
23 May 2023

AperTO - Archivio Istituzionale Open Access dell'Università di Torino

Original Citation:

Platelet vitamin D receptor is reduced in osteoporotic patients.

Terms of use:

Open Access

(Article begins on next page)

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

Availability:

This is the author's manuscript

This version is available http://hdl.handle.net/2318/121424 since 2016-10-03T10:01:41Z



 

 

 

 

This is an author version of the contribution published on: 

Questa è la versione dell’autore dell’opera: 

Platelet vitamin D receptor is reduced in osteoporotic patients. 

P D’Amelio; MA Cristofaro; E De Vivo; M Ravazzoli; E Grosso; S Di Bella; M Aime; N 

Cotto; F Silvagno; GC Isaia; GP Pescarmona. 

 

Panminerva Med. 2012 Sep;54(3):225-31. 



Platelet vitamin D receptor is reduced in osteoporotic patients. 

Patrizia D’Amelio1, Maria Angela Cristofaro1, Enrico De Vivo2, Marco Ravazzoli1, Elena 

Grosso3, Stefania Di Bella1, Marco Aime4, Nadia Cotto4, Francesca Silvagno2, Giovanni Carlo 

Isaia1, Gian Piero Pescarmona2.  

1 
Department of Surgical and Medical Disciplines-Section of Gerontology-University of Torino-Italy 

2 
Center for Experimental Research and Medical Studies (CERMS)- San Giovanni Battista Hospital, Torino - Italy  

3 
Department of Orthopaedics, Traumatology - CTO-CRF-ICORMA Hospitals- Torino-Italy 

4
SC Occupational Medicine- San Giovanni Battista Hospital, Torino - Italy  

Running title: Osteoporosis and Vitamin D receptor. 

Corresponding author: Patrizia D’Amelio MD, PhD,  

Department of Surgical and Medical Disciplines-Section of Gerontology-University of Torino-

Italy, Corso Bramante 88/90, 10126 Torino – Italy. 

Tel +390116334309 

Fax +390116634751 

E-mail: patrizia.damelio@unito.it 

Acknowledgments 

The authors thank Dr M. Coen, Dr A. Spigo, Dr. R. Talamo and P. Clerico for participating in 

the recruitment of the subjects. 

Founding sources: this work was supported by a grant “Ricerca sanitaria finalizzata” of the 

Regione Piemonte and a grant from the Fondazione Internazionale Ricerche Medicina 

Sperimentale (FIRMS) Compagnia San Paolo. 

mailto:patrizia.damelio@unito.it


ABSTRACT 

Aim. It is well known that vitamin D plays an important role in maintaining bone homeostasis 

and in regulating calcium absorption. The active form of vitamin D interacts with its receptor 

the VDR that is expressed in multiple tissues and it is involved in platelets (PLTs) function. 

In the present study we evaluate PLTs’ VDR expression in osteoporotic as opposed to 

healthy subjects.  

Methods: We enrolled in the study 77 women with postmenopausal osteoporosis, 33 healthy 

women of childbearing age, 49 healthy men, and 11 healthy women matched with patients for 

age and postmenopausal period. Thirty-nine patients had had one femoral fracture occurred 

after the age of fifty and attributable to primary osteoporosis.  

Bone mineral density, markers of bone metabolism and VDR levels were measured in all the 

subjects.  

Results: Our data show that VDR level is lower in patients as respect to controls and is 

positively correlated with bone density, but not with markers of bone metabolism. We also 

found a decrease in the phosphorus levels in patients without differences in vitamin D levels 

and in the dietary calcium intake. 

Conclusion: The lower VDR expression in osteoporotic could indicate a lower ability to 

respond to vitamin D, and could be the explanation of the increase in the PTH and decrease 

in the phosphorus levels in patients with respect to controls. 
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INTRODUCTION 

