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Abstract
Hereditary vitamin D resistant rickets (HVDRR) is caused by mutations in the vitamin D receptor
(VDR). Here we describe a patient with HVDRR who also exhibited some hypotrichosis of the scalp
but otherwise had normal hair and skin. A 102 bp insertion/duplication was found in the VDR gene
that introduced a premature stop (Y401X). The patient's fibroblasts expressed the truncated VDR,
but were resistant to 1,25(OH)2D3. The truncated VDR weakly bound [3H]-1,25(OH)2D3 but was
able to heterodimerize with RXR, bind to DNA and interact with the corepressor hairless (HR).
However, the truncated VDR failed to bind coactivators and was transactivation defective. Since the
patient did not have alopecia or papular lesions of the skin generally found in patients with premature
stop mutations this suggests that this distally truncated VDR can still regulate the hair cycle and
epidermal differentiation possibly through its interactions with RXR and HR to suppress gene
transactivation.
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INTRODUCTION
The steroid hormone 1,25-dihydroxyvitamin D3 [1,25(OH)2D3] regulates a number of
biological processes including calcium homeostasis, cellular differentiation, and immune
function [1]. The activity of 1,25(OH)2D3 is mediated by the vitamin D receptor (VDR), a
member of the steroid-thyroid-retinoid receptor superfamily of ligand-activated transcription
factors [2-4]. The VDR contains an N-terminus DNA-binding domain (DBD) and a C-terminus
ligand-binding domain (LBD). The VDR binds as a heterodimer with the retinoid X receptor
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(RXR) to specific vitamin D response elements (VDREs) in target genes via a two-zinc finger
DBD. Crystallographic analysis of the VDR LBD has shown that it is composed of 13 α-helices
(H1, H2, H2n-H12). Ligand binding induces a conformational change in the VDR that
repositions the activation function 2 (AF-2) domain in helix H12 and allows for the recruitment
and binding of coactivators. Coactivators such as SRC-1, a gp160 family member, and
DRIP205, a member of the DRIP/TRAP/Mediator complex, modify chromatin and allow
transcription via RNA polymerase II.

Heterogeneous mutations in the VDR gene cause the rare genetic disease hereditary vitamin
D resistant rickets (HVDRR), also known as vitamin D dependent rickets type II (VDDR II)
[3]. Mutations in the VDR result in partial or total hormone unresponsiveness. The clinical
features of HVDRR include early onset rickets, hypocalcemia, and secondary
hyperparathyroidism. Patients generally have significantly elevated serum levels of 1,25
(OH)2D3 indicative of their resistance to the hormone. In addition, some patients exhibit total
body alopecia together with dermal cysts [3]. To date, all HVDRR patients that have nonsense
or frameshift mutations in the VDR gene that introduce premature stop signals have alopecia.
Alopecia is also associated with HVDRR patients that have mutations that affect DNA binding
or heterodimerization with RXR [5-15]. On the other hand, alopecia is not manifested in
patients with HVDRR that have mutations that disrupt ligand binding or coactivator binding
suggesting that ligand binding and coactivator interactions are not essential functions of the
VDR for regulation of hair growth [8,11,12,14-17]. VDR knockout mice, generated by
disrupting exon 2 [18] or exon 3 [19] that constitute the DBD, also exhibit alopecia. Hair growth
can be restored by specific expression of WT VDR in keratinocytes of VDR knockout mice
[20,21]. Importantly, keratinocyte-targeted expression of transactivation defective mutant
VDRs with mutations that affect ligand binding or that prevent coactivator binding also restored
hair growth [22]. The knockout mouse data further support our hypothesis based on analyses
of HVDRR mutations that control of the hair cycle by the VDR is independent of ligand binding
and gene transactivation [14]. The alopecia and skin lesions in some HVDRR patients have
been shown to be a phenocopy of the disorder known as atrichia with papular lesions (APL)
[23]. APL is caused by mutations in the Hairless gene. The hairless gene product, HR, like
the VDR, is involved in regulating hair growth. HR has recently been shown to function as a
corepressor with VDR [24], thyroid hormone receptor (TR) [25], and the retinoic acid receptor-
related orphan receptor α (RORα) [26,27]. It has been suggested that VDR and HR regulate a
common pathway(s) involved in the hair cycle and epithelial cell differentiation [24].

