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Abstract
Vertebral and nonvertebral fractures prevention is the 
main goal for osteoporosis therapy by inhibiting bone 
resorption and/or stimulating bone formation. Antire-
sorptive drugs decrease the activation frequency, there-
by determining a secondary decrease in bone formation 
rate and a low bone turnover. Bisphosphonates are 
today’s mainstay among antiresorptive treatment of os-
teoporosis. Also, oral selective estrogen receptor modu-
lators and recently denosumab have a negative effect 
on bone turnover. Agents active on bone formation are 
considered a better perspective in the treatment of 
severe osteoporosis. Recombinant-human parathyroid 
hormone (PTH) has showed to increase bone formation 
and significantly decrease vertebral fractures in severe 
patients, but with a modest effect on nonvertebral frac-
tures. The study of Wnt signaling pathway, that induces 
prevalently an osteoblastic activity, opens large possibil-
ities to antagonists of Wnt-inhibitors, such as sclerostin 
antibodies and dickkopf-1 antagonists, with potential 
effects not only on trabecular bone but also on cortical 
bone. 
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Core tip: The study of agents active on bone formation 
is the main objective in the treatment of severe os-
teoporosis. rhparathyroid hormone (rhPTH) decreases 
vertebral, but not nonvertebral, fractures. On the con-
trary, antagonists of Wnt-inhibitors, that exert their ef-
fects mostly through a bone remodeling-independent 
mechanism, open new perspectives to improve not only 
trabecular bone but also cortical bone, with potential 
positive effect also on nonvertebral fractures incidence. 
The perspective in osteoporosis treatment should be 
more effective and better tolerated therapies aimed at 
minimizing individually fractures risk.
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INTRODUCTION
Osteoporosis is an emerging medical and socioeconomic 
threat characterized by a systemic impairment of  bone 
mass, strength and microarchitecture, which increases the 
propensity of  fragility fractures[1]. Osteoporosis results 
by a dysfunction of  physiological bone turnover and cells 
in bone by endocrine and/or autocrine/paracrine factors 
(Figure 1), negatively affecting peak bone mass and/or 
skeletal homeostasis. Patient with osteoporosis show a 
higher propensity to spine and femur fractures, even if  
other bones could be also involved.

Osteoporotic fractures of  the hip and spine increase 
mortality and are related to important medical complica-
tions that, such as pneumonia or thromboembolic disease 
due to chronic immobilization with a negative economic 
impact on public health[2].

Osteoporosis is considered a global public health 
concern and result to have great socioeconomic bur-
den[3], worthy to be addressed in an evidence-based and 



cost-effective manner[4-6], taking into account several risk 
factors[7]. Taking into account these preliminary consider-
ations is resulting that osteoporosis therapy is considered 
an important field of  study where to converge most of  
the efforts. 

Osteoporosis therapy should prevent both vertebral 
(mostly dependent on trabecular bone density and archi-
tecture) and nonvertebral (mostly dependent on cortical 
thickness and porosity) fractures. This could be achieved 
by inhibiting bone resorption and/or by stimulating bone 
formation.

Bone remodeling or modeling activity is different 
between cortical and trabecular bone sites and this differ-
ence could mostly explain the relative lack of  efficacy of  
antiresorptive drugs on nonvertebral fractures since their 
effect is higher on trabecular than cortical bone.

Bisphosphonates are the most prescribed drugs for 
osteoporosis treatment. They have a high affinity for 
bone and inhibit bone resorption reducing fracture risk. 
Alendronate, risedronate, and zoledronate were shown to 
reduce the risk of  new vertebral, non-vertebral, and hip 
fractures[8-12], showing a prevalent effect on axial with re-
spect to appendicular skeletal site, a relative risk reduction 
of  50% for spine vs 20%. Although, long term treatment 
with bisphosphonate has been associated with a potential 
risk of  osteonecrosis of  the jaw and of  atypical subtro-
chanteric femoral fractures, their use for at least 10 years 
has shown good safety[13,14]. 