Interaction of the active form of vitamin D (1,25(OH)2D3) with its steroid hormone nuclear 

receptor (VDR) regulates the transcription of various genes. Several findings suggest that 

rapid responses to the action of vitamin D are mediated by a VDR located in the cytosol near 

the plasma membrane or attached to the caveolae (1, 2). Vitamin D enhances plasma 

calcium by absorbing intestinal calcium and increasing its renal tubular reabsorption and the 

release of calcium salts from bones (3) in synergy with parathyroid hormone (PTH), whose 

synthesis it down-regulates (4). The VDR is expressed in various types of cell, and the 

biological response to 1,25(OH)2D3 depends on its quantity (5, 6). Regulation of its synthesis 

is thus of crucial importance in regulating the response to the hormone. 1,25(OH)2D3 levels 

stimulate VDR synthesis in the kidneys and parathyroids, but have little effect on its intestinal 

levels (7, 8). Blood calcium and PTH levels also influence VDR. Hypocalcemia drastically 

reduces its levels (9, 10) and induces resistance to the action of vitamin D in the course of 

renal insufficiency (11). The molecular trigger responsible for this effect is not known. The 

effect of PTH on VDR expression is the subject of conflicting findings. Work with mice 

knocked out for the 25-hydroxyvitamin D3-1-hydroxylase gene, however, has shown that PTH 

down-regulates VDR irrespective of its action on 1,25(OH)2D3 (7). One of Vitamin D best 

known effects is regulation of phosphorus, calcium and bone mineralization. Lack of vitamin 

D, in fact, alters mineral metabolism and induces a loss of bone mass (12), while the 

establishment of muscle weakness and proprioception disturbances increases the risk of falls 

and fractures (13). Vitamin D supplementation reduces the number of hip and non-vertebral 

fractures in the elderly, while its direct improvement of neuromuscular function helps to 

prevent falls and fractures (14, 15). 

The gene coding for the VDR has long been investigated as a candidate for the genetic 



component of osteoporosis. Even so, no clear indication of the role of gene polymorphisms in 

the aetiology of this disease has emerged so far (16-19). 

It has been demonstrated that megakaryoblastic/megacariocitic VDR is involved in the 

regulation of platelets (PLT) function (20, 21); more recently we suggested that VDR status 

measured in PLT differs significantly between healthy and pathological groups, increasing 

with malignancy, and there is a trend towards longer overall survival for tumors showing 

higher VDR levels (22).  

The aim of the present study is to investigate whether VDR expressed by human PLTs is 

correlated with bone metabolism and density. 

MATERIAL AND METHODS 

Subjects 

Differences in VDR expression related to gender, presence of estrogens and bone status 

were assessed in 33 healthy women of childbearing age, 49 healthy men, 77 women with 

postmenopausal osteoporosis (39 patients had had one femoral fracture occurred after the 

age of fifty) and 11 healthy women matched with these patients for age and postmenopausal 

period. 

Subjects taking calcium and vitamin D, thyroid hormones, corticosteroids, estrogens, 

bisphosphonates, strontium ranelate, PTH and raloxifene were excluded. 

Osteoporosis was determined according to the WHO criteria (23).  

The study was approved by the human study review board of the Hospital San Giovanni 

Battista of Torino, and all the subjects signed an informed consent statement prior to their 

recruitment.  

Bone mineral density (BMD) was measured in all the 49 postmenopausal women without 

fractures by Double Emission X-ray Absorptiometry (DXA) with a Hologic QDR 4500 (Hologic 



Inc.). The 39 patients with fragility fractures were classed as osteoporotic without 

determination of their BMD according to Kanis et al (23). Secondary osteoporosis was ruled 

out in the light of the anamnesis, physical examination and routine blood chemistry. In 

osteoporotic patients and in postmenopausal controls the following parameters were 

assessed: serum levels of blood calcium and phosphorus, bone alkaline phosphatase (BAP), 

25-hydroxyvitamin D and serum levels PTH.  

Blood was drawn from an antecubital vein after an overnight fast of 10 or more hours and all 

the measurements were done from a single blood sample at a single time point per patient. 

Dietary calcium intake was evaluated with a previously validated semi quantitative weekly 

Food Frequency Questionnaire (FFQ) (24).   

In all the subjects 10 mL of blood were collected in citrate for the PLT extraction. 

Platelets extraction. 

To ensure the highest PLT yield (platlet-rich plasma: PRP), blood was centrifuged at 200 g for 

30'. The PRP was then harvested and centrifuged at 200 g for 15'. The supernatant was 

centrifuged at 1400 g for 10'. The pellet was suspended in the washing solution and 

centrifuged at 1400 g for 10' (22). 