In this report, we analyzed the molecular defect in a patient with HVDRR without alopecia.
We identified a novel insertion/duplication mutation in the VDR gene that introduces a
premature stop signal that truncates the VDR. The mutation disrupts ligand binding and
coactivator interactions and results in loss of transactivation. This is the first report in which a
premature stop mutation in the VDR did not cause total body alopecia or skin lesions in a
patient with HVDRR.

MATERIALS AND METHODS
Patient consent and cultured fibroblasts

Informed consent was obtained from the patient and parents under a Stanford University IRB
approved protocol. Dermal fibroblasts were cultured from a forearm skin biopsy of the patient
as previously described [12].

[3H]1,25(OH)2D3 binding and Western blotting
Cultured fibroblasts from the patient were homogenized at ambient temperature for 10 min on
a rotating mixer in M-PER extraction buffer (Pierce) containing 300 mM KCl, 5 mM
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dithiothreitol, and a complete protease inhibitor tablet (Roche). Cell debris was removed by
centrifugation at 210,000 × g for 30 min at 4°C. The crude cell extracts were incubated with
[3H]1,25(OH)2D3 with or without 250-fold excess of radioinert 1,25(OH)2D3 and
hydroxylapatite was used to separate bound and free hormone as previously described [28].
For western blotting, samples were denatured in lithium-dodecylsulfate sample buffer for 10
min at 70°C and electrophoresed on 10% NuPAGE gels in MOPS-SDS running buffer
(Invitrogen). Proteins were transferred to nitrocellulose and incubated with a rabbit anti-VDR
polyclonal antibody N-20 (Santa Cruz Biotechnology, Santa Cruz, CA) as previously described
[13]. Protein concentrations were determined by the Bradford method [29].

Gene amplification and DNA sequencing
Exons 2-9 of the VDR gene were amplified by PCR and directly sequenced at the Stanford
protein and nucleic acid facility. For amplified fragment length polymorphism analysis, exon
9 was amplified from the patient and a normal control and PCR products separated on 1%
agarose gels.

Real time RT-PCR
The patient's fibroblasts were treated with 1,25(OH)2D3 for 6 hr in medium containing 1% calf
serum. RNA was isolated using RNAeasy spin columns (Qiagen). cDNA was prepared by
reverse transcription using superscript III cDNA synthesis kit (Invitrogen). CYP24A1 and TBP
genes were then amplified from the cDNA using SYBR-green qPCR kit (New England
Biolabs) and semi-quantified using real time PCR.

Plasmid Construction
The Y401X mutation was recreated by site directed mutagenesis using the GeneEditor
Mutagenesis kit (Promega) as previously described [14].

Gel Mobility Shift
Gel mobility shift assays were performed as previously described [15]. WT and mutant VDRs
were expressed in COS-7 cells. Cell extracts were incubated with [32P]-labeled osteopontin
VDRE in the presence and absence of 10 nM 1,25(OH)2D3 for 30 min at ambient temperature.
For supershift assays, an α-VDR antibody (C-20, Santa Cruz Biotechnology) was added and
incubation continued for 20 min. The samples were then resolved on non-denaturing gels and
subjected to autoradiography.

GST-pull down assays
VDR proteins were synthesized using the quick-coupled in vitro transcription/translation
system (Promega). For RXR binding, GST-RXR was incubated with in vitro synthesized
[35S]-labeled VDR proteins. Bound proteins were subjected to SDS-PAGE and visualized by
autoradiography as previously described [15]. For SRC-1 and DRIP205 binding, GST-SRC-1
or GST-DRIP205 was incubated with unlabeled in vitro synthesized VDR proteins. Bound
proteins were subjected to western blotting and visualized using ECL plus (Amersham).

