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common condition characterised by increased and disorganised bone turnover
which can affect one or several bones throughout the skeleton. These abnormalities disrupt normal bone
architecture and lead to various complications such as bone pain osteoarthritis, pathological fracture, bone
deformity, deafness, and nerve compression syndromes. Genetic factors play an important role in PDB and
mutations or polymorphisms have been identified in four genes that cause classical Paget's disease and
related syndromes. These include TNFRSF11A, which encodes RANK, TNFRSF11B which encodes osteopro-
tegerin, VCP which encodes p97, and SQSTM1 which encodes p62. All of these genes play a role in the RANK-
NFκB signalling pathway and it is likely that the mutations predispose to PDB by disrupting normal
signalling, leading to osteoclast activation. Although Paget's has traditionally be considered a disease of the
osteoclast there is evidence that stromal cell function and osteoblast function are also abnormal, which
might account for the fact that the disease is associated with increased bone formation as well as resorption.
Environmental factors also contribute to Paget's disease. Most research has focused on paramyxovirus
infection as a possible environmental trigger but evidence in favour of the involvement of viruses in the
disease remains conflicting. Other factors which have been implicated as possible disease triggers include
mechanical loading, dietary calcium and environmental toxins. Further work will be required to identify
additional genetic variants that predispose to Paget's disease and to determine how the causal mutations and
predisposing polymorphisms interact with environmental factors to influence bone cell function and cause
the focal bone lesions that are characteristic of the disease.

© 2008 Elsevier Inc. All rights reserved.
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Introduction

Paget's is a common metabolic bone disease characterised by focal
abnormalities of bone turnover. The abnormal bone remodelling
l rights reserved.
disrupts normal bone architecture and structure, leading to the
development of various complications including bone pain, deformity,
pathological fracture and secondary osteoarthritis [107]. For many
years the pathophysiology of Paget's disease was poorly understood,
but over the past 10 years, there have been tremendous advances in
knowledge concerning the pathogenesis of PDB and this form the
focus of the present review.
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Epidemiology

Paget's disease of bone shows a strong age-dependency; it is rarely
diagnosed below the age of 50 but becomes progressively more
common thereafter, to affect about 8% of men and 5% of women in the
UK by the age of 80 [107]. Marked geographical differences in
prevalence of the disease exist; PDB is common in the UK, western and
southern Europe and in European migrants to Australia, New Zealand
and South Africa. Conversely, PDB is uncommon in Scandinavia [19]
and extremely rare in the Indian subcontinent and in south east Asia
[6,103]. These ethnic differences in disease susceptibility strongly
support the importance of genetic factors in pathogenesis, but there is
evidence that environmental influences also play an important role.
For example, there have been marked reductions in prevalence and
clinical severity in the UK and New Zealand over the past 25 years
implying that environmental changes have occurred which influence
the disease [14,15]. However in other countries such as the USA the
incidence has remained stable in over recent years [105] and in some
regions of Italy, severity and incidence have increased [92]. There are
many potential explanations for these changes in disease prevalence
including changes in nutrition, mechanical loading of the skeleton and
exposure to infections, as well as differences in ethnic makeup of
certain populations due to influx of migrants from low prevalence
regions in the Indian subcontinent and south east Asia to regions
which formerly had high prevalence such as the north of England.

Pagetic bone lesions

Pagetic bone lesions are characterised by focal increases in
osteoclastic bone resorption accompanied by increased and disorga-
nised bone formation. Other typical features include marrow fibrosis,
and increased vascularity of bone (Fig. 1). The osteoclasts in affected
bone are increased in size, contain many more nuclei than normal
osteoclasts and also contain characteristic intranuclear inclusion
bodies (Fig. 1). These aremicrocylindrical structures that were initially
considered to resemble paramyxovirus nucleocapsids [66,88]. Over
recent years however, questions have been raised about the true
nature of these structures [32] since they are not specific for Paget's
disease and have also been described hereditary oxalosis [7], and
osteopetrosis [69]. Inclusion body formation is common in degen-
erative diseases of the nervous system and muscle where the cell is
unable to degrade proteins normally because of defects in the
ubiquitin–proteasome system (UPS) or autophagy [53]. In eukaryotic
cells there are two main routes for protein degradation; short-lived
Fig. 1. Bone histology and osteoclast nuclear inclusions in Paget's disease. The right
panel shows a photomicrograph of a toluidine blue stained bone biopsy from a patient
with active PDB. Typical histological features of PDB are evident including increased
osteoclastic bone resorption (OCL, arrows) juxtaposed to areas of vigorous new bone
formation (OB; arrows) overlying abundant osteoid (stained light blue). There is
disruption of normal trabecular architecture (stained purple). The left panel shows
typical nuclear inclusions in a Pagetic osteoclast, as visualised by transmission electron
microscopy.
proteins such as signalling molecules are degraded through the
ubiquitin–proteasome system (UPS), whereas longer-lived proteins
and damaged organelles are degraded by the process of autophagy.
The relevance of this to Paget's disease is that SQSTM1 and VCP have
both been found to play a critical role in shuttling cellular substrates
for proteasomal degradation [98] and in the process of autophagy
[44,109] (Fig. 2). This raises the possibility that the inclusion bodies in
Pagetic osteoclasts are in fact, aggregates of cellular proteins which
have not been degraded normally, rather than viruses. Further
research to investigate this possibility is currently in progress.