To rule out the possibility that the band corresponding to VDR in the PRP was due to 

contamination on the part of the VDR expressed by peripheral blood mononuclear cells 

(PBMC), as previously described (25), we analysed the band formed by PBMC and PRP in 

three healthy subjects using both a hot and a cold lysate. PBMC were obtained by means of 

the Ficoll-Paque method from 40 ml blood from these subjects in lithium heparin as previously 

described (26). Hot lyses was carried out with sample buffer (10% SDS, 0.6 M Tris-HCl, 

glycerol and 1% protease inhibitor; Calbiochem) and boiled for 5 min. The cold lysis was 

carried out with 1% Triton and 1% protease inhibitor. The pellet was then sonicated. The band 



corresponding to VDR was visible in the PRP and the PBMC with the cold preparation, 

whereas the VDR relating to the PBMC was no longer visible with the hot preparation (Fig. 1). 

Hot lysis was therefore employed for the protocol.  

VDR assay 

The PRP hot-lysed as just described was stored at -80°C for the subsequent determination of 

VDR by Western blot analysis. 

50 g of PRP lysate were loaded onto each lane, and proteins were resolved by 10% SDS-

PAGE. 

The separated proteins were transferred onto Immobilon-P membranes (Millipore Corp.) by 

electroblotting overnight. Blocking was accomplished using Tris-buffered saline and Tween 20 

(2.5% TBST; 2.0 m Tris-HCl, pH 7.5; 5 m NaCl; and 0.05% Tween 20) with 5% non-fat milk 

powder for 2 h. Membranes were then incubated in the presence of rabbit anti-human VDR 

polyclonal antibody (Santa Cruz Biotechnology) at 1:200 dilution and 5% milk powder for 60 

min. The membranes were washed and incubated in secondary antibody, Goat anti Rabbit 

IgG-horseradish peroxidase (Pierce), at 1:4000 in 5% milk powder for 60 min. The 

membranes were then washed, and the intensity of the bands was enhanced using 

chemiluminescence mediated by horseradish peroxidase catalysis of luminol (Amersham) 

followed by exposure to Kodak Biomax-Ml film (Eastman Kodak Co.). PRP protein 

concentration was determined by spectrophotometric method (Bio-Rad). VDR concentration 

was expressed as femtomoles of VDR per 50 g of PRP protein. The VDR bands were 

quantified using scanning laser densitometry. 

Characterization of the VDR assay 

Standard recombinant human (rh)VDR identified a 48,000 Da band (27), western blots of 

serial dilutions of PLT protein (PLT isolated from a normal volunteer) revealed dominant 



bands of VDR at 48,000 with intensities that were linear over the range from 10-200 mcg PLT 

protein (Fig. 2). Thus, the primary antibody recognized PLT VDR in a linear fashion over the 

protein range studied. The characteristics of the primary antibody and the expression of VDR 

level as 50 micrograms of PLT protein excluded variation in PLT count as a contributor to any 

variation in VDR level. 

Three rhVDR standards 3, 8 and 20 fMol were run on each gel to create a standard curve for 

each assay against which the subject samples were compared.  

A standard curve was constructed from ten concentrations of rhVDR (Calbiochem, San 

Diego, CA). The standard curve was repeated 4 times to calculate the inter-assay CV (6%). 

The intra-assay CV (1.5%) was calculated by running two samples 3 times.  

The excellent across and within-assay reproducibility of the VDR analyses both within and 

across assays indicated that loading and blotting and transfer efficiencies varied within an 

acceptable range.  

Statistics 

The data were processed with the SPSS 14.0 for Windows software package, with p<0.05 as 

the significance cut-off. One-way ANOVA was used to compare patients and controls for 

menopausal period, BMI, bone metabolism markers, 25OH Vitamin D, calcium intake and 

VDR levels. The post hoc Bonferroni test was used to bring out differences between groups. 

To evaluate correlations between VDR and bone metabolism we used partial correlation after 

correction for age, postmenopausal period, BMD, PTH, 25OH Vitamin D levels and BMI. To 

quantify the relation between VDR and BMD, we used the linear regression model with the 

stepwise method. 