Co-immunoprecipitation
For co-immunoprecipitation, HR and VDRs were co-expressed in COS-1 cells. Co-
immunoprecipitation was performed as previously described [24].
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RESULTS
Case History

The patient is a young black Jamaican boy who was orphaned at birth so parental consanguinity
is unknown. The child initially presented at 9 months of age with early onset severe rickets,
secondary hyperparathyroidism, hypocalcemia and hypophosphatemia, elevated alkaline
phosphatase, failure to thrive, and growth retardation. The patient exhibited hypotrichosis of
the scalp with patchy hair and normal eyelashes and eyebrows (Fig. 1). His skin and teeth were
normal. Joints were abnormal with widened, splayed wrists and a rachitic rosary. Height and
weight, which had been 90th percentile at birth, had fallen to 5th percentile. Initial lab results
were Ca 8.0, PO4 2.6, alkaline phosphatase 2990, PTH 1021 pg/mL, 25-hydroxyvitamin D
10.5 ng/mL and 1,25-dihydroxyvitamin D 138.3 pg/ml (Table 1). X-rays showed osteopenia
and classical rickets. Urine calcium and phosphate were 0.04 and 0.55 mg/gm creatinine,
respectively. Over the next 2 years the child failed to improve despite vitamin D, Rocaltrol©
(calcitriol) and oral calcium and phosphate supplements. He was hypotonic and resisted bearing
weight on his arms or legs. His milestones were all delayed. He stopped eating and eventually
was fed via a gastrostomy tube. Repeat x-rays showed multiple old fractures in addition to
classical findings of rickets. At 19 months of age it was noted that he had increased lanugo hair
on his back, forehead and sideburns. Bowing of the legs was obvious.

Intravenous (IV) calcium infusions were started at 2 years and 7 months of age and continued
nightly. He received 42 mg of elemental calcium/kg/day or 0.95 gms/m2/day. On this treatment
chemistries started to improve (Table 1) and the rickets and other signs and symptoms slowly
started to regress. Within 6 months of starting IV calcium (37 months of age), chemistries
showed substantial improvement. By 3 years and 4 months of age the excess hair on his face
and back had receded. His scalp hair remained patchy. Gradually strength and motor skills
improved, normal activity resumed and the child began to eat adequately so that the g-tube
could be removed. By 3 years and 7 months the rachitic rosary had receded and the chest cage
started to normalize. Splaying of the wrists was reduced and x-rays showed healing of the
rickets. All of his chemistries had normalized except for a residual mild elevation in PTH (Table
1). Hypotonia improved and the child resumed normal activity. By 6 years and 6 months there
was complete resolution of rickets. When IV calcium infusions were tried at every other night
instead of nightly, his PTH levels doubled within 4 weeks and he was returned to nightly
infusions. Over time growth velocity improved and there was slight catch-up growth seen. 1,25
(OH)2D3 remained elevated, presumably because high doses of Rocaltrol© (3 μg/day) were
continued. However, there was no hypercalcemia demonstrating continued resistance to
calcitriol action.

Molecular Analyses
To analyze the molecular basis or HVDRR in this patient, a skin biopsy was obtained from the
patient and used to generate cultured skin fibroblasts. We first determined whether the patient's
fibroblasts could respond to treatment with 1,25-(OH)2D3 or whether they were resistant to
1,25-(OH)2D3. We treated normal fibroblasts and the patient's fibroblasts with increasing
concentrations of 1,25-(OH)2D3 and measured the induction of the 24-hydroxylase gene
(CYP24A1). As shown in Fig. 2, while normal fibroblasts exhibited a dose-dependent rise in
1,25-(OH)2D3 induction of CYP24A1 mRNA, the patient's cells failed to induce CYP24A1
gene expression when the cells were treated with up to 1 μM 1,25-(OH)2D3 clearly
demonstrating total 1,25-(OH)2D3 resistance.

