REVIEW ARTICLE

Drugs for the management of
OSteoporosis: a review

Deepak Kumar Khajuria', Rema Razdan?, D.Roy Mahapatra®

ABSTRACT

Osteoporosis is characterized by low bone mass with micro architectural deterioration of bone tissue leading to enhance
bone fragility, thus increasing the susceptibility to fracture. Osteoporosis is an important public health problem leading to
an increased risk of developing spontaneous and traumatic fractures. In India osteoporotic fractures occur more commonly
in both sexes, and may occur at a younger age than in the western countries. Although exact numbers are not available,
based on available data and clinical experience, 36 million Indians may be affected by osteoporosis by 2013. This would
be associated with enormous costs and considerable consumption of health resources. Pharmacological therapies that
effectively reduce the number of fractures by improving bone mass are now available widely in markets. At present most
drugs available in the markets decrease bone loss by inhibiting bone resorption, but the upcoming therapies may increase
bone mass by directly increasing bone mass as is the case of parathyroid hormone. Current treatment alternatives
include bisphosphonates, calcitonin, selective estrogen receptor modulators and inhibitors of RANK pathway but suf-
ficient calcium and vitamin D are a prerequisite. Newer osteoclast targeted agents like cathepsin K and c-src kinase are
under clinical development. The therapies which target osteoblasts include the agents acting through the Wnt-f3 catenin
signaling pathway like Dkk-1 inhibitors and sclerostin antagonists. To further improve pharmacological interventions

and therapeutical choices in this field, improvement of knowledge is very necessary.
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INTRODUCTION

Osteoporosis is a multifactorial progressive skeletal disorder
characterized by reduced bone mass and deterioration of bone
microarchitecture, predisposing it to increased fracture risk.!
The capacity of bone to resist mechanical forces and fractures
depends not only on the quantity of bone tissue but also on its
quality.? Osteoporosis is called a “silent disease” because it
progresses without symptoms until a fracture occurs. Because
of larger skeletons and no period of rapid hormonal change os-
teoporosis progresses more slowly in men than in women.* The
fractures caused by osteoporosis have a great impact on public
health, as they are often associated to increased morbidity,
mortality and high economic cost. Thus, in the last two decades

pharmacological and non-pharmacological treatment (usually
based on physical exercise) options have been largely devel-
oped to reduce the risk of fractures in osteoporotic patients.'
At present there are many therapies available for the
treatment of osteoporosis, but the existing therapies have
certain issues including efficacy and long term safety issues.
Estrogen role for the maintenance of bone integrity was recog-
nized early on, but estrogen therapy has several non-skeletal
adverse consequences including vascular events and breast
carcinoma.* Hormone replacement therapy was recommended
to prevent osteoporosis. However, widespread use of parathy-
roid hormone (PTH) is limited because of its cost, the need
for daily injections and prolonged use.’ Selective estrogen
receptor modulators (SERMs) have many potential uses, and
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are currently approved for postmenopausal women with or at
risk for osteoporosis. The safety profile of these agents is thus
of great interest. Both tamoxifen and raloxifene are associated
with a two to three fold increase in venous thromboembolic
events. Lesser adverse events that are causally related to
these drugs include leg cramps and an increase in reports of
hot flashes.® Problems with side effects and in demonstrating
efficacy to reduce fractures have prevented other SERMs,
such as arzoxifene, from continuing toward approval.” From
longtime osteoporosis therapeutics have been dominated by
anti-resorptive agents like bisphosphonates but their anti-fracture
efficacy is found to be very less than desired. According
to the evidences available it is found that they can reduce
fracture risk by only 50%.% Also, all of these anti-resorptive
agents have to be given on a long term basis. Hence there
are issues of safety and compliance. Osteonecrosis of the jaw
(ONJ) is an uncommon adverse reaction seen with high dose
intravenous bisphosphonate therapy.” Consequently, there is
a definite need to improve upon the existing therapies and to
develop newer agents which will be useful in the prevention
as well as treatment of osteoporosis in the future. The aim
of this paper is to describe the current status of osteoporosis
in India, osteoporosis pathology, the most used therapies for
osteoporosis and their clinical implications, the newer agents
under clinical development and emerging therapies for the
treatment of osteoporosis.

