
Abstract. While nuclear cofactors that contribute to vitamin
D receptor (VDR)-mediated gene transcription, including
retinoid X receptors, nuclear co-activators and co-repressors,
have been extensively investigated, little is known about
cytoplasmic VDR-binding partners and the physiological
relevance of their interaction. To gain new insight into this
topic, we isolated whole-cell protein extracts of 1,25-
dihydroxyvitamin D3 stimulated and UV-B-irradiated vs. non-
irradiated HEK 293T cells transfected with a plasmid called
pURB VDR C-Term TAP tag. VDR complex was purified by
tandem affinity purification (TAP). The nuclear tumor-
suppressor protein p53 and its negative regulator novel
INHAT repressor (NIR), in addition to 43 other nuclear or
cytoplasmatic VDR binding partners, were identified using
nano high-performance liquid chromatography– electrospray
ionization tandem mass spectrometric analysis. VDR binding
to p53 was confirmed by western blot analysis. Future studies
are required to further elucidate the functional significance
of these interactions.

The vitamin D endocrine system is of great importance for
human health (1). The biological effects of 1,25-
dihydroxyvitamin D3 (1,25-D3), the biologically most active
natural vitamin D metabolite, are at least in part mediated
via binding to a corresponding high affinity nuclear receptor
protein, the vitamin D receptor (VDR) (1, 2). VDR belongs
to the family of nuclear transcription factors. After ligand
binding, conformational changes induce heterodimerization

of VDR with retinoid X receptor (RXR) and modulate
binding of nuclear co-receptor proteins. In general, binding
of nuclear co-activator proteins (NCoAs) is induced, while
binding of co-repressor proteins is reduced, enabling the
binding of this receptor complex to vitamin D responsive
elements in the promoter region of target genes. 

Consequently, the biological effects of vitamin D compounds
in an individual cell strongly depend upon the presence of the
ligand at sufficient concentrations and the adequate expression
of VDR, RXR and co-receptor proteins (3).

While nuclear cofactors that contribute to VDR-mediated
gene transcription, have been investigated extensively, little
is known about cytoplasmic and membrane VDR-binding
partners and the physiological relevance of their interaction.
Interestingly, binding of VDR has been shown to
endoplasmatic reticulum stress protein 57 (ERp57) that is of
importance for the photoprotective effects of vitamin D
compounds (4). To gain new insight into nuclear and
cytoplasmic interaction partners of VDR, we aimed to
isolate whole-cell protein extracts of 1,25-D3 stimulated and
UV-B-irradiated vs. non-irradiated HEK 293T cells
transfected with a plasmid called pURB VDR C Term TAP
tag and to identify VDR complexes by tandem affinity
purification (TAP) and nano high-performance liquid
chromatography–electrospray ionization tandem mass
spectrometric (HPLC-ESI-MS/MS) analysis.

Materials and Methods
Plasmids, chemicals and antibodies. pURB C Term TAP tag
plasmid was kindly provided by Roland Schüle (Department of
Urology, Central Clinical Research, University Clinic Freiburg,
Medical Faculty, Albert Ludwig University Freiburg, Freiburg,
Germany). pURB C Term TAP tag containing VDR cDNA (pURB
C Term TAP tag VDR) was generated by polymerase chain reaction
(PCR). Cloning details are available upon request.

The antibody to p53, DO-1, was purchased from Merck
(Darmstadt, Germany). 1,25-D3, protease inhibitor cocktail, AC-15
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monoclonal antibody to β-actin, anti-Flag antibody M2 and
peroxidase-conjugated secondary anti-mouse antibody were from
Sigma-Aldrich (Taufkirchen, Germany). Anti-VDR antibody 9A7
was from Abcam (Cambridge, UK).

Cell culture, transfection and treatment of cells with 1,25-D3 and UVB.
HEK 293T cells were maintained at 37˚C in an atmosphere with 7%
CO2 and cultivated in Dulbecco’s modified Eagle’s medium (PAA,
Pasching, Austria) with 10% fetal calf serum (PAA). For transient
transfection, cells were seeded to reach 60-70% confluency at day of
transfection and were transfected with jetPEI (Polyplus, Illkirch,
France) following the manufacturer’s recommendations. To gain new
insights into the potential functional relevance of VDR-binding
partners for the photoprotective activity of VDR, subpopulations of
cells were treated with 1,25-D3 at 10–7 M with/without UVB at 100
J/cm2 using a UVB lamp (Waldmann, Villingen, Germany). 