The absence of a response to 1,25-(OH)2D3 in the patients fibroblasts suggested that there may
be a defect in the VDR. To elucidate whether the molecular basis of the 1,25-(OH)2D3
resistance was due to a mutation in the VDR, we sequenced exons 2-9 of the VDR gene. A
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novel 102 bp insertion/duplication was found in exon 9 (Fig. 3A). The mutation introduced a
premature stop signal at amino acid 401 (Y401X) in helix H11. The mutation deletes 27 amino
acids from the C-terminus including all of helix H12 (Fig. 3B). Using the difference in length
created by the 102 base pair insertion in exon 9 in the patient's DNA vs. the normal size of
exon 9, we determined that the patient was homozygous for the insertion/duplication mutation
(Fig. 3C).

We next determined whether the truncated VDR was expressed in the patient's fibroblasts. As
shown in the western blot in Fig. 4, the normal VDR was detected in cell extracts from normal
fibroblasts (lane 1) while a truncated VDR was present in the patient's fibroblasts (lane 2)
consistent with the size predicted by the Y401X mutation. In contrast, a truncated form of the
VDR was not detected in fibroblasts from a patient with HVDRR due to a premature stop signal
at amino acid 295 (Y295X) (lane 3). We have previously demonstrated that the Y295X mutant
VDR is undetectable in patient's fibroblasts most likely due to nonsense-mediated decay of the
messenger RNA [28].

Since the mutation deleted a significant part of helix H11 and all of helix H12 in the VDR
LBD, we next analyzed whether the truncated VDR was capable of binding 1,25(OH)2D3.
Using [3H]1,25-(OH)2D3 binding assays, no specific binding was observed at low
concentrations of [3H]1,25-(OH)2D3 and only a trace of specific binding was observed at 1
nM [3H]1,25-(OH)2D3 (data not shown). We did not examine the binding at higher
concentrations of [3H]1,25-(OH)2D3.

To demonstrate that the mutation we described in exon 9 actually causes the 1,25-(OH)2D3
resistance, we recreated the Y401X mutation in the VDR cDNA. In transactivation assays in
COS-7 cells (Fig. 5), the WT VDR exhibits a dose-response to 1,25-(OH)2D3 in activating the
CYP24A1 promoter reporter while the Y401X mutant VDR was totally defective in
transactivation.

Based on the lesion that was discovered one might predict that the truncated VDR would retain
the ability to form a heterodimer with RXRα and to bind to DNA. As shown in GST-pull down
assays in Fig. 6A, the WT VDR bound RXRα in the absence of 1,25-(OH)2D3. Addition of
graded concentrations of 1,25-(OH)2D3 resulted in an increase in WT VDR binding to
RXRα. On the other hand, the truncated VDR bound RXRα in the absence of 1,25-(OH)2D3
similar to the WT VDR but failed to exhibit an increase in binding to RXRα in the presence
of graded concentrations of 1,25-(OH)2D3. The presence of several forms of VDR seen in Fig.
6A is most likely due to usage of different methionine start sites in the in vitro translation
reaction. As shown in gel mobility shift assays in Fig. 6B, the truncated VDR bound to the
osteopontin VDRE in the absence of 1,25-(OH)2D3 similar to the WT VDR demonstrating that
the mutant VDR retained the ability to interact with DNA. However, addition of 1,25-
(OH)2D3 only slightly increased the binding of the mutant VDR to the osteopontin VDRE
whereas the WT VDR exhibited a substantial increase in binding in the presence of 1,25-
(OH)2D3. Addition of anti-VDR antibodies that recognized the C-terminal region of the VDR
caused a supershift of the WT VDR but no shift in the mutant VDR. Only faint bands were
observed in the pSG5 vector control.