Osteoporosis in India
The population of India is expected to increase to 1,367 million
by 2020 and 1,613 million by 2050; of which 9.8% (134 mil-
lion) and 19.6% (315 million), respectively, will be adults over
60 years.!” These staggering numbers give some idea of the
population at risk for osteoporosis in India in the years to come.
Osteoporosis is becoming a serious problem for the public
economy and health, because of the increase in elderly popula-
tion in the near future. Conservative estimates in a study suggest
that 20% of women and about 10-15% of men are osteoporotic
in India." Another highly conservative estimate by a group of
experts suggested that 26 million Indians suffer from osteopo-
rosis, and this number is expected to reach 36 million by 2013."
In developing countries like India hip fractures are a major
health problem. Hip fractures cause mainly physical impair-
ment and mortality in the elderly patients.!> A survey carried
out by the Indian Society for Bone and Mineral Research
(ISBMR) among orthopedic surgeons across the country,
revealed that in government hospitals about 80%-85% hip
fractures are surgically treated whereas in private hospitals
almost 100% receive surgical treatment. In government
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hospitals the direct cost for surgical treatment to the patient is
approximately 150 USD (the cost for the prosthesis), whereas
in private hospitals the direct cost for surgical treatment is
about 2,500-3,000 USD."?

Nutritional factors

Despite abundant sunshine, vitamin D deficiency is widespread
in India. A recent International Osteoporosis Foundation (IOF)
report on the global status of Vitamin D nutrition highlights
South Asia, especially India, as one of the most deficient regions.
This is due to factors such as skin pigmentation, clothing habits
and absence of vitamin D fortification."* Also in India calcium
intakes are also far below western recommendations.' Thus, low
vitamin D level and low calcium intake seem to be major con-
tributing factors to poor bone health and osteoporosis in India.
Differently, in other developed countries (USA and Canada), the
Institute of Medicine (IOM) of the United States has recently
reviewed the vitamin D and calcium intake recommendation.
In this report it is recognized that the majority of American
and Canadian citizens get enough vitamin D and calcium.'
Confusion about the amount of vitamin D necessary to avoid
deficiency has arisen in recent years, as tests that measure lev-
els in patient’s blood have become widely used. Poor sunlight
exposure, skin pigmentation and vitamin D-deficient diet are
some obvious causes for this finding. Atmospheric pollution has
also been suggested as a contributor to vitamin D deficiency in
both urban and semi-urban Indians, postmenopausal women,
pregnant women, specifically school children and newborns.

Diagnosis

For diagnosing osteoporosis, dual energy X-ray absorptiometry
(DXA) became available in India only in 1997, subsequently
several other hospitals/institutions acquired DXA in the past
couple of years.!' Quantitative ultrasound (QUS) measurement
of the calcaneus (heel) for determination of bone density is in
use since 1984. Radiogrammetry is the geometric measure-
ment of bone dimensions on high resolution radiographs. A
study available in the abstract form has reported normative
reference database for Indian men and women using digital
X-ray radiogrammetry (DXR) in a cohort of 262 women and
172 men."” Biochemical markers of bone turnover are not yet
freely available in Indian markets.'s

Pathophysiology of bone loss

Bone resorption takes place through the action of osteo-
clast cells, which resorbs the bone matrix by secreting
hydrochloric acid, which dissolves calcium phosphate,
and enzymes such as collagenase and other proteases.
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Figure 1

A model of the effects of estrogen deficiency on bone loss. PGE2: Prostaglandin E2, OPG: Osteoprotegerin, MHC 1I: Major
histocompatibility complex class Il molecules; RANKL: Receptor activator of nuclear factor-Kb Ligand; TNFa: Tumor necrosis
factor; IFN-y: Interferon; IL: Interleukin; PTH: Parathyroid hormone.