Raloxifene, bazedoxifene and subcutaneous denosum-
ab, a human monoclonal antibody that inhibits RANKL, 
have showed convincing evidences to reduce osteoporot-
ic fractures. Raloxifene have a positive effect on vertebral 
fracture and on breast cancer risk worsening the throm-
botic risk[15,16]. Denosumab, instead, reduced vertebral, 
non-vertebral and hip fracture risk in postmenopausal 
women with osteoporosis by the same order of  mag-
nitude as bisphosphonates without significant adverse 
events[17]. A particular behavior seems to have strontium 
ranelate (SR), which has a double effect, anabolic, induc-
ing an increase of  osteoblast activity, and at the same 
time antiresorptive, inhibiting osteoclasts activity[18]. In a 
recent meta-analysis Kanis et al[19] reported positive effect 

on clinical and morphometric vertebral fractures. Since 
SR has shown to have a reduced safety in patients with 
venous thromboembolism and ischaemic heart diseases, 
such a drug should not be administered to patients with a 
higher risk of  atherothrombotic events.

In synthesis, antiresorptive drugs reduce the activation 
frequency, acting mostly on osteoclast and only indirectly 
on osteoblast activity, with e final slight gain in trabecular 
bone mass. 

Anabolic therapies, instead, directly stimulate bone 
formation through activation of  bone modeling, inde-
pendently of  resorption activity, suggesting a potential 
positive effect on non-vertebral other than vertebral frac-
tures.

In Figure 2 are reported the two main bone anabolic 
pathways: one linked to parathyroid hormone (PTH) sig-
naling and the second dependent on canonical wingless-
int (Wnt) signaling (Figure 2). The main difference 
between this two pathways is that Wnt-signaling acts 
increasing bone mass independently of  bone remodeling, 
as it does PTH induces an increase of  osteoblastic and 
osteoclastic activity. This could explain why PTH shows a 
closer therapeutic windows.

PTH 
The secretion of  human PTH, an 84-amino acid peptide, 
by parathyroid cells is closely controlled by serum cal-
cium levels through the calcium-sensing receptors (CaSR). 
This hormone plays an important role in calcium homeo-
stasis. PTH determines an increase of  serum calcium by 
mobilization of  skeletal stores, increasing intestinal and 
renal calcium absorption[20]. When PTH is administered 
by intermittent subcutaneous via, it has an anabolic effect 
on bone, influencing osteoblastic activity directly and in-
directly with the regulation of  some growth factors[21].

To date, injectable forms of  recombinant-human 
PTH (rhPTH) are the only approved osteoanabolic drugs 
on the market for the treatment of  osteoporosis. It ex-
ists an intact form (rhPTH 1-84) and an other bioactive 
N-terminal 34-amino acid fragment rhPTH 1-34 (teripa-
ratide). rhPTH showed a higher effects on trabecular 

248 July 18, 2014|Volume 5|Issue 3|WJO|www.wjgnet.com

Montagnani A. Update on anabolic therapy of osteoporosis

Bone formation

Bone resorption

Osteoblasts
Activated osteoclast

Figure 1  Osteoblasts and osteoclasts are close related in determining bone formation and bone resorption (bone turnover) that maintain the quantitative 
and qualitative characteristics of bone.



bone reducing more the relative risk of  vertebral than 
nonvertebral fractures, confirming that rhPTH has a 
prevalent effect on trabecular rather than on cortical 
bone[22].

Osteoblasts, activated by rhPTH, produce several 
paracrine factors, which in turn stimulate osteoclast activ-
ity. This, when the rhPTH intermittent treatment is pro-
longed, could enhance activation frequency and thereby 
increase bone resorption. Although the initial net effect 
is positive with a gain of  trabecular bone mass, the ana-
bolic effect could show a plateau curve when the treat-
ment is prolonged beyond two years[22]. Such limit could 
be overcome by a co-administration of  an antiresorptive 
drug able to limit the rhPTH-activated bone resorption. 
Some experiences did not report consistent evidence that 
confirm such hypothesis[23,24], however, a recent study has 
reported that one single administration of  zoledronic 
acid combined with daily sc injections of  rhPTH could 
reduced fracture risk in patients with a high risk profile[25]. 
On the other hand, sequential administration of  antire-
sorptive drugs after rhPTH is already an established treat-
ment protocol that limit bone resorption after withdraw 
of  rhPTH treatment[26].