We next tested whether the truncated VDR could interact with coactivators since coactivators
bind at the AF-2 domain at the C-terminus. Since the AF-2 domain was deleted one might
predict that the coactivators would not bind. Using GST-pull down assays (Fig. 7A) we show
that the WT VDR bound the coactivators SRC-1 and DRIP205 in a ligand-dependent manner.
As expected the truncated VDR failed to bind either coactivator. We then tested another
regulatory protein, the corepressor HR, for binding to the truncated VDR. Since HR has been
shown to interact with a laboratory created truncated VDR (VDRΔ403-427) [24] one might
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predict that HR would bind to the Y401X VDR. To examine the HR interaction with VDR we
co-expressed c-myc-tagged rat HR with WT VDR or Y401X VDR and immunoprecipitated
the VDR using anti-VDR antibodies. HR was then detected in the immunoprecipitates on
western blots using anti-c-myc antibodies. As shown in Fig. 7B, using in vivo co-
immunoprecipitation assays we demonstrate that the truncated VDR interacts with HR similar
to the WT VDR.

DISCUSSION
The child described here, a young boy born in Jamaica, exhibited the classical clinical pattern
of HVDRR. He initially presented with early onset rickets, secondary hyperparathyroidism,
and hypocalcemia. He also exhibited elevated serum 1,25-(OH)2D3 levels. He exhibits
hypotrichosis or sparse and patchy hair on his scalp and has normal eyelashes and eyebrows
and therefore does not have total alopecia. We identified a novel 102 bp insertion/duplication
in exon 9 of the VDR gene. The 102 bp sequence is a duplication of the sequence that encodes
amino acids 371 to 404. Also in this 102 bp insertion there is a C to A conversion in the codon
for amino acid Y401. This conversion creates a premature stop signal (TAC to TAA). The
resulting Y401X mutation truncates 27 amino acids from the VDR and is the molecular cause
of 1,25-(OH)2D3 resistance in this patient with HVDRR.

The patient's fibroblasts expressed the truncated VDR but the cells were resistant to 1,25-
(OH)2D3 treatment as evidenced by failure of even high concentrations (1 μM) of 1,25-
(OH)2D3 to induce CYP24A1. Previous studies using a laboratory created 25 amino acid
deletion of the VDR (Δ403-427) demonstrated that the VDRΔ403-427 bound 1,25-(OH)2D3
weakly and failed to activate gene transcription [30]. However, the VDRΔ403-427 was able
to form a complex with RXR and bind to a VDRE. Similarly, the truncated VDR Y401X mutant
described here had defective 1,25-(OH)2D3 binding and was inactive in transactivation assays
but was able to heterodimerize with RXR and bind to DNA although not in a ligand-dependent
manner.

The VDR LBD is composed of 12 α-helices and 3 β-sheets forming a hydrophobic core that
is occupied by the ligand [31]. The ligand-binding pocket is formed by helixes H1, H3, H4,
H5, H7, H8, H9, H10 and H11 (Fig. 3B) [31]. When the receptor is bound to ligand, helix H12
is repositioned forming a binding site for coactivators. The premature termination signal in
helix H11 at amino acid Y401X deletes part of helix H11 including Y401 that is a contact point
for the ligand thereby greatly attenuating ligand binding [31]. The mutation also deletes all of
helix H12 resulting in the elimination of the coactivator-binding site. As expected, the truncated
VDR failed to interact with the coactivators SRC-1 and DRIP205.

Of the HVDRR patients that have been analyzed to date, alopecia has been associated with
mutations that affect DNA binding [5-7,32-34], RXR heterodimerization [11,13,35] and
mutations that create premature stop signals [8,28,35-41]. All of the previously described
premature stop mutations occurred more N-terminal to the Y401X stop mutation described
here (Fig. 3B) and disrupt DNA and/or RXR binding. These findings suggest that RXR
heterodimerization and DNA binding are essential functions of the VDR that are required to
prevent alopecia. On the other hand, alopecia is not present in HVDRR patients with mutations
in the VDR that affect ligand binding [8,12,16,17] or coactivator interactions [14]. These
findings suggest that ligand binding and coactivator interactions as well as gene transactivation
are dispensable functions of the VDR in the prevention of alopecia.