Although Paget's disease is primarily a focal condition, there is
evidence to suggest that some patients with the disease have subtle
abnormalities of bone turnover at uninvolved sites [64]. This has been
attributed to secondary hyperparathyroidism, but in previous studies,
the correlation between circulating PTH levels and levels of bone
turnover was poor [64] raising the possibility that some patients with
Paget's disease may have a subtle generalised increase in bone
turnover. Support for this hypothesis comes from the fact that carriers
of SQSTM1 mutations can exhibit elevations in bone turnover which
precede the development of focal bone lesions [21].

Role of genetic factors in Paget's disease

Genetic factors are now recognised to play an important role in the
pathogenesis of Paget's disease. Familial clustering was first reported
by Montagu in the 1940's [70] and subsequent studies in the 1980's
and 1990's [100,101] demonstrated that the risk of developing Paget's
disease in a relative of an affected personwas 7–10 times greater than
the general population. This risk is even greater in relatives of patients
with deforming disease and thosewith an early age at diagnosis [100].
In routine clinical practice, approximately 15% of patients report a
positive family history [50], although it is likely that the prevalence of
familial disease may be actually be higher since the disease often goes
undiagnosed. Within most families, the disease is inherited as a
simple autosomal dominant trait with high penetrance by the sixth
decade [12,31,33,51,71]. Several other rare familial bone disorders
have also been described which exhibit clinical, radiological or
histological features in common with Paget's disease. These include;
familial expansile osteolysis (FEO) [82], expansile skeletal hyperplasia
(ESH) [111], early onset Paget's disease [75], juvenile Paget's disease
(also known as idiopathic hyperphosphatasia) [112] and the syndrome
of hereditary inclusion body myopathy, Paget's disease of bone, and
frontotemporal dementia (IBMPFD) [45]. With the exception of
Juvenile Paget's disease which is an autosomal recessive condition,
all of these disorders are inherited in an autosomal dominant manner.
Since these disorders have been the subjects of a recent review
elsewhere [55], I will not discuss them further here.

Candidate loci for Paget's disease

Several potential susceptibility loci for classical Paget's disease
have been identified by genome wide-searches and candidate locus
linkage studies. These include the PDB1 locus on chromosome 6 [106];
the PDB2 locus on chromosome 18q21 [12,31,40]; the PDB3 locus on
chromosome 5q35 [34,51]; the PDB4 locus on chromosome 5q31 [51];
the PDB5 locus on chromosome 2p36 [34]; the PDB6 locus on
chromosome 10p13 [34]; and the PDB7 locus on chromosome 18q23
[27]. It has recently become clear that the linkage signals in some of
these regions may have been false positives. For example the initial
report of linkage to the HLA region on chromosome 6 (PDB1) has not
been confirmed in any of the genome scans performed over recent
years, indicating that this result is almost certainly a false positive.
Similarly, mutation screening of families previously reported to have
linkage to the PDB2 region [12] and the PDB7 region [28] has shown
that most affected subjects carried mutations in the SQSTM1 gene.
Moreover, when Lucas et al. excluded patients with SQSTM1mutations