RESULTS 

Subjects      

The patients and the postmenopausal controls were comparable in terms of the common 

osteoporosis risk factors (age, period of menopause, BMI and dietary calcium intake). The 

patients displayed significantly reduced blood phosphorus values and a non-significant PTH 

increase, though these parameters remained within the normal ranges. There was no 

significant difference between the plasma vitamin D levels (Table 1).  

PLT VDR expression is lower in the osteoporotic than in the controls. 

VDR levels are reduced in patients affected by postmenopausal osteoporosis as respect to 

healthy postmenopausal controls; in particular osteoporotic patients with femoral fractures 

display fewer VDR than those without. In order to evaluate possible differences in VDR 

expression due to gender and to menopausal status we enrolled in the study also male and 

healthy women in childbearing age: our data show that VDR levels appears not to be 

influenced by gender, but are greater in postmenopausal controls as respect to healthy 

women in childbearing age. These data suggest that lower VDR is associated with a more 

severe form of osteoporosis, that gender does not influence VDR expression, while estrogen 

deficiency up-regulates VDR expression in normal subjects and that this up-regulation does 

not occur in osteoporotic patients (Fig. 3).  

VDR predicts BMD variations. 

VDR is directly correlated with lumbar (r=0.4, p=0.04) and femoral (r=0.52, p=0.009) BMD, 

even after correction for age, time since menopause, PTH, 25OHvitamin D and BMI, these 

being regarded as confounding variables. There are no significant correlations between VDR, 

age and bone metabolism parameters after correction for BMD.  

In order to deeply investigate the relation between VDR and BMD a linear regression model 



was build up, this analysis confirms that VDR could predict 65% of the BMD variation, 

independently of age, period of menopause, BMI and the calcium and phosphorus 

metabolism parameters (blood calcium, 25OH vitamin D and PTH) (Table 2).  

DISCUSSION 

Postmenopausal osteoporosis is a skeletal disorder characterised by progressive bone loss, 

with alteration of the bone structure and hence a weaker resistance to fracture. Its 

multifactorial pathogenesis involves both risk factors associated with lifestyle habits, and 

hence modifiable, and unmodifiable risk factors such as age or genetic predisposition. Many 

genes, including the VDR gene (17, 28, 29) have been identified as important in the 

pathogenesis of osteoporosis. Other studies (18, 19) have denied the role of VDR 

polymorphisms in the determination of bone mass. The literature data on the role of VDR 

polymorphisms in promoting the onset of osteoporosis are far from concordant. Despite the 

data that connect the VDR genotype to bone metabolism and demineralisation, there have 

been no studies of the phenotypic expression of VDR in osteoporotic subjects compared with 

controls with normal plasma vitamin D levels, this point is crucial for the biological response to 

1,25(OH)2D3 (5, 6). For this reason, the aim of our study was to correlate the phenotypical 

expression of VDR with BMD, fractures due to osteoporosis and bone metabolism after 

correction for the confounding factors that could influence VDR expression, such as calcium, 

PTH and 25OHvitamin D levels (30). These factors could be the biases that mask the 

influence of VDR gene polymorphisms on bone mass. 

We decided to measure the 25OH vitamin D level because it is believed to reflect both the 

dietary intake and the cutaneous synthesis of vitamin D (31). Looker & Mussolino (32) have 

postulated a direct link between 25 OH vitamin D levels and the risk of femoral fracture. The 

direct effect of PTH on VDR expression is more controversial. Recent findings in the mouse 



indicate that it is a potent down-regulator of VDR expression in vivo (7), irrespective of the 

regulation of the levels of hydroxylated vitamin D. 

We decided to measure PLT VDR because VDR seems to be involved in the control of 

platelet aggregation in the mouse (33) and in humans (21), furthermore a difference in PLT 

expression of VDR was found between patients with and without ovarian cancer (22).  

PLT evaluation is simpler and less costly than that of PBMC, and could thus be employed in 

clinical practice. 

Here we shown that VDR expressed in PLT varies according to the BMD: in particular VDR is 

lower in osteoporotic women with respect to controls even with equal vitamin D levels. This 

datum is reinforced by the direct correlation between VDR and BMD even after correction for 

the confounding variables. We didn’t observe any correlation between VDR and calcemia, 

phosphoremia and PTH in agreement with Favus et al (25).  