After the action of osteoclast cells at the bone resorption
site, osteoblast cells synthesize new bone.'*?° The organic
component of the bone matrix, which is mainly composed
of Type-I collagen fibers, is produced by Osteoblast cells.
Osteonectin, sialoproteins and osteocalcin are the three
important proteins secreted by osteoblast cells that are
incorporated into the bone matrix. Two stages of mineral-
ization mediated by osteoblasts then follow, firstly between
the collagen fibrils hydroxyapatite crystals get deposited.
In this process of mineralization alkaline phosphatase lo-
cated on the membrane of osteoblast plays very important
role. In the second stage deposition of additional minerals
occurs on the bone resorption site. >3-

Estrogen is another systemic hormone with direct effects
on bone and playing an important role in osteoporosis. In
postmenopausal women, deficiency of estrogen leads to an
up regulation of RANKL on bone marrow cells, which is
an important determinant of increased bone resorption,*
whereas estrogen itself stimulates OPG production in os-
teoblasts and thus exerts anti-resorptive effects on bone.”’
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Extra skeletal effects of estrogen deficiency are mainly
based upon increased renal calcium excretion and decreased
intestinal calcium absorption.?®3° Estrogen deficiency also
cause a continuous increase in serum parathyroid hormone
(PTH) levels. 3!

The production of many different cytokines and other
inflammatory mediators, such as interleukin (IL)-1, IL-6,
TNF-o, and prostaglandin E,, are involved in the patho-
genesis of osteoporosis. Nevertheless, it is also known that
estrogen treatment increases the production of insulin-like
growth factor-1 (IGF-1) and transforming growth factor
(TGF)-B by osteoblastic cells.**** More recent studies deal
with the effects of estrogen deficiency on T cell function.
It was demonstrated that estrogen withdrawal results in
increased production of IL-7, leading to T cell activation
accompanied by an increased production of interferon (IFN)-y
and TNF-a by T cells.’>3* One major action of IFN-y is the
up regulation of major histocompatibility complex (MHC)
class II molecules on antigen presenting cells. This leads
to a further activation of T cells, which now produce more
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RANKL and TNF-a. As already mentioned, these two cyto-
kines have a pronounced osteoclastogenic activity. The effects
of IFN-y on bone metabolism are scientifically challenging, as
IFN-y acts as pro-osteoclastogenic cytokine in the context of
ovariectomy,’” whereas it is regarded as antiosteoclastogenic
in general (Figure 1).3

Current therapies for osteoporosis
and their clinical implications

Calcium and vitamin D

As a combination therapy, calcium and vitamin D is the ac-
cepted baseline treatment for osteoporosis. In a three year
clinical study, supplementation with calcium and vitamin
D, reduced the risk of hip fractures and other non-vertebral
fractures among elderly women and also a significant benefit
was seen after 18 months.** For elderly patients treatment with
Vitamin D may have additional benefits, because vitamin D
therapy increases muscle strength and thus may reduce the
possibility of fractures. 4!

The problem of calcium deficiency in senile osteoporotic
patients can be corrected by administration of Vitamin D, which
facilitates calcium absorption, but such treatment alone may
increase risk of hypercalcemia and hypercalciuria. It has been
reported earlier in many studies that bisphosphonates may
cause hypocalcemia. Different mechanisms of Vitamin D and
bisphosphonates suggest that a combination therapy of these
agents may be very effective in improving calcium homeostasis
and bone mass in patients with osteoporosis.*?

Bisphosphonates

The most commonly prescribed drugs are bisphosphonates
which are used to treat osteoporosis in the US and many
other countries including India. Alendronate, a once daily oral
medication, was the first bisphosphonate to be approved for
treatment of osteoporosis in the US in 1995. Since that time,
newer bisphosphonates with less frequent dosing intervals have
been introduced, partially in an attempt to improve compliance.
Risedronate is an oral medication that can be administered
daily, weekly, or monthly at varying doses. Zoledronic acid is
the newer medication which is administered once yearly by
intravenous transfusion.®