Fig. 2. Osteoclast signalling pathways of relevance to Paget's disease. Mutations or polymorphisms have been identified in several components of the RANKL-RANK-NFκB signalling
pathway in patients with PDB and related syndromes. Activating mutations of TNFRSF11A, which encodes RANK cause familial expansile osteolysis (FEO), early onset PDB (E-PDB) and
expansile skeletal hyperphosphatasia (ESH). Inactivating mutations of TNFRSF11Bwhich encodes OPG cause juvenile PDB and polymorphisms of this gene predispose to classical PDB.
Mutations in VCP cause the syndrome of inclusion body myopathy, Paget's disease, and frontotemporal dementia (IBMPFD) whereas mutations of SQSTM1, which encodes p62, cause
classical PDB. It is possible that mutations of VCP and SQSTM1 interfere with their ability to chaperone other signalling proteins to the proteasome, leading to activation of signalling
and possibly contribute to the formation of nuclear inclusions which might be composed of protein aggregates.
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and reanalysed data from a previous genome wide scan, the linkage
signal on PDB5 on chromosome 2p36 disappeared almost completely
whereas evidence for linkage to the PDB6 locus on chromosome 10p13
strengthened considerably [54]. There are two possible explanations
for this finding; one is that the PDB2, PDB5 and PDB7 loci contain
modifier genes that interact with SQSTM1 to cause the disease; the
second is that the original linkage signals were false positives and
attributable to co-incidental allele sharing at other loci in patients
whose Paget's disease was actually due to SQSTM1 mutations.

Sequestosome 1

Positional cloning studies on the chromosome 5q35 (PBD3)
locus performed by Laurin et al. [52] and Hocking et al. [36]
resulted in the identification of mutations in the Sequestosome 1
(SQSTM1) gene as an important cause of Paget's disease. The
discovery of SQSTM1 mutations in PDB was first made by Laurin et
al. whom found a Proline–Leucine mutation affecting codon 392
(P392L) in the ubiquitin-associated (UBA) domain of the SQSTM1
protein an important cause of PDB in French Canadians [52].
Subsequently, P392L and other mutations affecting the UBA
domain of SQSTM1 were reported in patients with familial and
sporadic Paget's disease of British descent [36]. Since these initial
reports, several different mutations of SQSTM1 have been identified
in Paget's disease and most of these cluster in or close to the UBA
domain [13,21,22,35,42,86]. The frequency of SQSTM1 mediated
Paget's disease differs in different populations, but it appears that
between 10–50% of patients with familial PDB and between 5–30%
of patients with “sporadic” PDB carry mutations in SQSTM1
[13,21,35,52,93].

The SQSTM1 gene encodes p62 which is a scaffold protein that
plays an important role in regulating NFκB signalling downstream of
the IL-1 receptor, TNF receptor, RANK receptor and Nerve growth
factor receptor [72] (Fig. 2). Initial studies performed using the
isolated UBA domain showed that there was no obvious correlation
between the ubiquitin binding properties of the mutant protein and
propensity to cause Paget's disease [11]. However, subsequent studies
have shown that in the context of the intact protein, all PDB causing
mutations impair ubiquitin binding at physiological temperature [10].
This indicates that the disease causing mutations likely result in a
subtle conformational change leading to loss of ubiquitin binding
affinity. Although loss of ubiquitin binding seems to the unifying
mechanism by which these mutations cause the disease, the down-
stream consequences are unclear. Studies in mice with targeted
inactivation of SQSTM1 have shown impaired osteoclastogenesis in
response to RANKL in vitro, and impaired osteoclastogenesis in
response to PTHrP injection in vivo, indicating that p62 plays a role
in regulating osteoclast function and activity in response to bone
resorbing stimuli [20]. Transgenic mice have also been developed
which over-express the P392L mutation of SQSTM1 in cells of the
osteoclast lineage driven by the tartrate resistant acid phosphatase
(TRAP) promoter [47]. These mice are osteopenic and have increased
numbers of osteoclasts, which are hyper-responsive to RANKL and
TNFα but they do not develop focal osteolytic lesions with the
characteristics of Paget's at least in the vertebrae, towhich histological
analysis was limited [47]. We have generated mice with a truncating
mutation of SQSTM1 at serine 409 of p62, which deletes most of the
UBA domain (S409X). These mice develop focal osteolytic lesions with
many of the characteristics of Paget's disease and represent the first
animal model for the disease [95]. The contrasting results between
these two studies may be due to the fact that S409X has a more
profound inhibitory effect on SQSTM1 function than P392L and/ or
because of the fact that expression of the mutant SQSTM1 protein in
the over-expression model was limited to mature osteoclasts whereas
in the S409X model the mutation is carried in the germ line, as in the
human disease.
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These abovementioned observations confirm that lack of p62 inhibits
osteoclast function, and that mutations of p62 stimulate osteoclast
function, but the signalling pathways bywhich these effects occur remain
unclear. In the study by Duran et al. [20] over-expression of p62 was
reported to stimulate NFκB in promoter-reporter assays but this has not
been consistently found by other researchers. For example in one study,
over-expression of wild type p62 suppressed NFκB activation in
promoter-reporter assays, although there was less inhibition with a
truncatingmutant of SQSTM1 [86].We have also failed to show consistent
evidence of NFκB activation by SQSTM1 mutants in promoter-reporter
assays (A Daroszewska, SH Ralston, unpublished). Nonetheless, Yip et al.
who over-expressedwild type p62 and a truncatingmutant which lacked
the UBA domain in RAW cells found that the mutant p62 stimulated
RANKL induced formation of osteoclast-like cells and bone resorption
[114]. The mutants also enhanced RANKL induced activation of NFκB,
NFAT, and ERK phosphorylation in vitro [114]. Further work will be
required to resolve these discrepancies and to determine whether
SQSTM1 mutations can cause osteoclast activation through NFκB or
other signalling pathways. In this regard, recent studies have shown the
LIMD1 protein interacts with TRAF6 and enhances RANKL induced
osteoclast activity through the AP1 pathway [23]. Since p62 also forms
part of this signalling complex [24], it is possible that the SQSTM1
mutations might interact with LIMD1 to regulate osteoclast activation
through the AP1 pathway. Another possibility would be a general
activation of signalling by interfering with the protein degradation
through the ubiquitin–proteasome pathway or autophagy pathway as
previously discussed.