Tandem affinity purification. Tandem affinity purification was
fundamentally carried out as described (5; 6) with the following
variations. HEK 293T cells (8×107) were seeded and 24 h later
transfected with pURB C Term TAP tag VDR and pURB C Term TAP
tag respectively using JetPEI. After 20 hours, cells were treated with 100
nM 1,25-D3. Four hours after 1,25-D3 treatment, one half of the cells
were irradiated with 100 J/cm2 UVB, whereas the other half was mock-
treated. Another 4 h later, the cells were harvested and lysed by repeated
freeze-thaw cycles in buffer A (420 mM NaCl; 20 mM HEPES/KOH at
pH 7.9; 10 mM KCl; 1.5 mM MgCl2; 0.1 mM EDTA; 50 mM NaF; 0.2
mM Na3VO4; 25% glycerol; 0.1% NP-40; 0.5 mM dithiothreitol (DTT)
and protease inhibitor cocktail). TAP-tagged proteins were coupled to
IgG Sepharose™ 6 Fast Flow (GE Healthcare, Little Chalfont, UK) in
salt-adjusted buffer A (150 mM NaCl) at 4˚C overnight followed by
repeated washing. TAP-VDR-containing complexes were released with
TEV-protease (100 U; Invitrogen, Carlsbad, CA, USA) in TEV buffer
(10 mM Tris/HCl at pH 8.0; 150 mM NaCl; 0.1% NP-40; 1 mM DTT;
1 mM EDTA) at 4˚C overnight. Complexes containing TAP-tagged
VDR were bound to a calmodulin affinity resin (Agilent Technologies,
Santa Clara, CA, USA) for 4 h at 16˚C, following an overnight
incubation at 4˚C. After five washing steps of the complexes with
calmodulin-binding peptide (CBP) buffer (CBB) (10 mM Tris/HCl at
pH 8.0; 150 mM NaCl; 0.1% NP-40; 1 mM Mg-acetate; 1 mM
imidazole; 10 mM β-mercaptoethanol; 2 mM CaCl2), they were finally
eluted at 4˚C for 24 h with CBB containing 10 mM EGTA instead of
CaCl2 (called CEB). Two percent of this first eluate was saved for later
western blot analysis. In a second elution, calmodulin affinity resin was
incubated with CEB for 4 h at 4˚C. Eluates from the first and second
elution were pooled and concentrated via trichloroacetic acid (TCA)
precipitation.

TCA precipitation. Eluates were adjusted to 25% TCA with 100%
TCA and incubated on ice for 30 minutes (or overnight at –20˚C) with
periodic vortexing. After centrifugation at 16,100 × g at 4˚C for 10
minutes, pellets were washed in −20˚C acetone containing 0.05 N HCl
following a further centrifugation step (16,100 × g) at 4˚C for 5
minutes. After washing with −20˚C acetone, proteins were pelleted by
centrifugation at maximum speed for 5 min at 4˚C. Pellets were dried
at 37˚C overnight and then re-solved in 15 μl CEB.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS–
PAGE) and silver staining. Resolved proteins were mixed 1:1 in SDS-
lysis buffer (100 mM Tris-HCl (pH 6.8), 100 mM DTT, 4% SDS, and

20% glycerol) heated to 100˚C and incubated for 10 minutes at 100˚C.
The denatured eluate was size-separated by 10% SDS-PAGE and
visualized by silver gel staining using FireSilver StainingKit (Proteome
Factory AG, Berlin, Germany), according to the manufacturer’s
protocol. Silver-stained protein bands were cut out and proteins
identified by NanoHPLC-ESI-MS/MS (Proteome Factory AG).

NanoHPLC-ESI-MS/MS. Protein identification was performed by
Proteome Factory AG (Berlin, Germany). Protein spots were in-gel
digested by trypsin (Promega, Mannheim, Germany) (7) and analyzed
by nanoHPLC-ESI-MS/MS. The LC-MS system consisted of an
Agilent 1100 nanoHPLC system (Agilent, Waldbronn, Germany),
PicoTip electrospray emitter (New Objective, Woburn, MA, USA) and
an Orbitrap XL or LTQFT Ultra mass spectrometer (ThermoFisher
Scientific, Bremen, Germany). Peptides were first trapped and desalted
on an enrichment column (Zorbax 300SB-C18, 0.3×5 mm; Agilent) for
5 minutes (solvent: 2.5% acetonitrile/0.5% formic acid), then separated
on a Zorbax 300SB-C18 column (75 μm×150 mm; Agilent) using a
linear gradient from 10% to 32% B (solvent A: 5% acetonitrile in water,
with 0.1% formic acid; solvent B: acetonitrile with 0.1% formic acid).
Ions of interest were data-dependently subjected to MS/MS according
to the expected charge state distribution of peptide ions. Proteins were
identified by database search against the National Center for
Biotechnology Information (NCBI) protein database (NCBI, Bethesda,
MD, USA) using MS/MS ion search of the Mascot search engine (8).
Only peptides matches with a score of 100 or above were accepted and
are shown in Table I. The peptide score in mass spectrometry is a non-
dimensional value that shows the dimension of conformity of predicted
fragment spectrums of calculated, mass-matching peptides.