Healthy postmenopausal women had an higher level of VDR with respect to pre-menopausal 

and male controls, this findings apparently disagree with the data by Gonzales Pardo et al 

(34) which suggested that VDR levels is lower in elderly subjects; to interpret this difference is 

important to consider that Gonzales Pardo and coll. studied a different model (rat enterocytes) 

and they didn’t look at the bone metabolism, so the comparison with our study is slightly 

difficult.  

The lower VDR expression indicate a lower ability to react at circulating vitamin D (5, 6), and 

could be the explanation of the increase in the PTH and decrease in the phosphorus levels in 

patients with respect to controls without difference in circulating vitamin D levels and in the 

dietary calcium intake. It is an authors’ opinion that osteoporotic subjects can develop a mild 

secondary hyperparathyroidism even in presence of adequate vitamin D levels becoming 



resistant to its action, further studies are needed to clarify this possible mechanism of bone 

loss. 
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TABLES 

Table 1. Baseline characteristics of patients and postmenopausal controls, p values were 

calculated by one-way ANOVA, the variables are expressed as means ± SE. 

 

 Osteoporotic 

without 

fractures 

(38) 

Osteoporotic 

with fractures 

(39) 

Postmenopausal 

controls 

(11) 

p 

Age (yrs) 62±1 64±4 58±2 NS 

Postmenopausal 

period (yrs) 

11±1 10±1 9±2 NS 

BMI 23.3±0.4 24.7±1.4 23.4±0.8 NS 

Calcium (mEq/L) 4.71±0.3 4.72±0.01 4.53±0.2 NS 

Phosphorus (mMol/L) 1.16±0.2 1.13±0.11 1.441±0.3 0.001 

PTH (pg/mL) 27.1±2.2 27.98±8.37 20.3±2.9 NS 

25OHvitamin D (ng/mL) 24.3±2.6 22.13±4.7 25±2.3 NS 

Bone alkaline 

phosphatase 

(UI/L) 

15.01±1.1 15.25±1.9 9.9±1.5 0.033 

Calcium intake 

(mg/week) 

6037.5±612.3 6088.0±2567 70.52.5±723.8 NS 

 



Table 2. Factors predictive of bone density according to the stepwise linear regression 

models for VDR, BMI, age, postmenopausal period, calcium, phosphorus and PTH as 

independent variables and bone mineral density (BMD) as dependent variables. The R2 was 

0.653. 

 

BMD Standardized B T P 

VDR 0.65 2.7 0.021 

Age -0.22 -0.87 NS 

Postmenopausal period -0.29 -1.24 NS 

BMI 0.31 1.18 NS 

Blood calcium 0.31 1.32 NS 

Blood phosphorus 0.44 2.11 NS 

PTH -1.46 -0.56 NS 

25OH vitamin D -0.24 -0.99 NS 

 

 



FIGURES. 

Figure 1. VDR expression in platelets and PBMCs. The images show the detection of the 

VDR by Western blot in platelets and PBMCs loaded in growing doses (from 50 to 100 g of 

proteins) of the same subject extracted with hot lyses (A) or cold lyses (B). The VDR band 

runs at 48 kDa. Lanes 1-3-5-7 platelets, lanes 2-4-6-8 PBMCs. 

 



Figure 2. VDR expression in platelets. The image shows the detection of the VDR and actin 

by Western blot in platelets loaded in growing doses (from 10 to 200 g of proteins extracted 

with hot lyses) of the same subject, the expression of VDR is linear over the range 

considered. The VDR band runs at 48 kDa, while actin at 40 KDa. 

 



Figure 3. VDR expression in patients and healthy controls. A-Western blot analyses 

displays of VDR expression in platelets from osteoporotic patients with femoral fracture (lane 

4), without fractures (lanes 7,8) and healthy postmenopausal controls (lanes 5,6), compared 

to rhVDR as controls (lanes 1,2, 3). 

B-The graphs show the mean expression of platelet VDR in the entire subject analysed (left 

panel) and of osteoporotic patients without fractures as compared to patients with fractures 

(right panel). The bars represent the mean + SE, p values were calculated with one way 

ANOVA and the multiple comparisons were carried out with Bonferroni post-hoc correction. 

 


