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Introduction
Osteoporosis brings about deterioration in activities of daily 

living and quality of life of the affected patients. Although fragility 
fractures resulting from osteoporosis continue to increase 
in the current aging society, it is assumed that this disease is 
still undertreated [1,2]. Actually, osteoporosis is defined as a 
skeletal disorder characterized by compromised bone strength 
predisposing a person to an increased risk of fracture [3]. In the 
definition of osteoporosis, low BMD must not be considered as a 
sole factor of osteoporosis. Infact more clearly the bone strength 
is determined not only by BMD but also by factors other than 
BMD [3]. Osteoporosis is a silent condition and there is no 
clinical tool to assess “bone quality”, so measurement of bone 
mineral density (BMD) is required to identify patients before 
fractures occur. There are many techniques for measuring bone 
mineral density. They fall into 2 main categories: those that use 
ionizing radiation and those that do not. Ionizing techniques 
include Dual Energy X-Ray Absorptiometry (DEXA) [4]. Dual 
Energy X-ray Absorptiometry (DEXA) measure bone density 
based on differential absorption of 2 x-ray beams by bone and  

 
soft tissues. It is the gold standard for detecting and diagnosing 
osteoporosis, characterized by low bone density and altered 
bone structure [5,6].

The World Health Organization has established criteria 
for osteoporosis and osteopenia based on DEXA BMD 
measurements: osteoporosis is defined as a BMD that is >2.5 
standard deviations below the mean BMD for normal young 
adults (i.e. T-score <–2.5), while osteopenia is defined as BMD 
that is more than 1 standard deviation but less than 2.5 standard 
deviation below the mean for normal young adults (i.e. T-score< 
–1 and> –2.5). Bone mineral density measurement has been the 
most common test used to screen for and diagnose osteoporosis 
[7]. BMD measurement of the entire skeleton or specific sites 
(lumbar spine and proximal femur) using x-ray absorptiometry 
is based on the absorption of x-rays by the calcium crystals in the 
bone. It measures the amount of calcium per unit area (grams/
square cm) or per unit volume (grams/cubic cm) in the bone. 
Results of BMD tests are expressed as T-score and Z-score. 
T-score is the number of standard deviations (SD) from the 
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Abstract

In order to clarify the role of candidate genes for the osteoporosis related phenotypes, we have investigated among polymorphism of the 
ESR1 gene and polymorphism of VDR3 gene in the relation to BMD and bone loss in a population of women of the southern Italy who underwent 
early (35-45 years old) menopause. The bone mineral density of all subjects was measured by Dual energy x-ray absorptiometry (DEXA). 
Molecular analyses were performed on ERa and VDR3 genes exons using both sequencing and RFLP technology. All women showed an average 
DEXA value less than -2,5. We have identified polymorphisms in the coding region of ESR1 gene that is well correlated with the bone status of the 
affected subjects. Vitamin D3 receptor also presents polymorphisms and is evident only in the affected subjects. The identified polymorphism 
of ESR1 is present only in osteoporotic patients and absent in normal subjects, such as the vitamin D receptor. Furthermore all the subjects that 
show such polymorphisms have DEXA values lesser than -2.5 showing a relationship between the above polymorphisms and bone loss. This let 
us to hypothesize that identification of polymorphism of ESR1 and vitamin D3 receptor could be a tool for early diagnosis of osteoporosis in early 
menopause woman.
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mean BMD for young (25–45years old) adults. A T-score of -2.5 
represents a BMD value that is 2.5 SD below the mean BMD for 
young adults. Z-score is the number of SDs from the mean BMD 
value for people of the same age and gender 8. Although it 
was not intended to be applied to individual patients, the WHO 
classification works well to define ‘‘normal’’ (T-score -1.0 and 
above) and “osteoporosis” (T-score -2.5 and below). Several 
large studies have shown an unacceptably high risk of fracture 
in patients who have T-scores of -2.5 and below and a significant 
reduction in fracture risk with treatment, making this threshold 
an “evidence based” criterion for the diagnosis of osteoporosis 
and for the initiation of treatment [9,10].