Western blot analysis. Two percent of the first TAP eluate was
mixed 1:1 in SDS-lysis buffer heated to 100˚C and incubated for 
10 min at 100˚C. The denatured proteins were subjected to 10%
SDS-PAGE and transferred to a polyvinylidene difluoride
membrane (Immobilon-P; Merck Millipore, Burlington, MA, USA).
Signals were detected upon overnight incubation of the membrane
with the p53 antibody DO-1 (1:2,000), followed by a final
incubation with a peroxidase-conjugated secondary anti-mouse
(1:2,000) antibody, and detected by Thermo Scientific ECL Western
Blotting substrate (Thermo Scientific, Rockford, IL, USA) as
specified by the supplier.

Results and Discussion

It was the aim of this pilot study to gain new insights into the
molecular mechanisms that mediate vitamin D signaling by
identifying new VDR-binding partners. Because standard
techniques to detect VDR interaction partners are characterized
by limitations that include low VDR protein expression and
cross-reactivity of VDR antibodies with other proteins, we have
established a new approach, using TAP (5) and nano-HPLC-ESI-
MS/MS (9) for the first time to identify new VDR-binding
partners in whole-cell extracts of 1,25-D3-treated/UVB-irradiated
versus 1,25-D3-treated/non-irradiated HEK 293T cells.

Since we were particularly interested in the
photoprotective role of VDR, we intended to identify
nuclear, cytoplasmic and mitochondrial VDR-binding
partners in 1,25-D3-treated/UVB-irradiated/non-irradiated
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HEK 293T cells. Figure 1 shows the scheme of the TAP
strategy, which, in combination with nanoHPLC-ESI-
MS/MS, enables the identification of proteins associating
with a given target under native conditions, in our case VDR.

Transfection of HEK 293T cells with a pURB C Term TAP
tag vector in which VDR cDNA was inserted and which
contained a fusion cassette encoding CBP, a Tobacco Etch
Virus (TEV) cleavage site, as well as protein A of
Staphylococcus aureus (Figure 2) resulted in strong expression
of TAP-tagged VDR (lane 1 Figure 3a). Figure 3a shows our
step-by-step analysis of the eluates of the TAP-VDR
purification. Whole cell extract (lane 1 Figure 3a) and a
fraction of each eluate was subjected to SDS-PAGE, followed
by detection of TAP-VDR by western blot using VDR antibody
(9A7). The successfully TAP-isolated and TCA-concentrated
eluates (lane 5, Figure 3a) were utilized for size separation by
SDS-PAGE, followed by silver staining to visualize the bands
which represented VDR-associated proteins (Figure 3b). 

Protein spots were cut out and submitted to nanoHPLC-
ESI-MS/MS. TAP-VDR-associated proteins were identified
by search against the NCBI protein database. Only peptide
matches with a score of 100 or above were accepted and are
shown in Table I. The MS analysis revealed (direct or
indirect) binding of VDR to at least 45 nuclear,
mitochondrial or cytoplasmic proteins (Table I).

While nuclear cofactors that contribute to VDR-mediated
gene transcription, including RXRs, NCoAs and co-
repressors, have been investigated extensively, little is known
about cytoplasmic or mitochondrial VDR-binding partners
and the physiological relevance of these interactions.
Interestingly, in this pilot study, we were able to identify new
potential nuclear [e.g. p53, novel INHAT repressor (NIR)],
cytoplasmic (e.g. tubulin β chain, vimentin), mitochondrial
(e.g. heat-shock protein 60 (HSP60), mitochondrial
ribosomal protein S27 (MRPS27), ADP/ATP translocase 2
and 3) and ribosomal (40S ribosomal protein S2, S6, L7)
VDR-interacting proteins, indicating that VDR may exert,
beside its well-known function as a nuclear transcription
factor, other important biological mechanisms that include
effects on cytoplasmic, mitochondrial and ribosomal cell
compartments.