Although, rhPTH is usually well tolerated, some ad-
verse effects, such as hypercalcemia, nausea, headache, 
dizziness, and leg cramps, could be associated to rhPTH 
treatment with a lower risk of  hypercalcemia for the 
rhPTH 1-84[26]. 

To improve the rhPTH safety profile some attrac-
tive options for the alternative delivery have been tested. 
One is transdermal self-administration using coated mi-
croneedle patches[27] whereas other are inhaled and oral 
delivery[28]. In the first case PTH interestingly showed an 
increased of  trabecular bone to the same extent whereas 
the gain of  total hip BMD was much greater than those 
obtained with sc administered rhPTH 1-34[27]. Oral and 
inhaled administrations are being investigated in phase Ⅰ 
studies, showing interesting data.

Since rhPTH use is limited by a low effect on non-
vertebral fractures, by the osteoclasts activation and by 
the loss of  efficacy in a prolonged treatment, it seems to 
need to search new molecule which show a better profile.

PTH RELATED PEPTIDE 
PTH related peptide (PTHrP) shows a similar sequence 
to PTH in its first 36 amino acids and activates PTH1R. 
In rats and in humans PTHrP has demonstrated similar 
effect to rhPTH on bone mass, improving mechanical 
strength of  bone tissue in rats[29]. However, PTHrP ap-
peared to stimulate only bone formation as a pure bone 
anabolic agent; as showed by bone turnover markers vari-
ations with an increase of  bone formation markers, such 
as osteocalcin and P1NP associated to unchanged levels 
of  bone resorption markers[30]. In a phase 2 study the ad-
ministration of  PTHrP in postmenopausal women deter-
mined an 4%-5%/year increase of  BMD without serious 
adverse effects[31]. On this basis, some phase 3 studies are 
ongoing and could give further information on efficacy 

and safety of  this interesting molecule, namely in com-
parison with PTH (www.clinicaltrials.gov).

CALCILYTIC AGENTS
PTH is synthesized and secreted by parathyroid glands 
cells expressing on their surface calcium-sensing receptor 
(CaSR). Serum low levels of  Ca2+ determine a low bond 
with CaSR decreasing its activity, and in turn stimulating 
PTH release. On the contrary, activation of  the CaSR de-
creases PTH synthesis and secretion[32]. 

Antagonists of  the CaSR bind and inhibit the recep-
tor determining a short pulse of  PTH secretion. A rapid 
increase of  PTH secretion followed by rapid normaliza-
tion should cause an anabolic effect in bone. Unfortu-
nately, calcilytics, considered a new class of  bone-forming 
agents, have showed an unfavorable pharmacokinetics[33]. 
In fact, a close therapeutic window between the effect 
on bone and hypercalcemia, the fact that CaSR are also 
expressed in other organs besides the parathyroid glands 
and finally, that together to PTH other products, with 
potential negative effects on PTH secretion itself, repre-
sent actual limits to use of  these new anabolic drugs[34]. 
Although the mechanism of  action, calcilytics remain an 
interesting opportunity for treatment of  a reduced bone 
mass. However, these drugs are worthy of  furthers stud-
ies to clarify their role in osteoporosis therapy.

ANTAGONISTS OF WNT-INHIBITORS
In the last decade, some genetic study of  the low-density 
lipoprotein receptor-related protein 5 (Lrp5) associated 
to low or high bone mass, suggested a potential role of  
the Wnt pathway as an important player influencing bone 
mass and as possible target to the PTH signaling pathway 
(Figure 2).

To date two endogenous inhibitors of  the Wnt/
β-catenin pathway specific to bone have been known: 
sclerostin (SOST) and dickkopf-1 (dkk1). These molecule 
inhibit Wnt signal stopping β-catenin degradation and 
osteoblast differentiation. When SOST and dkk1 are 
blocked by specific antibodies bone formation increases 
with an anabolic effect.

Binding of  Wnt to Lrp5/6 prevents the phosphory-
lation and the proteasomal degradation of  β-catenin, 
stimulates the production of  osteoprotegerin (OPG), 
an osteoblast-derived inhibitor of  osteoclast differentia-
tion[35] that acts by binding to RANKL and preventing it 
from binding to its receptor, RANK.

