 IU of active form of 
vitamin D3). Follow up was done every 2 weeks for the fi rst 
3 months and monthly thereafter until normalization of bio-
chemical results and x-ray. 

Alfacalcidol was then reduced gradually and later dis-
continued, while oral calcium supplementation continued 
throughout the study period. Follow up continued every 2 
- 3 months up to a total of 30 months. Signs of vitamin D 

Table 2. Primers and PCR conditions used for amplifi cations

Primers PCR conditions

Exon 2

2 a sense,
5’-AGCTGGCCCTGGCACTGACTCTGCTCT-3’
2 b antisense,                              
5’- ATGGAAACACCTTGCTTCTTCTCCCTC-3’

1) Denaturation at 94 °C for 5 
min.

2) 35 cycles of denaturation at 
94°C for 1 min., annealing at 
60°C for 1 min., and extension at 
72 °C for 1 min.

3) fi nal extension at 72 °C for 
10 min.

Exon 3

3a sense,
5’- AGGGTGAAGGAGCCGGAAGTTCAGTGAC-3’
3b antisense,
5’-CTTTCCCTGACTCCACTTCA GGCCCAA-3’

Exons 7& 8

7a sense
5’-GCGAATTCCGTTACTGGTAACCTGACCTCTTC-3’
8b antisense 
5’-TGGAATTCATACACCCCGCTCCCCAGTCCCTGAG-3’

As above but with annealing at 
56 °C.
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toxicity were monitored by 24 hours urinary calcium excre-
tion, calcium / creatinine ratio, serum creatinine, blood urea 
nitrogen and renal ultrasonography. Biochemical tests were 
repeated at every follow up visit. X-ray and bone densitom-
etry were repeated after normalization of biochemical tests. 
Height growth velocity was monitored throughout the study.

VDR gene analysis

Informed consent was obtained from parents for DNA study, 
but they refused skin biopsy of affected children. All fam-
ily members underwent VDR DNA analysis. EDTA blood 
samples were used for VDR gene analysis using DNA se-
quencing and restriction fragment length polymorphism 
(RFLP). All molecular analyses were carried out at the Mo-
lecular Unit of the Chemical Pathology Laboratories, Fac-
ulty of Medicine, Cairo University, Egypt. Genomic DNA 
was extracted from peripheral blood using QiA amp DNA 
blood mini kit (Qiagen, Valencia, CA). Exons 2, 3, 7 and 8 
of the VDR gene were amplifi ed by polymerase chain reac-
tion using the following primers and PCR conditions (Table 
2). Exons 7 and 8 were amplifi ed together & a pair of prim-
ers was designed to anneal to the intron-fl anking regions of 
exons 7 and 8 at a site located 10-20 base-pair (bp) from the 
intron-exon boundaries [9]. 

Sequence analysis of exons 2 and 3

The amplifi ed products for exons 2 and 3 (265, 220 bp re-
spectively) were purifi ed and were directly sequenced us-
ing the BigDye® Terminator v3.1 Cycle Sequencing Kit, and 
capillary electrophoresis was done on the Applied Biosys-
tems 310. The nucleotide sequence obtained from the pa-
tients and their family was compared with hVDR complete 
cDNA sequence (Gene Bank accession NM_00107535.1) 
using the Blastn algorithm (http://blast.ncbi.nlm.nih.gov/
Blast.cgi). Data was then analyzed using CLC sequence 
viewer 6 program.

RFLP analysis of exons 7 and 8

The amplifi ed products for exons 7 and 8 (573 bp) were ana-
lyzed by RFLP analysis, where the products were digested 
using RsaI restriction enzyme. Digestion of the normal PCR 
products with RsaI yielded 4 DNA fragments at 201, 195, 
101 and 76 bp [1]. 