Other candidate genes

Several other candidate genes have been investigated in relation to
Paget's disease, but most attention has focused on the genes encoding
RANK (TNFRSF11A), RANKL (TNFSF11A) and OPG (TNFRSF11B). Follow-
ing discovery of mutations in RANK as the cause of familial expansile
osteolysis, expansile skeletal hyperphosphatasia and early onset
Paget's disease [39,110], attention focused on the possibility that
RANK polymorphisms might contribute to classical PDB. Mutation
screening excludedmutations in RANK as a common cause of PDB and
association studies similarly yielded negative results [39,57,113]. It
should be noted however that these association studies were of
limited sample size and at present it is not possible to exclude the
possibility of an allelic association between common polymorphic
variants of TNFRSF11A and PDB.

The TNFRSF11B gene has also been studied quite extensively in
classical PDB, following the discovery of TNFRSF11B mutations in
juvenile PDB [16]. Initial studies in a small group of patients failed to
detect any evidence of TNFRSF11B mutations in classical PDB but
showed evidence of an association between an intronic variant and
the disease [113]. Subsequently, Daroszewska et al. found in a case
control study and family based study, that common polymorphisms in
the intron and promoter of TNFRSF11B were associated with PDB [17].
This finding was confirmed by Beyens et al. who interestingly showed
that the association noted by Daroszweska et al. was gender specific in
both UK and Belgian patients and primarily driven by an effect in
women [5]. Analysis of the VCP gene in classical Paget's disease has
also been carried out, promoted by the finding of VCPmutations in the
syndrome of inclusion body myopathy, Paget's disease and fronto-
temporal dementia [108]. Lucas et al. conductedmutation screening of
VCP in patients with familial and sporadic PDB, but found no
mutations and no evidence of an allelic association between common
polymorphisms in VCP and PDB [56].

Role of viral infection in Paget's disease

Studies on the role of viruses in the pathogenesis of Paget's disease
stem from the fact that Pagetic osteoclasts contain nuclear inclusions
which resemble the paramyxovirus nucleocapsids [66,89]. These
structures are typical of Paget's disease but are not specific having
also been found in the osteoclasts of patients with osteopetrosis [69]
and pycnodysostosis [4] in macrophages from patients with primary
oxalosis [7] and in osteoblasts from patients with otosclerosis [60].