The fact that Wnt signaling pathway is blocked by 
endogenous inhibitor factors, represents an important 
opportunity in the field of  osteoporosis therapy.

Sclerostin antibodies
Sclerostin expression is prevalently restricted to late os-
teoblasts and osteocytes[36], and therefore could represent 
a favorable target of  osteoporosis treatment. In studies 
in animals, SOST antibodies significantly improved the 
healing of  fractures with an increase in bone formation, 
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ing. Its neutralization by antibodies is still limited to pre-
clinical trials which have showed an inhibited bone loss 
in a model of  rheumatoid[41] and the prevention of  the 
formation of  osteolytic lesions with an increased bone 
formation rate in a myeloma model[42].

These antibodies could also play a role in the treat-
ment of  diseases characterized by a low bone mass, first 
of  all osteoporosis. Some concerns may exist about the 
possibility that Dkk1 is less selective for bone than SOST 
with possible more off-target effects.

The possibility to induce the Wnt signaling pathway 
is a very promising, however, some doubt exist regarding 
possible important adverse-effects, namely oncogenic ef-
fects and a possible uncontrolled process of  bone forma-
tion with important neurological consequences at cranial 
and spine levels. Therefore, a particular attention must be 
taken in long-term use of  Wnt antagonists inhibitors.

OTHER POTENTIAL ANABOLIC AGENTS
Activin antagonists
Activin A, a transforming growth factor-β (TGF-β) su-
perfamily member, has showed to be an antagonist to hu-

bone mass, and bone strength[37]. Similar findings were 
made in sclerostin knockout mice and in ovariectomized 
rats treated with sclerostin antibodies[38].

The first human phase Ⅰ clinical trial, studying a hu-
manized monoclonal sclerostin antibody in healthy men and 
postmenopausal women, showed that this new compound 
had effects on bone formation and resorption after a single 
month similar to those showed by rhPTH after 6 months, 
but with greater effects on bone mass than rhPTH[39]. Such 
data are, then confirmed, in a phase II study in more than 
400 postmenopausal osteoporotic women who showed a 
significantly increase in BMD at the lumbar spine compared 
with placebo and teriparatide[40]. 

Antagonists to inhibitors of  the Wnt pathway have 
show to have positive effect on osteoblast activity regard-
less of  osteoclasts and bone resorption. This their char-
acteristic may be useful not only in osteoporosis but also 
in other pathologic conditions, such as bone repair after 
fracture and in low bone turnover diseases.

Dkk1 antagonists
Dkk1 is a further endogenous inhibitor of  Wnt signal-
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Figure 2  Signaling and cross talk of the parathyroid hormone and Wnt signaling pathways in the late osteoblast (osteocyte). Parathyroid hormone (PTH) 
binds to its seven-transmembrane-spanning receptor and activates phosphatidyl inositol-specific phospholipase C (PLC), cAMP-dependent protein kinase A (PKA), 
and the protein kinase C (PKC) downstream signaling cascades, all contributing to the bone anabolic effect of PTH. In the late osteoblast activation of the canonical 
Wnt signaling pathway occurs upon simultaneous binding of the secreted glycoprotein Wnt3a to the seven-helix-receptor frizzled (Fz) family and the coreceptors Lrp 
5/6. Binding of Wnt3a to Lrp5/6 changes the conformation of the cytoplasmic receptor domain, causing the recruitment of Axin2. β-Catenin accumulates in the cytosol 
and translocates into the nucleus, thereby stimulating the expression of the Lrp5/6 antagonists dickkopf-1 and sclerostin, and the RANKL inhibitor osteoprotegerin. 
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man osteoblast differentiation[43] and to induce osteoclast 
formation and bone resorption[44]. On this basis, an an-
tagonist of  activin should shift the balance of  bone turn-
over in favor of  bone formation. In fact, as showed by a 
phase I trial, using an activin antagonist increased mark-
ers of  bone formation[45] of  similar extent determined by 
rhPTH or antagonists of  Wnt signaling inhibitors.