Results

Laboratory evidence of response to treatment was evident 
after one month of start of treatment by mild reduction of 
serum alkaline phosphatase (ALP). The fi rst patient showed 
complete normalization of her biochemical tests (Table 1) 

with the exception of hypophosphatemia and normalization 
of PTH level after 11months of treatment at a dose of 7.5 
mcg/day of Alfacalcidol. She continued to show hypophos-
phatemia throughout the treatment period and thereafter.

Gradual withdrawal of Alfacalcidol to 0.75 mcg/day 
was well tolerated but hyperparathyroidism and elevation 
of alkaline phosphatase recurred with discontinuation of one 
alpha. So patient was maintained on 0.75 mcg/day of one al-
pha for the remaining study period. Surgical correction was 
followed by normal bone healing. Her height and weight 
reached 117 cm and 36.5 kg respectively at the end of the 
fi rst year of treatment, and 121 cm and 38 kg respectively by 
the end of the second year. No change was noted in growth 
velocity before and after treatment. Normal puberty occurred 
at the age of 11 years old. 

The second patient showed complete normalization of 
all biochemical tests (Table 1) and PTH level at a dose of 
4.5 mcg/day of Alfacalcidol after 5 months of regular treat-
ment. Her x-ray showed healing of all signs of active rick-
ets and improvement of osteopenia with persistence of the 
previously noted deformity. Bone mass density normalized 
to 184.7 mg/cm2 (normal above 150 mg/cm2). Dose of Alfa-
calcidol was then tapered to 0.7 mcg without recurrence of 
rickets. Patient then underwent surgical correction of lower 
limb deformity. She received the same dose throughout the 
post surgical period with normal bone healing and stable bio-
chemical tests. Alfacalcidol was then discontinued and pa-
tient was maintained on oral 1700 mg of calcium glubionate 
and 800 IU of vitamin D3 daily for the last one year without 
recurrence of clinical or biochemical rickets. A marked ac-
celeration of growth was noted during the treatment period. 
One year after starting treatment height reached 86 cm with 
an increase in growth velocity from 2 cm/year before treat-
ment to 11 cm/year after starting treatment. Weight also in-
creased to 12.5 kg and reached the 5th percentile for age. 
Height reached 96 cm at the end of follow up period. Patient 
had marked improvement in motor activity. 

No signs of vitamin D toxicity were noted in the fi rst 
patients, while the second patients showed polyuria with day 
and night incontinence that occurred when biochemical tests 
normalized. This was not associated with any change in the 
serum creatinine or blood urea nitrogen levels and was not 
associated with increase in urinary calcium / creatinine ratio. 
Polyuria improved with reduction of the dose of Alfacalcidol 
to 0.7 mcg/day.

Both parents had elevated PTH levels (120 and 88 pg/
ml respectively), while other biochemical parameters were 
normal except for slight hypophosphatemia in the mother: 
PO4: 2.4 mg/dl (normal: 2.5 - 4.5 mg/dl). The healthy brother 
and sister had normal biochemical results. 

Molecular genetic results

Direct sequencing of exon 2 showed a heterozygous muta-

                                                                                                                                                                                                                      177



J Endocrinol Metab  •  2011;1(4):174-181   Mutations in Gene

Articles © The authors   |   Journal compilation ©  J Endocrinol Metab and Elmer Press™   |   www.jofem.org

tion in exon 2 in the fi rst patient only, where there is substi-
tution of adenine by cytosine (A to C) at nucleotide position 
22 of the VDR gene (Fig. 2). This point mutation leads to an 
altered amino acid at position 8, from threonine to proline.
(Fig. 2)

Direct sequencing of exon 3 showed a missense muta-
tion leading to heterozygous substitution of Adenine to Gua-
nine (A-G) at the initiation codon of exon 3 at nucleotide 
position 155 of the VDR in patients, their father, and their 
phenotypically healthy brother. This results in changing the 
amino acid at position 51 of the VDR gene, from serine to 
glycine. (Fig. 3)