Interestingly, our nanoHPLC-ESI-MS/MS analysis
identified several nuclear VDR-binding proteins whose main
function is related to regulation of gene transcription (e.g.
mediator of RNA polymerase II, general transcription factor
IIF, NIR), DNA repair (e.g. double-strand break repair
protein MRE11A, ruvB-like 2) and cell fate decision (e.g.
p53, NIR). 

Using nanoHPLC-ESI-MS/MS, we detected an association
between VDR and the tumor-suppressor protein p53 in both
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Table I. Identification of 45 nuclear or cytoplasmic vitamin D receptor (VDR)-binding proteins in 1,25-dihydroxyvitamin D3 (1,25-D3)-treated HEK
293T cells (mass spectrometry, score of 100 or above).

                                                                               Proteins detected in:

UV-B-treated samples                                           Mock-treated samples (no UV-B)                                     UV-B and mock-treated samples:

60 kDa Heat-shock protein                                   40S Ribosomal protein S2                                                 28S Ribosomal protein S22
Alpha-tubulin                                                         40S Ribosomal protein S3a                                               40S Ribosomal protein S3
Elongation factor 1-alpha 1                                  40S Ribosomal protein S6                                                 40S Ribosomal protein S4
F-Actin-capping protein                                        60S Ribosomal protein L3                                                40S Ribosomal protein SA
General transcription factor IIF                            60S Ribosomal protein L7                                                60S Acidic ribosomal protein P0
Hornerin                                                                 Brain myo-inositol monophosphatase A2b                       60S Ribosomal protein L5
Mediator of RNA polymerase II                          Double-strand break repair protein MRE11A                  ADP/ATP translocase 2
Nuclease-sensitive element-binding protein 1     Immunoglobulin gamma heavy chain variable region     ADP/ATP translocase 3
Protein DEK                                                          Immunoglobulin lambda light chain variable region       Cellular tumor antigen p53
Serum albumin preprotein                                    Interleukin-17 receptor C                                                  Coatomer subunit alpha
Transcription elongation factor SPT5                  MRPS27 protein                                                                 ELAV-like protein 1
U2 Small nuclear ribonucleoprotein A                RNA polymerase-associated protein RTF1                      Heterogeneous nuclear ribonucleoproteins 
                                                                               ruvB-like 2                                                                         C1/C2
                                                                                                                                                                           Myosin light chain kinase 2
                                                                                                                                                                           Nucleolar complex protein 2
                                                                                                                                                                           Nucleolin
                                                                                                                                                                           Nucleophosmin
                                                                                                                                                                           Polyadenylate-binding protein 1
                                                                                                                                                                           Serine/arginine-rich splicing factor 1
                                                                                                                                                                           Tubulin beta chain
                                                                                                                                                                           Vimentin



UVB-irradiated and non-irradiated cells (Table I). The
interaction of VDR and p53 was confirmed in western blot
analysis of TAP-isolated and TCA-concentrated eluate (lane
5 Figure 3a) using an antibody directed against p53 (lane 1
and 2, Figure 4). In HEK 293T cells transfected with the
empty control vector pURB C Term TAP tag, no p53 was
precipitated (lane 3 and 4, Figure 4), indicating specific
binding of VDR and p53. It can be speculated whether both
proteins bind directly to each other or whether a third protein
is involved which bridges both transcription factors. HEK
293T cells have been shown to contain wild-type p53 protein
(10), a key regulator of cell fate decisions including cell-cycle
arrest and apoptosis. This central stress response protein is
activated by numerous endogenous and environmental
stressors, including UV radiation. In skin, p53 is essential for
protection against UV-induced DNA damage, and loss of its
function promotes UV-induced skin tumorigenesis (11-13). It
has been shown that UV radiation blocks gene transcription
and induces nucleolar disruption, which in turn results in p53
accumulation. If the stalling of the transcription machinery
persists, p53 protein accumulates further and cell-cycle arrest
or apoptosis are induced. Interestingly, both VDR and p53
have been described as tumor suppressors in skin (14, 15).
Activity of both, p53 and VDR, is influenced by
modifications, localization, and protein–protein interactions
that modulate transcription of genes. Our finding of VDR
binding to p53 further lends credence to our suggestion of a
crosstalk between these signaling pathways. Remarkably,
interaction of VDR with mutated p53 protein, and the
relevance of this finding for carcinogenesis have been
reported previously. Stambolsky and co-workers showed that
mutant p53 (mutation in sequence specific DNA-binding
domain at position 175) interacts functionally and physically
with VDR. They showed that mutant p53 is recruited to
VDR-responsive genes and modifies their expression
(overexpression or repression of some genes). Moreover,
mutant p53 is able to convert 1,25-D3 from a pro- to an anti-
apoptotic agent (16). Whether VDR and wild-type p53
influence each other concerning their capability to
transactivate gene transcription and to what extent the ligand
1,25-D3 interferes with this association are interesting
questions that need to be addressed in further experiments.
Considering the high physiological relevance of wild-type
p53 as major barrier to cancer progression, our new finding
will encourage future studies to elucidate the significance of
the association of both proteins. 

