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i Da; Subunit: Homodimer; Subcellular location:
Identity o
Other names: MGC29565; OCIF; OPG; Osteoprotegerin (OPG) was isolated independently by
Osteoprotegerin; TR1 two laboratoriesin 1997 (Tsuda et a., 1997; Simonet et
HGNC (Hugo): TNFRSF11B al., 1997), as being a protein that exhibits a protective

o effect on bone. OPG is a member of the TNF-receptor
Location: 8524.12 superfamily, which consists of proteins that evoke
different signal transduction, mediating several

DNA/ RNA biological responses, such as cytotoxicity, apoptosis
and cell survival, proliferation and differentiation. OPG

Description has two known TNF family ligands. receptor activator
START: 120,004,977 BP from PTER of NF-kB ligand (RANKL) (Yasuda et al., 1998b) and
END: 120,033,492 BP from PTER TRAIL (Emery et a., 1998) (Diagram 1). RANKL
SIZE: 28,516 bases normally binds to its membrane receptor RANK
ORIENTATION: Minus strand inducing differentiation, activation, and survival of
REFSEQ GENOMIC ASSEMBLIES: NC-000008.9 osteoclasts. By binding to RANKL, OPG acts as a
NT-008046.15 soluble inhibitor that prevents RANKL/RANK
Transcription interaction and subsequent osteoclastogenesis (Y asuda

et a., 1998b) (Diagram 1). However, it has been

5 exons; cDNA SIZE 2354 BP (NM-002546); CDS. reported that adso OPG binding to TRAIL inhibits

1206 nt. TRAIL/TRAIL-receptors (TR-R1/R2) interaction, as

Pseudogene revealed by the inhibition of TRAIL-induced apoptosis
] can block the inhibitory activity of OPG on

Proteln osteoclastogenesis (Emery et al., 1998).

Note

RefSeq NP-002537.3; Size: 401 amino acids; 46040

30 nt o 192 nt F&h i 335 nt

Organization of the human OPG gene.
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Diagram 1. Schematic representation of OPG/OPG-ligands and cellular processes inhibited from their interactions.

Diagram 2. Schematic representation of the structure of OPG protein.

Description

OPG comprises 401 amino acids of which 21 are a
signal peptide which is cleaved, generating a mature
form of 380 amino acids. OPG is produced as a
monomer (55-62 kDa), but undergoes
homodimerization and is secreted as a disulphide-
linked homodimeric glycoprotein with four or five
potential glycosylation sites, generating a mature form
of OPG of 110-120 kDa (Y amaguchi et al., 1998). OPG
consists of 7 structural domains, of which the amino-
terminal cysteine rich domains 1 to 4 (D1-D4) are
necessary for binding to RANKL (Schneeweis et al.,
2005) and share some features with the extracellular
domains of other members of the TNF-receptor family
(Diagram 2) (Baker et al., 1998). The carboxy-terminal
portion of the protein contains two putative death
domain homologous regions (D5 and D6). Findly,
domain 7 (D7) harbors a heparin-binding region, a
common feature of peptide growth factors and signal
molecules, as well as an unpaired cysteine residue, at
position 400, required for disulfide bond formation and
dimerization (Diagram 2) (Yamaguchi et al., 1998). It
is the dimeric form of the protein, which has the
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highest heparin-binding capacity and also the highest
hypocal cemic ability.

Expression

OPG is expressed ubiquitously and abundantly in many
tissues and cell types. First of all it is produced from
osteoblasts (Wada et al., 2006), where its expression is
regulated by most of the factors that induce RANKL
expression by osteoblasts. Although there are
contradictory data, in general upregulation of RANKL
is associated with downregulation of OPG, or at least
lower induction of OPG, such that the ratio of RANKL
to OPG changes in favor of osteoclastogenesis. Many
reports have supported the assertion that the
RANKL/OPG ratio is a mgjor determinant of bone
mass (Hofbauer et al., 2004). Concerning the cellular
sources of OPG, it has been shown that besides cells
belonging to the osteoblastic lineage, also bone marrow
stromal cells (reviewed in Theoleyre et al., 2004),
hematopoietic and immune cells (B cells and dendritic
cells) (Tan et a., 1997) produce and release OPG.
Importantly, OPG is also produced by endothelial
(Collin-Osdoby et a., 2001) and vascular smooth
muscle cells (Olesen et al., 2005), which likely
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represent the major contributors to the circulating pool
of OPG. Recent studies on the intracellular localization
of OPG in endothelia cells have indicated that OPG
protein is found in the Weibel-Palade Bodies (WPB), in
physical association with von Willebrand Factor
(Zannettino et a., 2005).