Several cases of HVDRR caused by premature stop signals have been described [8,28,
35-41]. In some cases the mutant mRNA was detected while in other cases the mutant mRNA
was not detected possibly due to a phenomenon known as nonsense-mediated RNA decay
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[28]. However, all of the previously reported cases with premature stop signals exhibited total
body alopecia. It is interesting to note that the patient in this study does not have alopecia. He
does have patchy hair distribution on the scalp and he also has normal eyebrows and eyelashes.
The truncated VDR, that we have shown is expressed in the patient's fibroblasts, apparently
retains enough function to allow for some hair growth and prevent alopecia. We have no
explanation for the transient increase in lanugo hair on the boy's back and face that eventually
regressed.

Since the truncated VDR lacks transactivation, what is the activity that allows hair growth?
The Y401X mutation severely reduces ligand binding and eliminates coactivator interactions
but retains some ability to heterodimerize with RXR, interact with the co-repressor HR and
bind to DNA. These activities may prevent alopecia. Although the mutant receptor fails to
activate gene transcription, it is apparently able to function as a repressor of gene transcription
due to its ability to interact with HR. This case strengthens the hypothesis that one function of
the unliganded VDR is to regulate a gene or set of genes involved in hair cycling by suppressing
gene transactivation by interaction with the co-repressor HR [14,22,24]. Mutations in VDR
and HR that disrupt the ability to suppress gene transactivation cause dysregulation of these
important hair cycling genes that when inappropriately expressed disrupt the normal hair
cycling process.

Recent evidence has indicated a possible mechanism for alopecia involving the Wnt signaling
pathway. Thompson's group has shown that the Wnt inhibitor Wise/Ectodin/Sosdc1 is up-
regulated in the skin of HR knockout mice [42]. Since the Wnt-signaling pathway is important
in hair cycling this suggests that dysregulation of Wise/Ectodin/Sosdc1 during the hair cycle
may inhibit Wnt signaling and provide a mechanism to prevent normal hair cycle development.

Like some HVDRR patients, VDR knockout mice also have alopecia. Chen et al [20] and Kong
et al [21] have shown that specific expression of WT VDR in keratinocytes of VDR knockout
mice can restore hair growth. Skorija et al [22] have recently shown that keratinocyte-targeted
expression of either a mutant VDR (L233S) that does not bind ligand or a mutant VDR (L417S)
that is defective in binding coactivators can restore hair growth in VDR knockout mice.
However, the mice with the L417S VDR transgene exhibited significant progressive hair loss
over time. The authors speculated that the VDR complex may require interactions with other
factors for maintaining long-term hair follicle homeostasis [22]. Whether the mechanism for
maintaining hair growth in mice is similar in humans remains to be determined. Based on the
findings in transgenic mice one might expect that the patient with the deletion of helix H12
(including residue L417) would exhibit a case of more severe hair loss. However, the patient
described here does not have alopecia. We have also previously described an E420K mutation
in helix H12 in the VDR that eliminated coactivator interactions and transactivation in an
HVDRR patient that did not have alopecia [14]. Whether the E420K mutation will have the
same affect as the L417S mutation on causing the child to develop alopecia overtime is
unknown. Unlike the mouse model, we are unaware of any cases of HVDRR that developed
alopecia later in life after having normal hair as a child. It will be interesting to see if these two
patients lose their hair as they get older.