Bisphosphonates bind to hydroxyapatite crystals and
thus have a very high affinity for bone. Bisphosphonates
are released from the bone matrix upon exposure to acid
and enzymes secreted by an active osteoclast.***> Out of
all bisphosphonates, zoledronic acid has the highest af-
finity for binding to the bone mineral matrix followed
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by pamidronate > alendronate > ibandronate > risedronate >
etidronate > clodronate.* Bisphosphonates with higher affinity
like zoledronic acid bind avidly to the bone surface, but spread
through bone slowly whereas lower affinity agents like clodronate
distribute more widely through the bone, but they have shorter
time of residence when the treatment is stopped. Suppression of
bone resorption occurs within approximately three months of
initiation of oral bisphosphonate therapy regardless of dosing
frequency, but it is more rapid after intravenous administration.
After three years of treatment, bisphosphonates have shown to
increase BMD of the hip by 3%-6% and at the spine by 5%-8%.
In women with osteoporosis zoledronic acid, alendronate and
risedronate also reduced nonvertebral fractures by 25%-40%,
including hip fractures by 40%-60%.%

Some important adverse events associated
with bisphosphonates therapy

Orally administered bisphosphonates may cause irritation in
the esophagus. It is recommended to swallow oral bisphospho-
nates with full glass of plain water on arising in the morning,
remaining upright for at least 30 minutes after swallowing the
tablet and discontinuing the drug promptly if esophageal symp-
toms develop. Rapid intravenous administration of parenteral
bisphosphonates may cause renal toxicity. For patients with
creatinine clearance less than 30-35 mL/min, use of parenteral
bisphosphonates is not recommended.*

Osteonecrosis of the jaw

FDA received reports of several patients with cancer, who were
treated with zoledronic acid, who unexpectedly developed os-
teonecrosis of the jaw (ONJ).*’ In a clinical study reported by
Bamias et al.,*® among 252 patients with various malignancies
treated with bisphosphonates 17 developed ONJ. The incidence
of ONJ increased with time of exposure to the drugs. In another
clinical study Marx reported on a series of 36 patients with ONJ
who were treated with pamidronate or zoledronic acid.* There
is higher risk of ONJ in cancer patients who are treated with
intravenous bisphosphonates.® There is a seven fold increased
risk for developing ONJ in the patients with the history of
inflammatory dental diseases.”' Bone imaging techniques may
be used for the early identification of ONJ.*® Some important
preventive measures for bisphosphonates-related ONJ include:

1. A routine clinical dental examination before initiating
bisphosphonate therapy.

2. Postponing the bisphosphonate therapy until the dental
treatment has been carried out. '

Rev Bras Reumatol 2011;51(4):365-82



Atrial fibrillation

In a double-blind, placebo-controlled trial, cases of serious atrial
fibrillation occurred more frequently in the zoledronic acid
group, this was the first indication that intravenous bisphospho-
nates may cause atrial fibrillation.* Another clinical study carried
out in America, reported that the risk of atrial fibrillation was
greater among women who were treated with alendronate than
the women who never used this drug.> In contrast, a popula-
tion based case-control study carried out in Denmark found that
the use of bisphosphonates does not increase the risk of atrial
fibrillation.> Thus, there is some data potentially linking prob-
able association of past bisphosphonate use with an increased
risk of atrial fibrillation as a serious adverse event. However
the available information does not reveal a consistent associa-
tion. At the present time, the US Food and Drug Administration
(FDA) recommends that physicians do not alter their prescribing
patterns for bisphosphonates while it continues to monitor post
marketing reports of atrial fibrillation in such patients.*’

Atypical fractures

Concerns have been raised about potential over suppression
of bone turnover during long-term use of alendronate. Patients
on long-term treatment with alendronate suffered unusual
non-spinal fractures,® with severely suppressed bone turn-
over and metadiaphysial femoral stress fractures, and it was
speculated that the patients suffering from these fractures may
have osteoclasts genetically susceptible to over-suppression
by the bisphosphonates.®® This is thought to be due to long
term over suppression of bone turnover leading to impaired
bone remodeling, accumulation of micro damage in bone and
increased skeletal fragility.®% These fractures are typically
associated with prodromal pain in the region of the fracture
and are frequently bilateral; characteristic radiographic findings
include cortical hypertrophy, a transverse fracture pattern, and
medial cortical spiking.® Patients on long-term bisphosphonate
therapy should be instructed to consult orthopedic surgeon, if
they are experiencing pain or discomfort in the region of the
upper thigh or the groin.