Finaly, OPG is produced by a variety of tissues
including the cardiovascular system (heart, arteries,
veins), lung, kidney, liver, spleen, intesting, stomach
(Simonet et al., 1997; Wadaet a., 2006).

Localisation

OPG, unlike all other receptors of the family, lacks a
transmembrane and cytoplasmic domain and is secreted
as a soluble protein (Yamaguchi et al., 1998). It has
also been detected in a cell surface-associated form
with some cell types (Yun et a., 1998), athough
sequence analysis failed to detect a classica
hydrophobic transmembrane domain.

Function

The best characterized activity of OPG is the inhibition
of osteoclast differentiation and activity (Simonet et al.,
1997; Yasuda et al., 1998a), by binding to RANKL.
Initially, the physiological roles of OPG have been
revealed by studies in OPG knockout mice, produced
by targeted disruption of the gene (Bucay et al., 1998;
Mizuno et al., 1998). OPG (-/-) mice were viable and
fertile, but they exhibited severe osteoporosis caused by
enhanced osteoclast formation and function. These
results have indicated that OPG is a physiological
regulator of osteoclast-mediated bone resorption during
postnatal bone growth.

In the context of vascular system, it has been reported
that exposure of both micro and macro-vascular
endothelial cells to the inflammatory cytokines elevates
OPG expression and release (Collin-Osdoby et a.,
2001; Secchiero et al., 2006), and OPG in turn
promotes leukocyte adhesion (Zauli et a., 2007,
Mangan et al., 2007), acting as a chemotactic factor for
monocyte. These observations strongly support a
modulatory role of OPG in hemostasis, vascular injury
and inflammation, suggesting an involvement of OPG
in the inflammatory functions of endothelial cells, with
endothelium acting as both cellular source and target of
vascular OPG production. In this respect, there are
accumulating data in vitro indicating a role for OPG in
endothelial cell biology and angiogenesis; in particular
in the regulation of endothelial cell survival (Scatena et
a., 2002; Pritzker et a., 2004), stimulation of
endothelial cell growth, as well as the formation of
cord-like structures on amatrigel substrate (Crosset al.,
2006), providing the evidence that OPG may modulate
also endothelial cell migration and differentiation. In
this context, OPG also appears to protect large blood
vessels from medial calcification, based on the
observation of renal and aortic calcification occurring
in OPG knockout mice (Bucay et a. 1998).
Furthermore, the absence of OPG in
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OPG/apolipoprotein  E  double knockout mice
accelerates the calcific atherosclerosis that develops in
apolipoprotein E knockout mice, suggesting that OPG
protects against this complication of atherosclerosis
(Bennett et a., 2006).

Moreover, OPG has also been shown to regulate B-cell
development and function and dendritic cell function
(Yun et a., 1998; Yun et a., 2001), making OPG a
paracrine mediator of both bone metabolism and
immune functions.

Gene Identity (%)
Species Symbol Protein | DNA
Homo sapiens THNFRSF11B

vs. Pan troglodytes THFRSF11B 55 994
vs. Canig lupus familiaris TNFRSF 118 91.§ 592
vs. Bos taurus THFRSF11B 88.5 576
vs. Mus musculus Tnfrsf11b 85.0 34.0
vs. Rattus norvegicus [Tnfrsfl1b 86.5 g4.0
vs. Gallus gallus THFRSF11B 69.6 T

For details see:
http://www.ncbi.nim.nih.gov/sites/entrez?cmd=Retrievedb=hom
ologenedopt=AlignmentScoreslist_uids=1912