In conclusion, we have identified a novel 102 bp insertion/duplication in the VDR gene
associated with a premature stop mutation at codon 401 that truncates the VDR as the cause
of 1,25-(OH)2D3 resistance in a patient with HVDRR without alopecia. Our findings support
the hypothesis that VDR regulates hair growth by ligand and coactivator independent
mechanisms through its interactions with RXR and HR to suppress gene transactivation.
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Figure 1.
Photograph of patient's showing sparse and patchy hair on his scalp.
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Figure 2.
The patient's fibroblasts are resistant to 1,25(OH)2D3. Fibroblasts from the patient and a normal
control were treated with 1,25(OH)2D3 for 6 hr. Induction of CYP24A1 gene expression by
1,25(OH)2D3 was analyzed by real time RT-PCR. Values were normalized to TBP expression.
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Figure 3.
A unique 102 bp insertion/duplication was identified in exon 9 that introduced a premature
stop codon truncating the VDR at amino acid 401. Panel A: Exon 9 of the VDR gene was
amplified by PCR and sequenced directly. The 102 bp insertion/duplication is shown in
boldface italics type with double lines above. The single line below the amino acid sequence
is the region that is duplicated. The boldface asterisk indicates the location of the premature
stop at amino acid 401. The un-bolded asterisk indicates the normal termination signal. Panel
B: Schematic diagram of the VDR and location of premature stop signals due to nonsense or
frameshift (fs) mutations. Panel C: Gel electrophoresis of PCR amplification products of exon
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9 from a normal control (lane 2) and the patient (lane 3). Lane 1 shows size standard. The
difference in the size of exon 9 in the patient is due to the 102 bp insertion.
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Figure 4.
The patient's fibroblasts express a truncated VDR. Cell extracts from the patient's fibroblasts
were subjected to western blotting using a VDR polyclonal antibody to the N-terminus of the
VDR. The antibody detected the WT VDR protein (424 amino acids) in normal fibroblasts and
a truncated protein (400 amino acids) in the patient's fibroblasts. No VDR protein was detected
in fibroblasts from an HVDRR patient that does not express the mutant protein due to nonsense-
mediated decay. NS, non-specific bands.
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Figure 5.
The truncated VDR is transactivation incompetent. The Y401X mutant and WT VDRs were
transfected into COS-7 cells along with the CYP24A1 promoter luciferase reporter. The cells
were treated with graded concentrations of 1,25(OH)2D3 for 24 hr and luciferase activity
determined. The mutant VDR showed no stimulation of the CYP24A1 promoter as compared
to the WT VDR that exhibited a dose-dependent stimulation of the promoter activity.
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Figure 6.
The truncated VDR binds RXRα and to VDREs. Panel A. VDRs labeled with [35S]-methionine
by in vitro coupled transcription-translation were incubated with GST-RXRα in the presence
of vehicle or graded concentrations of calcitriol. The samples were then subjected to GST-pull
down assays and SDS-PAGE. Bands were visualized by autoradiography. The autoradiograph
shows that the truncated VDR binds weakly to GST-RXRα and does not exhibit a 1,25
(OH)2D3 dependent increase in binding as exhibited by the WT VDR. Panel B. Empty vector
(pSG5) and WT and Y401X VDRs were expressed in COS-7 cells. Cell extracts were incubated
with [32P]-labeled osteopontin VDRE with and without 10 nM 1,25(OH)2D3. For supershift
assays VDR antibody was added. SS, supershift.
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Figure 7.
The mutant VDR fails to bind coactivators but interacts with the corepressor hairless. Panel
A. VDRs were synthesized by in vitro coupled transcription-translation and incubated with
GST-SRC-1 or GST-DRIP205 in the presence of vehicle or 100 nM 1,25(OH)2D3. The samples
were then subjected to GST-pull down assays. Bands were detected by western blot. No
interactions were observed between the truncated VDR and the coactivators while the WT
VDR exhibited a ligand-dependent interaction with both coactivators. Panel B. Mutant and
WT VDRs were co-expressed with myc-tagged rat HR in COS-7 cells. Cell extracts were
prepared and proteins immunoprecipitated with VDR or non-specific IgG antibodies. HR was
detected by western blot using α-c-myc antibodies. HR was immunoprecipitated by both the
WT VDR and Y401X mutant VDR demonstrating that the mutant VDR interacts with HR in
vivo. A small amount of binding was observed with the control IgG. In, input; α-VDR,
immunoprecipitating antibody; IgG, non-specific control immunoprecipitating antibody.
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