According to its definition, the genes of osteoporosis should 
be a group of genes contributing to the multiple aspects of 
pathogenesis. When polymorphisms of genes were significantly 
and reproducibly associated with bone phenotypes, it must 
be considered a potential marker although the contribution 
of each polymorphism to BMD would be small. The multiple 
factors contributing to the pathogenesis of osteoporosis include 
genetic and environmental factors. Because decrease in bone 
mineral density (BMD) is the major clinical indicator and a 
useful quantitative trait, many association and linkage studies 
of BMD have been conducted. Although the series of studies 
showed apparently significant associations, the genes have 
not been found that can be utilized in clinical practice. Several 
genes identified in robust genome-wide association studies 
will be the new cutting edge in genetic studies of osteoporosis 
[11]. The “essential gene”, responsible for the manifestation of 
osteoporosis has not yet been identified, despite utilizing the 
most advanced methods. Some random observations indicate 
the broader impact of candidate genes for osteoporosis of the 
skeleton. 

Genes are important in determining both peak bone mass 
and the rate of bone loss in later life. There is agreement that 
genetic factors are important, however, identifying the relevant 
genes have yielded inconsistent and conflicting results. Several 
genes are involved, some of which may be more important 
in particular ethnic groups than in others [11]. The genetics 
of osteoporosis has many pitfalls, that prevent application of 
information to practical osteology. An unanimous consensus 
has not been reached in the relationship between certain 
candidate genes and bone phenotypes. A significant disturbing 
phenomenon is the effect of mutual interactions between genes 
(e.g. the interaction between ER and VDR) or between a gene 
and the environment (lifestyle, nutrition, physical activity). The 
effects of epigenetic factors must also be considered.

The GWAS method can partially overcome those pitfalls: it 
allows for the identification of a range of candidate genes and 
an assessment of the impact of their mutual interactions on the 
appropriate phenotype in a single measurement (genomics). 
So far, about 20 GWAS studies have recorded the association of 
genes with bone density, fractures, or skeletal geometry [12]. 

From the point of further progress in genetics of osteoporosis, 
the polymorphic variations at multiple loci can be detected in 
the laboratory. Despite all of the difficulties and numerous 
unanswered questions, the genetics (genomics) of osteoporosis 
remains a big challenge for further research in the field of 
pathogenesis, diagnosis and the personalized treatment of 
osteoporosis. The regulatory effect of these genes on hormonal 
parameters needs to be further verified. In this respect here, 
we have undertaken this study inorder to correlate the single 
nucleotide polymorphism in the estrogen receptor alpha and in 
the vitamin D3 receptor and the osteoporotic status in women 
with early menopause.

Materials and Methods
We have selected in our cohort of subjects (1564) that 

underwent to osteoporosis a set of women (89) ranging between 
35 and 45 years with early menopause symptoms and women 
(64) ranging between 45 and 55 years in advanced menopause 
but with no diagnosis of osteoporosis (used as control group). 
All women were subjected to genetic counseling. All treatments 
follow the guidelines of our Comitato Etico dell’Azienda 
Ospedaliera Universitaria of the 2nd University of Naples. The 
study was performed in accordance with the ethical standards 
stated in the 1964 Declaration of Helsinki and approved by the 
local clinical research ethics committee (protocol number 477, 
18 November 2013).

Blood Samples
After the counseling and with their written informed consent, 

blood samples from all women were collected. Blood samples 
were used for DNA extraction. All women did not undergo to any 
pharmacological treatment. 

BMD Evaluation:
Dual energy x-ray absorptiometry (DEXA) was carried out 

to all subjects enrolled for the present study. The values for a 
diagnosis of osteoporosis were to consider ‘‘normal’’ in the 
subjects with a T-score of -1.0 and above, and “osteoporosis” 
in those with a T-score of -2.5 and below. A dual energy x-ray 
absorptiometry (DXA) machine sends a thin beam of low-dose 
x-rays with 2 distinct energy peaks through the bones of patients. 
One peak is absorbed mainly by soft tissue and the other by bone. 
BMD is calculated from the difference in absorption between 
the bone and the soft tissue. Computer software calculates the 
numerical density of the bone from the image and compares it 
with the mean of healthy young adults, and to the age-matched 
control of the reference population. Intra-instrument reliability 
was assessed by repeatedly scanning soft tissue phantoms for 
lean tissue (water) and fat tissue (methanol) using one DPX-Land 
two identical Prodigy. Intra-instrument reliability, expressed 
as coefficient of variation, ranged between 0.7% and 5.2% for 
the DPX-L and 0.4% and 4.5% for the Prodigy, with the lowest 
coefficients of variation observed when scanning the fat tissue 
phantom.
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Chemicals
All chemicals and glassware were molecular biology grade. 