Long-term studies with bisphosphonates

In many placebo-controlled trials of 3 and 4 years duration,
bisphosphonates have demonstrated anti-fracture efficacy.
Fractures reduced within 6 to 12 months of starting therapy
with bisphosphonates like zoledronic acid and risedronate.
A sustained effect for risedronate has been shown through 5
to 8 years. Besides, 10 years data with alendronate indicated
good tolerability and safety. Bisphosphonates accumulated in
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the bone creates a reservoir leading to continued release from
bone for months or years after treatment is stopped. Clinical
studies carried out on risedronate and alendronate suggest that
if treatment is stopped after 3 to 5 year, there is persisting anti-
fracture efficacy, at least for 1 to 2 years. Even after patients
stop taking the medication beyond that period, the presence of
the medication in the bones continues to keep them healthy and
strong. Watt and Diab recommended a drug holiday after 5 to
10 years of bisphosphonate treatment. Treatment duration and
holiday length are based on fracture risk and pharmacokinetics
of the bisphosphonate used. Patients at mild risk might stop
treatment after 5 year and remain off as long as bone mineral
density is stable and no fractures occur. Patients at higher risk
should be treated for 10 years, have a holiday of no more than
1 to 2 years, and during the drug holiday period these patients
must be on a non bisphosphonate treatment.*

Calcitonin

Another antiresorptive agent approved for treatment of os-
teoporosis is calcitonin. Calcitonin acts like the endogenous
form of the hormone on the calcitonin receptor on osteoclasts
to decrease their activity. Out of all recombinant or synthetic
calcitonins that have been used for medical purposes, the
salmon calcitonin preparation (SCT) is the most widely used.*
SCT as a nasal spray is the most commonly used calcitonin
formulation due to its convenience of administration. In 1995
SCT was approved in US as a nasal spray for the treatment of
postmenopausal osteoporosis.* Clinical trials of SCT nasal
spray, taken at a dose of 200 IU/day, have demonstrated a
20% decrease in biomarkers of osteoporosis, a small effect
on BMD in the spine (1%-2% increase),*” but a 36% reduced
incidence of vertebral fractures in women with pre-existing
vertebral fractures.” No consistent effect on non-vertebral or
hip fractures has been demonstrated. An oral SCT preparation
is currently in development for clinical use.** As a desirable
additional effect, calcitonin has been noted to reduce the pain
of clinical vertebral fractures.®

Selective estrogen receptor modulators
Conformational changes of the estrogen receptors are blocked
by selective estrogen receptor modulators (SERM) such as
raloxifene. Results from a three year randomized clinical trial
study have shown that the incidence of vertebral fractures
in raloxifene treated postmenopausal women was reduced
to 30%.% Also there was a significant decrease in new cases
of breast cancers,” as well as a significant reduction in the
incidence of cardiovascular events in women with increased
cardiovascular risk.”
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Estrogen replacement therapy

Treatment of osteoporotic women with estrogen replace-
ment therapy to prevent fracture has been controversial. The
Women’s Health Initiative trial on estrogen replacement
therapy was the first large-scale, randomized, controlled study
of healthy women aged 50-79 years. The results of this study
showed that there was 34% risk reduction for hip and vertebral
fractures and also by the end of the study, the incidence of
osteoporotic fractures was reduced by 24%. Estrogen therapy
has long-term side-effects including vascular events and breast
cancer which limit its widespread use.””

Tibolone

Tibolone is a synthetic steroid hormone drug with estro-
genic properties, which exerts its effect by binding to the
estrogen receptor. The climacteric symptoms were relieved
with tibolone therapy, also there was less breast tender-
ness and menstrual bleeding as compared to the hormone
replacement therapy. With the treatment with tibolone for
two years in postmenopausal women, the effect on bone
density was comparable with the estrogen replacement
therapy.”*7° In a two year, randomized study, the efficacy
and tolerability of tibolone was compared with estradiol
plus norethindrone acetate (E2/NETA) for preventing bone
loss in postmenopausal women. Each treatment effectively
caused increase in BMD of lumbar spine, although the
increase in BMD with tibolone was smaller than with the
continuous hormone therapy.’