Many attempts have been made to detect evidence of paramyx-
ovirus protein and/or nucleic acids in cells and bone tissue from
patients with Paget's disease, with mixed results. The earliest studies
employed immunohistochemistry and showed positive staining with
antibodies directed against measles virus (MV) and respiratory
syncytial virus (RSV) in cultured osteoclast-like cells from Paget's
patients [65,67,87]. In two studies, antibody staining for both viruses
was observed in the same samples [65,68]. Other research has focused
on the possibility that canine distemper virus (CDV), rather than
measles virus, might be responsible for Paget's disease, based on the
observation that patients with Paget's disease were more likely to
have owned a dog than non Pagetic controls [80], although this
association has not been replicated in other studies in the UK or USA
[43,99]. Evidence of canine distemper virus (CDV) mRNA has been
reported in Pagetic bone samples from British patients with PDB using
in situ hybridisation [29]; reverse-transcription/PCR-in situ hybridisa-
tion (RT/PCR-ISH) [61] and RT/PCR [30]. Positive in situ hybridisation
for MV has also been found in Pagetic bone [3] and in a subset of
peripheral blood cells from Pagetic patients [91]. Other workers have
failed to detect MV or CDV in Pagetic bone, peripheral blood or
cultured bone marrow using RT/PCR [9,32,81,84] or using RT/PCR-ISH
[79]. The conflicting results between laboratories in their ability to
detect paramyxovirus transcripts in bone tissue and blood cells from
patients with Paget's disease have been a source of much debate.
Proponents of the viral hypothesis have argued that the presence of
mutations in PCR generated DNA products from Pagetic samples is
consistent with the fact that the disease is caused by a persistent virus
infection [25,26,30]. Opponents have argued that the detection of viral
transcripts could simply be the result of PCR contamination and that
the apparent mutations could represent the result of PCR incorpora-
tion errors [94]. This issue remains unresolved at present. In the most
comprehensive study performed to date, however, we found no
evidence of paramyxovirus protein or nucleic acids in Pagetic bone
samples or peripheral blood using a wide range of techniques
including nested RT/PCR, immunohistochemistry, and in situ hybridi-
sation [32]. Recent studies using highly sensitive quantitative PCR
based techniques have similarly failed to detect evidence of measles
virus in peripheral blood cells from patients with Paget's disease [83]
or in cultured osteoblasts from patients with the disorder [59].

Although there is lack of agreement about whether paramyxovirus
is present in Pagetic bone or not, there is good evidence to suggest that
paramyxoviruses and viral proteins can modulate differentiation and
function of osteoclasts. Infection of canine bone marrow cells with
CDV in vitro has been shown to increase formation of osteoclast-like
cells [62]. Similarly, measles virus has been found to stimulate
osteoclast formation and activity in vitro, when the virus was used to
infect bone marrow cells from transgenic mice which expressed the
CD46 cellular receptor for measles virus [90]. Moreover, retroviral
induced expression of the MV nucleocapsid protein in cultured bone
marrow cells has been shown to stimulate osteoclast formation,
multinuclearity and resorptive activity [49]. These observations do not
of course directly indicate a causal link between paramyxovirus
infection and PDB since over-expression of other viral proteins such as
HTLV-Tax, also results in a high bone turnover phenotype with PBD-
like features [97].

Cellular and molecular abnormalities in Paget's disease

The primary cellular abnormality in Paget's disease is generally
considered to reside within the osteoclast or osteoclast precursor. This
stems from the observation that osteoclast precursor cells obtained
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from Pagetic marrow aspirates and peripheral blood, form osteoclasts
in culture at lower concentrations of 1,25(OH)2D3 and RANKL than
comparable cells of normal subjects [18,46,63,78]. There is evidence to
suggest that the TAFII-17may play a role inmediating hypersensitivity
to 1,25(OH)2D3 in Paget's disease. TAFII-17 is a component of the
transcriptional initiation complex and its expression is increased in
Pagetic osteoclasts when compared with normal osteoclasts. Also
over-expression of TAFII-17 has been found to increase VDR mediated
transcription and suppression of TAFII-17 levels by antisense oligo-
nucleotides has been found to decrease formation of Pagetic
osteoclasts but not normal osteoclasts in vitro [48]. At the present
time, the mechanisms that lead to upregulation of TAFII-17 are
incompletely understood, but studies have shown that expression of
this factor is increased by over-expression of measles virus nucleo-
capsids protein in osteoclast precursors [48].