Primers for exons amplification and assay kits for steroids were 
purchased from Sigma (St. Louis, MO).

DNA Extraction
Blood samples were obtained from all participants and 

genomic DNA was extracted with standard purification protocols 
[13,14].

Primers and Estrogen Receptor Alpha (Erα) Exon 
Amplification, Primers and Vitamin D3 Receptor 
(VD3R) Exons Amplification
Table 1: Exons, primers sequences, chromosome position and 
expected length of the amplified product for the exons 6 of the human 
Estrogen Receptor alpha gene and the exons 6 and 7 of human VDR3.

Exon Primer Sequence Position Length 
(Bp)

6 ERa (F) 5’GTTACATTATTTGAAGGCTATG3’ 
(R) 5’AAACGTGTGTCAGTAGTTTCT3’

253003 
253697 697

6 VD3R (F) 5’TCTCAAATCAGTTGATCCTT3’ 
(R) 5’GCTGGGAGTGTGTCTGG3’

46877 
47851 974

7 VD3R
(F) 5’GTATGTCTGCCTGCTGG3’

(R) 5’GCCCCCGCTCCCTTACT3’

47528

47947
418

Primers were designed (Table 1) from sequences present 
in GenBank (BC128573.1 for the exon 6 of the Era and from 
the sequenced gene for the exon 6 and 7 of VD3R and Human 
Genome Browser. PCR were performed accordingly to the 
manufacturer of PCR kit Roche (Roche Diagnostics, Italy). 
Products of amplification reactions were purified with standard 
methods and used for sequencing. Amplification products were 
sequenced from both ends.

Sequencing
The product of PCR amplification was sequenced from both 

strands according to the conditions out-lined by the Big Dye 
Terminator Kit (PerkinElmer/Applied Biosystem) and runs on 
ABI 377 Sequencing System (PerkinElmer/Applied Biosystem) 
[15].

RFLP of Sequenced Exons
Sequenced exons were digested using appropriate restriction 

enzymes inorder to generate restriction fragments. The exon 
6 of the estrogen receptor alpha was digested with Pst1 (New 
England Biolabs), the exon 6 of the vitamin D3 receptor was 
digested with ApaI (New England Biolabs), the exon 7 of the 
vitamin D3 receptor was digested with Bam H1 (New England 
Biolabs). The restriction fragments were separated onto agarose 
gel (1.8%) and the electrophoresis results were photographed 
with appropriate apparatus.

Statistics
Significance of differences was evaluated by using Duncan’s 

test (at p < 0.05 and p < 0.01) for multi-group comparisons.

Results
It ‘important to note that, of the total number of the 

subjects who had been referred to the osteoporosis service of 
our university, only 89 of them underwent to an early onset of 
menopause. This number of subjects is compatible with the 
percentage currently found in Southern Italy for patients with 
early menopause (about 5%). Also, no significant differences 
were found in BMI between the two experimental groups.

BMD Evaluation
Diagnosis of osteoporosis was based on the BMD obtained 

with DEXA at the hip (neck of the femur) and spine (vertebral 
body of L2, L3, and L4), which is considered the gold standard 
for the noninvasive diagnosis of osteoporosis. The average value 
of T-score measured with DEXA was -2.8 (T-score range: from 
-3.7 to -1.98). Our cohort of patients affected by early menopause 
showed an average value of BMD less of -2,5, while the control 
group showed an average value of – 0.7 (Table 2)
Table 2: Clinical parameters of the woman with or without diagnosis of 
osteoporosis and the relative age of beginning of menopause.

Menopause n° Of Subjects Osteoporosis 
Diagnosis Dexa Values

between 35-45 89 positive -2.8 ± 0.5

between 50-55 64 negative -0.7 ± 0.3

Era Polymorphism

Figure 1: Typical example of analysis of FRLP generated 
by digestion with Pst1 enzyme of amplified products of the 
exon 6 belonging form ERa gene. The restriction fragments 
were resolved onto agarose gel (1.8%). Lane 1, homozygous 
unaffected subject, lanes 2 and 3 affected heterozygous 
subjects.