Mutations

Note
http://www.nchi.nlm.nih.gov/sites/entrez
TNFRSF11B into dbSNP)

|

11 Esonic variations. For details see:
http://iwww.ncbi.nim.nih.gov/SNP/snp_ref.cgi?locusld=4982

Implicated in

Cancer

Note

A potential role of full-lenght OPG in tumor cell
biology is supported by different studies that have
investigated the OPG serum levels, OPG tissue
expression and OPG polymorphisms in cancer patients.
In fact, it has been shown that the serum levels of OPG
are elevated in a variety of human malignancies, in
particular in patients with more advanced cancer. Of
note, OPG levels were increased in the serum of
patients with prostate or breast cancer metastatized to
the bone (Lipton et al., 2001). Surprisingly, OPG serum
levels were elevated also in other types of tumors,
which do not show a preferential tropism for bone, such
as B cell lymphomas (Lipton et al., 2001), but also in
patients with bladder carcinoma (Mizutani et a., 2004),
where OPG levels were found to be associated with
high tumour stage and grade. After a follow up period
of 5 years, patients who had low serum OPG levels had
alonger post-operative tumour-free interval and

(look for



TNFRSF11B (tumor necrosis factor receptor superfamily, member 11b)

increased survival compared with patients with high
levels of serum OPG (Mizutani et al., 2004), suggesting
that serum OPG correlates with tumour stage and is
aso predictive of early recurrence of bladder
carcinoma.

Moreover, in different studies, it was shown that OPG
is overexpressed in epithelial carcinomas of the
gastroenteric tract (Ito et a., 2003; Pettersen et al.,
2005). In particular, it was reported a significant
correlation between OPG expression and tumor stage,
suggesting that OPG expression may be a marker of
aggressive  gastric  carcinomas. In  addition,
investigation of various human cancers demonstrated
that OPG is highly expressed by endothelia cellsin the
majority of malignant tumors examined (60% of
malignant tumors), although endothelial cells in benign
tumors do not express high levels of OPG. In
particular, in breast cancers endothelia expression of
OPG seems to be associated with increasing tumor
grade (Cross et a., 2006). Taken together, these
observations suggest that the increased levels of OPG
expression may be associated with tumor development
and/or progression.

Finally, a recent study has addressed the possible role
of OPG promoter polymorphisms as genetic modifiers
in the etiology of prostate cancer and disease
progression (Narita et al., 2008). Patients affected by
prostate cancer with TC and TT genotypes in the 950
T/C polymorphism had a significantly increased risk of
extraprostatic and metastatic disease compared with
those with the CC genotype. In addition, analysis of the
metastatic prostatic cancer patients showed that the
presence of the T alele of the OPG 950 T/C
polymorphism was an independent risk factor,
predicting survival by Cox proportiona hazard
regression analyses (Narita et al., 2008).

Vascular diseases

Note

A growing number of experimental data have
demonstrated that the serum levels of OPG are
significantly increased in both diabetic and non-
diabetic patients affected by coronary artery disease
(Jono et a., 2002; Schoppet et al., 2003; Avignon et al.,
2005; Rasmussen et a., 2006), with a strong
association between levels of OPG and the presence
and severity of coronary artery disease (Browner et al.,
2001). Serum OPG levels have shown to have
prognostic value in heart failure after acute myocardial
infarction as well as in patients affected by abdominal
aortic aneurysm and peripheral artery disease (Karan et
al., 2005; Ziegler et a., 2005). Remarkably, two OPG
genetic polymorphisms have been associated with an
increased risk of coronary artery disease in Caucasian
men, and serum OPG levels correlated with one of
these polymorphisms (Soufi et al., 2004). Thus, these
studies strongly indicate that serum OPG levels
frequently risein clinical conditions that favor vascular
dysfunction or atherosclerosis. In this respect, the
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presence of OPG has been documented in
atherosclerotic lesions (Schoppet et al., 2004).
Moreover, in a large observational study, plasma
concentrations of OPG were higher in diabetic than in
non-diabetic subjects, in particular in diabetic patients
with vascular complications (Knudsen et a., 2003),
suggesting that elevated levels of OPG may reflect
vascular damage among patients with diabetes rather
than the diabetic state per se.

At present it is unclear whether OPG plays a
pathogenetic or compensatory role in the vascular
dysfunction and atherosclerosis. However, the ability of
recombinant OPG to enhance the recruitment and
infiltration of monocyte/macrophages (Mosheimer et
al., 2005) is particularly noteworthy in the hypothesis
that an abnorma and prolonged elevation of OPG
levels may be involved in the devolopment of vascular
dysfunction.
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