Agonists of prostaglandin 
Some evidence indicate that prostaglandin E2 (PGE2) 
play a role in bone metabolism by stimulating bone turn-
over with a prevalence of  bone formation and thereby 
an increasing bone mass and bone strength[46]. A study in 
OVX rats animal models has showed that a subcutaneous 
administration of  PGE2 E4 receptor agonist stimulates 
bone formation by increasing osteoblast recruitment 
activity on periosteal, endocortical, and trabecular sur-
faces[47]. The PGE2 effect seems to be present on both 
smooth and scalloped endocortical and trabecular sur-
face, suggesting an effect both on bone modeling and 
remodeling-dependent bone formation.

Statins
Statins have a well-know hypocholesterolemic effect by 
reducing 3-hydroxy-3-glutaryl-coenzyme A (HMG-CoA) 
reductase activity. However, the blocking of  such enzyme 
causes the depletion of  farnesyl diphosphate or geranyl 
diphosphate synthesis and in turn the reduction of  pro-
tein prenylation, which plays a role in bone cells activity 
by preventing the post-translational modifications of  
small GTPases. 

However, the main proposed mechanism by which 
statins stimulate bone formation involves an increase in 
expression and synthesis of  BMP-2[48] and osteocalcin[49]. 

Evidence regarding the effects of  statins on BMD[50,51] 
and fracture risk are not completely consistent but do 
suggest the anabolic potential of  these drugs. In fact, a 
meta-analysis conclude that statins reduce hip fracture 
risk and, to a lesser extent, nonspine fracture risk[52].

Unfortunately, statin shows a high affinity for the liver 
and only very low concentration reach the bone as po-
tential target. Therefore, to overcome the liver first-pass 
effect, statins would be administered in a suitable delivery 
system aimed to allow the major concentration in frac-
ture sites. In such sense, a perspective could be a differ-
ent copolymerization with ethylene glycol that covalently 
incorporates into hydrogel networks[53] or a different 
administration route, as a transdermal application, which 
bypasses the first-pass liver effect[54].

Insulin-growth-factor I and proline-rich tyrosine kinase 
2
Administration of  insulin-growth-factor Ⅰ (IGF-Ⅰ) 
determines an increase of  bone mass with an anabolic 
effect by inducing bone remodeling both in healthy and 
in subjects with GH deficiency or IGF-Ⅰ deficiency[55]. 
Although, recombinant human IGF-Ⅰ is used currently 
for the treatment of  short stature genetic syndromes 

secondary to caused by mutations of  the GH receptor or 
the IGF1 gene, the long-term efficacy and safety of  IGF-
Ⅰ in patients with osteoporosis remain to be determined.

An interesting suggestion to identify a novel future 
anabolic therapy of  osteoporosis seems to come from 
the study of  marrow cultures from the proline-rich tyro-
sine kinase 2 (PYK2)-null mice, which showed enhanced 
osteogenesis[56]. Blocking PYK2 activity may be hypoth-
esized to have an osteogenic effect also in humans. How-
ever, no evidence for such effect in humans has been 
reported and therefore up to date, this remains only an 
interesting field of  study.

CONCLUSION
All antiresorptive drugs share a minor effect on nonverte-
bral fracture and this remains the biggest limit of  severe 
osteoporosis therapy inducing an important research to 
identify an agent able to induce bone formation rather 
than block resorption[57]. 

To date, only some drugs have demonstrated to 
have an anabolic effect on bone; one of  these, rhPTH, 
increases bone formation and significantly decreases ver-
tebral fractures in severe patients, but it is less effective 
on nonvertebral fractures, probably because rhPTH ac-
tion is mostly based on bone remodeling, that induces an 
increase both osteoblasts and osteoclasts activity. On the 
contrary, the agents influencing Wnt signaling pathway, 
mostly linked to a bone remodeling-independent mecha-
nism (modeling-based), prevalently affect osteoblastic 
activity, thereby with a major improvement of  trabecular 
than cortical bone. This action may be thought that An-
tagonists of  Wnt-inhibitors may reduce the incidence of  
nonvertebral other than of  vertebral fractures.

In the next years, several clinical trials could give fur-
ther data making available more effective and better toler-
ated therapies allowing tailor-made approaches aimed at 
minimizing individually fractures risk.
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