Remarkably, our study identified new nuclear VDR-
binding partners that control p53-mediated biological effects,
including the novel inhibitor of histone acetyl transferases
(INHAT) repressor NIR, which modulates the transcriptional
activity of p53 and of its relative p63 (6, 17, 18) as well as
nuclease-sensitive element-binding protein 1 (19), ELAV-like
protein 1 (20-22) and nucleophosmin (23). 
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Figure 1. Scheme of the tandem affinity purification (TAP) strategy. a:
Fusion protein, consisting of vitamin D receptor (VDR), calmodulin-
binding peptide, Tobacco Etch Virus (TEV) protease cleavage site and
protein A, and associated proteins. b: VDR and interacting components
are recovered from cell extracts by first affinity column on an IgG
matrix. After several washing steps to remove unbound contaminants,
complexes were incubated with TEV protease to release the bound
material. c: In a second affinity step, calmodulin-coated beads are
added to the eluate to remove the TEV protease and further
contaminants. d: Bound complexes were released in the presence of
EGTA after washing several times.



Our MS data that indicate VDR binding to nuclear located
mediator of RNA polymerase II (Table I) are in line with the
results of Rachez and coworkers. They showed that
immobilized glutathione-S-transferase (GST)-VDR,
incubated with nuclear extracts of human Burkitt lymphoma
cell line Namalwa, stably interact with subunits of the
mediator of RNA-polymerase II complex in the presence of
1,25-D3 (24). The recruitment of the mediator of RNA-
polymerase II complex by ligand-binding to VDR has been
shown to enhance the transcription of target genes. 

Unexpectedly, we did not identify several well-known
nuclear VDR-binding partners, including RXR (25). One
reason could be that the introduction of the TAP-tag complex
to the C-terminal end of the VDR protein may have
prevented binding of RXR and other classical VDR partners
to this nuclear receptor. 

As published previously, the 427 amino acid VDR has
various characteristics, with the two major functional units

being the N-terminal zinc finger DNA binding domain, and
the C-terminal ligand binding domain domains (26). The X-
ray crystallographic structure of the VDR including its ligand
binding domain has been characterized before (27) with the
12 α-helical sandwich-like structure containing VDR
subunits for heterodimerization with RXR (helices H7, H9
and H10. etc.), as well as for transactivation via binding of
NCoAs. It has been reported that VDR-NCoAs interfaces
correspond to helices H3 and H12 (the latter representing the
activation function-2 domain), and an area immediately N-
terminal of the zinc fingers (residues 18-22). Binding of
human VDR to basal transcription factors such as
transcription factor II B (TFIIB) (near the N-terminus of
VDR), as well as with transcriptional corepressors such as
the hairless (Hr) gene product, which associates with the
VDR hinge and H3, have also been shown before (26). 

Recently, we had presented data suggesting that VDR
interacts specifically and functionally with Mouse double
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Figure 2. Plasmid pURB C Term TAP-tag containing a fusion cassette encoding calmodulin-binding peptide (CBP), a Tobacco Etch Virus (TEV)
cleavage site as well as protein A of Staphylococcus aureus (ProtA) used for the tandem affinity purification (TAP); vitamin D receptor (VDR)
cDNA was generated by polymerase chain reaction and subcloned into this vector to identify VDR-interacting proteins. amp r: Ampicillin resistance;
CMV: cytomegalovirus; Poly A-site: polyadenylation site; ori: origin of replication.



minute 2 homolog (MDM2) (28). However, we were not
able to detect this interaction by TAP following nano-HPLC-
ESI-MS/MS. This may be the result of MDM2 being
expressed in only very small quantities in HEK 293T cells.
Moreover, the introduction of the TAP construct to the C-
terminal of VDR may have masked the binding site for
MDM2. We recently showed that MDM2 is primarily in
contact with VDR via its center and C-terminus (28).