The analysis of the sequences of amplified exons, show a 
polymorphism in the exon 6. The base mutations cause the 
insertion of restriction sequences for the Pst1 enzyme. The 
restriction fragments generated by the above mutation are of 
520 and 177 bp respectively and are shown in Figure 1. In the 
exon 6, the Glu441 is substituted by Gln. Thus, a basic amino-
acid is substituted by a polar one. This polymorphism was found 
only in the subject that underwent to early menopause. 
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VD3R Polymorphism

Figure 2: Typical example of analysis of FRLP generated by 
digestion with ApaI enzyme of amplified products of the exon 
6 belonging form VDR3 gene. The restriction fragments were 
resolved onto agarose gel (1.8%). Lanes 1 and 2 heterozygous 
affected subjects, lanes 3 and 4 homozygous unaffected 
subjects.

Figure 3: Typical example of analysis of FRLP generated by 
digestion with Bam H1 enzyme of amplified products of the 
exon 7 belonging form VDR3 gene. The restriction fragments 
were resolved onto agarose gel (1.8%). Lanes 1, 2, 3 and 4 
heterozygous affected subjects, lane 5 homozygous unaffected 
subject.

The analyses of the sequences of amplified exons, show a 
polymorphism in the exons 6 and 7. The base mutation in the 
exon 6 cause the insertion of a restriction sequence for the 
ApaI enzyme. The restriction fragments generated by the above 
mutation are of 550 and 423 bp respectively and are shown in 
Figure 2. In the exon 6 of VD3R gene cause the substitution of 
Arg121 by Gly. Thus, a basic amino-acid is substituted by a non-
polar one. As far as it concerns the exon 7, the base mutation 
causes the insertion of a restriction sequence for the Brahmi 
enzyme. The restriction fragments generated by this mutation 
are of 283 and 135 bp respectively and are shown in Figure 
3. In this exon of the VD3R receptor gene the mutation causes 
the substitution of Ser165 by Ile. Thus, a polar amino-acid is 
substituted by a non-polar one. This polymorphism was found 
only in the subject that showed an early menopause. 

Discussion
Postmenopausal osteoporosis is heterogeneous disorder 

that appear to be caused by several non-hormonal and hormonal 

factors. Of non-hormonal factors, age-related bone loss, the 
degree of bone density achieved in young adult life, and dietary 
intake and absorption of calcium appear to be important. 
Hormones that may be important in pathogenesis are parathyroid 
hormone (PTH), estrogen, 1,25(OH)2D, and possibly calcitonin. 
Postmenopausal estrogen deficiency accelerates bone loss by 
increasing responsiveness of bone to endogenous PTH. The 
resultant increase in release of calcium from bone is associated 
with normal or low values for serum immune-reactive PTH 
(iPTH) except for a subset of 15% of the total (which appear to 
represent a separate population). Some evidence suggests that 
subnormal calcium absorption, which is a common finding in 
postmenopausal osteoporosis and which may contribute to 
negative calcium balance, is caused by decreased conversion of 
25-OH-D to 1,25(OH)2D.

The role of steroid hormones in the development and 
maintenance of bone is a well-established phenomenon. 
Traditionally the point of view is that estrogens and androgens 
were the main sex steroids influencing bone maturation and 
maintenance in women and men, respectively [16]. Studies 
reported that serum 17b-estradiol well correlated with bone 
mass density at various sites although also T has some effects 
[17-23]. It has been shown that serum17b-estradiol is important 
in the increase in bone mass during the puberty [23]. This claims 
for a central role of estrogen with respect to skeletal metabolism. 
In fact, in patients with aromatase deficiency 17b-estradiol levels 
lesser than 20 pg/ml are required to complete bone maturation 
and mineralization [ 20,24-26].