PCR-RFLP analysis of exons 7 and 8 revealed hetero-
zygous mutation in the 2 patients and their mother. The en-
zyme RsaI cuts at the GTAC sequence, which is altered by 
the mutation. The wild type allele shows a pattern of four 
bands 201, 195, 101, and 76 bp. This indicates that there are 
three RsaI sites in the normal DNA fragment. The mutation 
deletes one of the three RsaI sites in the DNA fragment so 
that patients homozygous for the mutant allele exhibit only 
three 3 bands, 302, 195, and 76 bp. Heterozygote patients 
have both normal and mutant alleles i.e. 5 bands: 302, 201, 

195, 101, and 76 bp. 

Discussion
  
Patients described here exhibited the classical clinical pat-
tern of HVDRR without alopecia [1, 2].

They initially presented with early onset rickets non re-
sponsive to physiologic doses of vitamin D, secondary hy-
perparathyroidism, and elevated serum 1,25(OH)2D3 levels 
in the fi rst patient and high normal level in the second one. 
Although total serum calcium level was normal at presenta-
tion, we can suspect the presence of low ionized calcium that 
triggered the secondary hyperparathyroidism. Unfortunately 
test for ionized calcium was not available in our facility. The 
absence of very high level of 1,25(OH)2D3 initially in the 
second patient can be explained by the exhaustion of the 1 
alpha hydroxylase system. This value increased after starting 
therapy when the patient changed to a new equilibrium.  

Responses to pharmacological doses of vitamin D ana-
logues have been reported in some patients [10 - 12]. How-
ever it has been shown that other patients may remain un-

Figure 2. Electropherogram of exon 2 of the VDR gene: A is the fi rst patient showing A to C substitution at position 22, B is the father 
with normal base sequence.

Figure 3. Electropherogram of exon 3 of the VDR gene: A is the fi rst patient with a substitution and a deletion mutations, at nucleotide 
position 150 of the VDR gene, B is the father with the substitution mutation.
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responsive to similar therapeutic trials [3, 11, 13], or after 
prolonged remission of their symptoms, become completely 
refractory to treatment [11]. Interestingly, several patients 
with HVDRR have shown spontaneous healing of their rick-
ets [14 - 16]. This usually occurs between 7-15 years of age, 
sometimes after a period of ineffective long-term treatment 
with vitamin D and mineral replacement or after the treat-
ment was discontinued. Spontaneous remission could ex-
plain the absence of radiological signs of active rickets in the 
fi rst patient - 10 years old - at the fi rst visit, and the spontane-
ous improvement of osteopenia and reduction of ALP in the 
second visit, while she was off therapy for the previous 13 
months. Despite radiological improvement and being eucal-
cemic, she still had hyperparathyroidism, hypophosphatemia 
and elevated 1,25(OH)2D3 level indicating that resistance 
to 1,25(OH)2D3 still exists. Perhaps after complete skeletal 
growth has been achieved her body was able to compensate 
for the defect in the VDR gene.

We detected a missense mutation in exon 2 in the fi rst 
patient 22 (c.A 22 C) led to an altered amino acid at position 
8 (p. Thr 8 Pro). This mutation is located in the N-terminal A 
/ B regulatory domains containing the activation function 1 
(AF-1) region. This A / B segment includes all residues that 
extend amino terminal to the DNA-binding domain (DBD) 
of the receptor. Its size is approximately 24 amino acids in 
the VDR [17]. Expected effect is weak ligand-independent 
transcription [1]. 