A further interesting result of this pilot study was the
identification of several VDR-binding proteins exclusively
in UV-B-treated compared to untreated HEK 293T cells, e.g.
mediator of RNA polymerase II, nuclease-sensitive element
binding protein 1 and mitochondrially located HSP60 (Table
I). These findings suggest a contribution of VDR to the
cellular stress response that involves the mitochondria, and
a putative cross-talk between vitamin D and heat-shock
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Figure 3. Vitamin D receptor (VDR) enrichment and visualization of VDR-interacting proteins. a: Step-by-step analysis of the tandem affinity
purification (TAP)-VDR purification using TAP. HEK 293T cells were transfected with pURB C Term TAP tag VDR-containing cDNA or pURB C
Term TAP tag as control (data not shown). Twenty hours after transfection, HEK 293T cells were incubated with 100 nM 1,25-dihydroxyvitamin D3
(1,25-D3) following irradiation of 100 J/cm2 UVB or mock irradiation (no UVB). After 4 hours, HEK 293T cells were harvested and TAP-VDR was
purified with the TAP strategy. A fraction of each eluate of the several steps of the TAP procedure was collected and subjected to sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), followed by western blot analysis with antibody directed against VDR (9A7). WCE: Whole
cell extract. b: Visualization of VDR-interacting proteins via silver staining. TAP-isolated and trichloroacetic acid (TCA)-concentrated extracts
from 1,25-D3-treated and UVB-irradiated/non-irradiated HEK 293T cells were size-separated via SDS-PAGE. VDR-interacting proteins were
visualized using FireSilver StainingKit (Proteome Factory AG). Arrows indicate protein bands which were cut out and subsequently analyzed by
nano high-performance liquid chromatography–electrospray ionization tandem mass spectrometric analysis.



signaling pathways. HSP60 is involved in the prevention of
heat-induced protein damage and the transportation and
refolding of cellular proteins from the cytoplasm into the
mitochondrial matrix (29; 30). Additionally, studies have
indicated a role of HSP60 in several disorders where the
relevance of the vitamin D endocrine system has been
discussed, including stress response, diabetes, cancer and
certain types of immunological disorders (30-33). It can be
speculated that HSP60 may be involved in the putative
transportation of VDR from cytoplasm to mitochondrial
matrix. However, the association between HSP60 and VDR
needs to be confirmed by western blot analysis. 

In addition to HSP60, several different types of
mitochondrial proteins were also identified as VDR-binding
partners, including ADP/ATP translocase 2 and 3, which both
catalyze the exchange of cytoplasmic ADP with mitochondrial
ATP across the mitochondrial inner membrane, as well as
mitochondrial ribosomal protein MRPS27, which is involved
in mitochondrial translation. The biological relevance of these
associations is currently unknown and should be investigated
in further studies. 

Our findings link VDR to ribosomes (Table I), the
organelles that catalyze protein synthesis. In general, they
contain a small 40S subunit and a large 60S subunit which, in
total, consist of four RNA species and approximately 80
structurally distinct proteins. The MS analysis revealed that
VDR binds to the ribosomal proteins S2, S3, S4, S6, S22, L3,

L5 and L7 among others. The interaction of VDR with
ribosomal protein L7, which is a component of the ribosomal
60S subunit, has been previously been shown. L7, which is
located in the cytoplasm, specifically associates with VDR in
the presence of vitamin D and is a co-regulator of VDR-RXR-
mediated transactivation of genes modifying transcriptional
activity by interrupting binding of the receptors to genomic
enhancer elements (34). The molecular biological evidence of
these interactions remains to be provided.

Although we did not detect several classical VDR-binding
partners, including RXR, we conclude that our approach
represents a promising tool for identifying VDR-interacting
proteins. However, the physiological relevance of our findings
needs to be investigated in future experiments. Besides other
limitations, our method is unable to discriminate whether
identified proteins are bound to VDR directly or via other
bridging proteins. Moreover, we cannot exclude that we may
have overlooked other important VDR-binding partners.
However, this should not question the relevance of the VDR
interaction partners that we have identified.

Considering the high physiological relevance of p53 and
other proteins that we identified as new VDR-binding
partners, our findings may point to previously unidentified
functions and regulations of VDR that deserve systematic
analysis in future studies.
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