The cortical bone size is, at least partly, due to sex steroid 
exposure in mice [20,21,27]. Studies on the effect of ER 
activation non-trabecular bone have been performed inorder 
to better understand which ER is mainly involved in bone 
development. In these studies, orchidectomized wild type (WT) 
and ER-inactivated mice were treated with the non-aromatizable 
androgen dihydrotestosterone (DHT), 17b-estradiol, or vehicle. 
Both ERa and AR but not ERb activation preserved the amount 
of trabecular bone. ERa activation resulted both in a preserved 
thickness and number of trabeculae. ERa is the principal ER for 
the regulation of both trabecular and cortical bone in female 
mice [22,28-31]. These observations well correlate with the 
results obtained from the analysis of polymorphisms of the 
estrogen receptor alpha. All subjects with early menopause 
with osteoporosis had a polymorphism of exon6.In the exon 
6, the Glu441 is substituted by Gln. Thus a basic amino-acid is 
substituted by a polar one. This amino acid substitution falls 
in the steroid-binding domain that to be fully effective, it must 
have a well-controlled electrical environment. This result may 
indicate that 17b-estradiol is bound with lower efficiency in the 
binding pocket of the receptor by decreasing the efficiency of the 
response to the hormone. Besides ERa studies in postmenopausal 
Italian women indicate that intragenic polymorphisms make a 
small, but statistically significant contribution to the heritability 
of bone mineral density [11].
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Among the vitamin D facts, it must been noticed that its 
metabolite (1,25(OH)2D3) plays a key role in the regulation 
of bone metabolism. It activates specific receptors (VDR) 
on osteoblasts and stimulates bone formation. However, 
in high in vitro concentrations, it activates osteoclastic 
resorption.1,25(OH)2D3 through VDR also regulates calcium 
homeostasis in vivo outside of the bone by reducing calcium 
and phosphorus loss in the kidneys, while stimulating their 
absorption in the intestines, thereby ensuring adequate bone 
matrix mineralization [8]. The gene for VDR was the first 
candidate gene, in which an association with bone mineral 
density was discovered by Morrison [32]. The effect of the VDR 
genotype (the TaqI, BsmI and ApaI polymorphisms) on BMD has 
been found strongest in premenopausal women and decreases 
with age [33]. Later, however, only 11 isolated studies found 
an association between VDR and BMD values [34] while other 
studies (including those using the GWAS method) had negative 
results. Instead, genes encoding the expression of protein-
binding vitamin D (VDBP) and circulating25(OH)D (CYP2R1) 
were identified, which predicted the risk of osteoporosis 
[11,35]. A study of an intragenic polymorphism in VDR led to 
the suggestion that this gene, mutations in which cause vitamin 
D-depended rickets type II, could account for as much as 75% 
of the heritability of bone mineral density [11,23]. It must 
have also in account that similar studies failed to confirm this 
observation. In this respect our study carried out in a particular 
woman population (early menopause) have accounted for clear 
correlation between VDR polymorphisms and osteoporosis. The 
ApaI polymorphism in the exon 6 accounts for the substitution of 
Arg121 by Gly. Thus a basic amino-acid is substituted by a non-
polar one. This substitution falls in the DNA binding domain. Due 
to the electric properties of Gly (non-polar), this substitution 
instead of Arg having basic properties, the bind to DNA of the 
VDR3 receptor could be less efficient.

As far as it concerns BamHI polymorphism the exon 7, 
the mutation cause the substitution of Ser by Ile. Also, this 
substitution falls in the ligand binding domain. Also, in this case 
the electric properties have a remarkable change since a polar 
amino-acid is substituted by a non-polar one. The binding of 
the ligand to the receptor induces a conformational change of 
the ligand binding domain (LBD) with consequent dissociation 
of co-repressors. Upon ligand binding, VDR forms heterodimer 
with the retinoid X receptor (RXR) that binds to vitamin D 
response elements (VDREs), recruits co-activators. This leads to 
the expression of a large number of genes. Approximately 200 
human genes are considered to be primary targets of VDR and 
even more genes are regulated indirectly. Our hypothesis is that 
the change Ser165/Ile may affect one of the above effect exerted 
by ligand. But this must be proved with targeted experiments. 
It is noteworthy that we found double mutation in the VDR3 
receptor only in one subject while only one of the mutations 
among VDR3 gene described in the present paper has been 
found in our cohort of affected woman. Interestingly, all affected 

woman show the polymorphism of ERa gene and at the same 
time one of the two polymorphism of the VDR3 gene.

From our results its appears that the early menopause is 
not only closely related to an increased risk of osteoporosis in 
our southern Italy population but show also a genetic linkage 
with both ERa and VDR3 polymorphism. It is well known 
that treatment of osteoporosis with either sex steroids (by 
antagonizing the effect of PTH on bone resorption) or orally 
administered calcium with or without vitamin D (by decreasing 
PTH secretion) decreases bone resorption. Long-term therapy 
with these agents, however, decreases bone formation; thus, 
bone loss is only arrested or slowed. Although combined therapy 
with fluoride and calcium stimulates bone formation and appears 
to be capable of increasing bone mass, its long-term safety and 
efficacy in decreasing the occurrence of fractures remain to be 
demonstrated specially in those subject that undergone to early 
menopause.
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