Several lines of evidence suggest that the abnormalities of
osteoclast formation in PDB may be driven at least in part, by the
cytokine IL-6. Levels of IL-6 have been reported to be increased in
plasma and in conditioned media from Pagetic bone marrow cultures
when compared with control cultures [96]. Expression of IL-6 and the
IL-6 receptor have been reported to be increased in Pagetic bone in
vivo [37] and ex-vivo, in cultures of Pagetic stromal cells [76].
Furthermore, neutralising antibodies to IL-6 have been found to
decrease RANKL responsiveness of Pagetic bone marrow cultures [63].
In other studies however, no difference has been found in circulating
IL-6 levels in Paget's patients when compared with controls [2,77,78]
or in IL-6 mRNA expression in whole bone biopsy samples or cultured
stromal cells from PDB patients [8,85].

Other more recent studies have suggested that there may be
dysregulation of interferon signalling in PDB. A study by Nagy et al.,
compared patterns of gene expression in monocytes from 23 PDB
patients and 23 controls and found significant upregulation of
interferon alpha, beta and gamma mRNA as well as Stat1, interferon
gamma receptors 1 and 2; and p38 MAP kinase [74]. This is of interest
in view of the fact that interferon beta is known to interact with the
RANK pathway to modulate osteoclast activity through regulation of
AP1 [104]. However since interferon beta signalling downregulates
osteoclast activity [104] it is currently unclear how this finding of
increased interferon expression ties in with the increased osteoclast
activity in PDB.

Upregulation of the c-fos oncogene has been implicated in the
pathogenesis of Paget's disease in view of its association with
osteosarcoma and because of the fact that expression of c-fos is
increased in Pagetic osteoclasts compared with non Pagetic osteo-
clasts [38]. It now seems possible that this increase in c-fos expression
and the hyper-responsiveness of osteoclast precursors to RANKL, and
1,25(OH)2D3 may be secondary to activation of the RANK-NFκB
signalling pathway as the result of polymorphisms or mutations in
components of this pathway in patients with the disease.

Circulating levels of RANKL and OPG have been measured in
patients with active PDB with variable results. In one study, RANKL
and OPG were found to be elevated in PDB compared with those in
controls with a raised RANKL/OPG ratio [58]. Two other studies
showed raised OPG levels but normal levels of RANKL [2,73].
Following treatment, levels of OPG have been reported to increase
[58,73] or decrease [2] after antiresorptive therapy, whereas RANKL
levels do not appear to change [2,58,73]. It is difficult to know how to
interpret these observations and further studies are clearly required to
gain better understanding of the significance of serum OPG and
RANKL levels in PDB.

Although most attention has focused on a central role for the
osteoclast in PDB, there is good evidence to suggest that bone marrow
stromal cells and osteoblasts are also abnormal. Studies by Demulder
et al. showed that stromal cells from patients with Paget's disease
were better able to support osteoclast formation that those from
controls, indicating that abnormalities exist in the bone micro-
environment as well as in the osteoclast and its precursors [18].
Similar observations have been made in other studies [63,102]. In
keeping with the hypothesis that cells of the osteoblast lineage are
also abnormal in PDB, Naot et al. compared patterns of gene
expression in osteoblasts cultured from patients with Paget's disease
and normal controls and found evidence for increased expression of
IL-1, IL6, DKK1 and alkaline phosphatase in the Paget's cultures [76].
On the basis of these results the authors speculated that secretion of
IL-1 and IL-6 might contribute to stimulation of osteoclast activity in
PDB and Dkk1 might be involved in stimulating osteoblast activity.
Taken together these observations suggest that abnormalities in cells
of both the osteoclast and the osteoblast lineage probably contribute
to the pathogenesis of PDB.

Summary

Tremendous advances have been made in defining understanding
the pathogenesis of PDB in recent years, particularly with regard to
identification of genetic mutations that predispose to the disease.
Much work remains to be done; whilst SQSTM1 mutations are clearly
an important cause of PDB, the mechanisms by which SQSTM1
mutations cause osteoclast activation are poorly understood. It is also
likely that further genes which predispose to PDBwill be discovered in
the future, given the pace of development in human molecular
genetics with techniques such as genome wide association and
massively parallel DNA sequencing [1,41]. When further genes for PDB
are found, the next challenge will be to translate knowledge of disease
pathophysiology to the clinic since PDB remains a morbid condition
which seriously affects quality of life, despite the availability of
antiresorptive therapies which are highly successful at reducing bone
turnover [50].
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