A second missense mutation was detected at initiation 
codon of exon 3 in patients, their father and healthy brother 
(c. A155G), leading to an altered amino acid at position 51 
(p. Ser 51 Gly). Hsieh, et al. [18] mentioned that Ser-51 lies 
at the start of the second zinc fi nger that constitutes the DBD 
of VDR. Mutation in Ser-51 can greatly affect the transac-
tivation ability of the VDR as Ser-51 phosphorylation is an 
important step in the control of VDR transcription [19]. A 
number of mutations in the VDR-DBD had been reported 
previously [20, 21] but to our knowledge this is the fi rst 
report that detects mutation of Ser-51in exon 3. Although 
mutations in DNA-binding domain is known to inactivate 
the VDR by disrupting contact with VDREs in promoters of 
target genes [22], and lead to severe hormone resistance and 
alopecia. Our patients did not have alopecia and responded 
well to oral treatment. Presence of DBD mutation in a het-
erozygous state results in less severe disease.

VDR-RFLP analysis of exons 7 and 8 revealed a hetero-
zygous mutation at the GTAC sequence at the 970 bp affect-
ing both patients and their mother. A C to A substitution mu-
tation was previously reported by Malloy, et al. [23] in seven 
related families with HVDRR. The defect was conversion of 
the nucleotide sequence GTAC to GTAA at 970 bp at (exon 7) 
of VDR. This mutation results in an ochre nonsense mutation 
in the VDR, leading to a premature termination signal within 
the ligand binding domain of the VDR. The mutant protein was 
unable to bind with 1,25(OH)2D3 and thus non functional [23]. 

In addition to our case, four other cases of HVDRR were 
shown to be caused by compound heterozygous mutations in 
the VDR. One French patient had two missense mutations 
in the VDR LBD that resulted in L263R and R391S amino 
acid substitutions. This patient responded to treatment with 
extremely high dose of vitamin D and calcium supplemen-
tation [24]. The second patient is a 55-year-old Caucasian 
woman with HVDRR that was resistant to treatment as a 
young child. She had a single base deletion in exon 4 that led 
to a frame shift and downstream termination codon in exon 
4 and a missense mutation in the VDR LBD that resulted in 
an E329K amino acid substitution [25]. The third patient is 
a girl born to a father from the Czech Republic and a mother 
from Indonesia. She had a nonsense mutation R30X in the 
DBD that changed the arginine to stop codon at position 
30 compound with a second unique 3-bpin-frame deletion 
in exon 6 that deleted the codon for lysine at position 246. 
She partially responded to oral calcium and calcitriol therapy 
[26]. All of these three patients had alopecia. The last patient 
is a Korean female with a 719 C-to-T (I146T) mutation in 
exon 4, and 754 C-to-T (R154C) mutation in exon 5 of the 
VDR gene that resulted in HVDRR without alopecia that re-
sponded well to oral vitamin D and calcium therapy [27].

Two previous study identifi ed VDR gene mutation in 2 
Saudi girls with HVDRR. The fi rst one had a point mutation at 
nucleotide 252 in exon 2 of the VDR. This missense mutation 
(GGC to GAC) resulted in the conversion of glycine to aspartic 
acid at amino acid position 46 (G46D), located at the base of 
the fi rst zinc fi nger [28]. The second girl had T to C mutation in 
exon 7 that changed isoleucine to threonine at amino acid 268 
(I268T). The mutation resulted in HVDRR without alopecia 
that responded only to IV calcium infusion [29].

The presence of one allele of any of the detected muta-
tion results in partial resistance to the 1,25(OH)2D3 as shown 
by elevated PTH levels in both parents. This can also explain 
the associated hypophosphatemia in the mother. But if this 
is true, why do healthy heterozygous brother show normal 
biochemical results, and normal parathyroid hormone lev-
els? It is possible that the activity of 1α hydroxylase enzyme 
at the younger age can compensate for the partial resistance 
to vitamin D action.  

In conclusion we identifi ed compound heterozygous 
mutation as the molecular basis for HVDRR in a patient with 
HVDRR without alopecia. This form responds easily to oral 
treatment with high dose vitamin D and calcium supplemen-
tation. The results of our study warrant further functional 
analysis to detect the effect of detected mutations on protein 
function, and their effect on the binding capacity of the vita-
min D receptor.
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