Parathyroid hormone

The only anabolic agent currently approved for treatment of
osteoporosis is PTH analog. It is available in the form of human
recombinant PTH peptide 1-34 (teriparatide), a fragment of
PTH that has a similar affinity for PTH receptor-1. Normally
in response to low serum calcium, PTH is secreted from
parathyroid glands, and acts to increase the concentration
of calcium in serum by mobilizing calcium from bone.
Pharmacologically, when PTH is administered intermit-
tently at low doses, it has been shown to have predominantly
anabolic effects on osteoblasts. PTH initiates bone forma-
tion first and only later promotes bone formation, which is
indicated by bone turnover markers.” In clinical studies,
treatment with teriparatide increased BMD in the lumbar
column and femur and also reduced the incidences of verte-
bral fractures and non-vertebral fractures.”” The long term
safety and efficacy of PTH have not been evaluated beyond
2 years, so it cannot be prescribed for more than 2 years.”

370

Strontium ranelate

Strontium ranelate, a novel orally active agent, has been devel-
oped for the treatment of osteoporosis. It consists of two atoms
of strontium and an organic moiety ranelic acid. Strontium
ranelate acts by both stimulating bone formation and decreasing
bone resorption. In vitro, strontium ranelate has been shown
to increase osteoblastic activity, including increasing collagen
synthesis and modulating the OPG/RANKL system in favor
of OPG, as well as decrease bone resorption by decreasing
osteoclast differentiation and resorbing activity, and increas-
ing osteoclast apoptosis. Since 2004 strontium ranelate has
been approved for the treatment of osteoporosis in European
countries.® In a summary of the results of four clinical trials
of strontium ranelate, three for treatment of osteoporosis®**¢
and one for prevention,® 2 g/day of strontium ranelate resulted
in increased BMD at all sites, a 37% reduction in vertebral
fractures and a 14% reduction in non-vertebral fractures over
three years.*! More recently, a five-year follow-up of one of the
treatment trials demonstrated a 43% reduction in hip fractures

and 24% reduction in vertebral fractures.®¢

Denosumab (Inhibitors of RANK signaling)

Denosumab is a fully human monoclonal antibody that was de-
veloped using transgenic mouse technology. Denosumab binds
with high affinity to RANK ligand which prevents the interaction
of RANK ligand with its receptor, RANK, which is present on
the surface of osteoclasts and their precursors. Denosumab thus
inhibits osteoclast activity, thereby decreasing bone resorption in
trabecular and cortical bone. ¥”*° In a randomized, double-blind,
placebo-controlled trial, treatment with denosumab significantly

Table 1
Efficacy of various anti-osteoporotic drugs in
fracture prevention and spine BMD gain

Spine BMD gain (%) /

Drugs fracture reduction (%)
Bisphosphonates

Alendronate 5-7/30-45

Ibandronate 4-6/32-43

Risedronate 5-7/30-45

Zoledronate 6-9/ ~ 70
Denosumab 3-6/ 55-70
Raloxifene (SERM) 1.2-3/30-40
Estrogen 3-5/35
Calcitonin 1-1.5/20-30
Anabolic

Teriparatide 10-15/ 50-65

Strontium Ranelate 2-4/20-35

Rev Bras Reumatol 2011;51(4):365-82



reduced the risk of vertebral, non-vertebral, and hip fractures
in postmenopausal women with osteoporosis. Denosomab
effectiveness in reducing the risk of vertebral fractures was
regardless of BMD baseline, bone turnover baseline rate and
baseline history of fracture.®*° For the treatment of postmeno-
pausal women with osteoporosis or who are at high risk of
osteoporosis, denosumab was granted marketing authorization
by the European commission in May 2010.% Denosumab was
also approved by US FDA in June 2010.5

Drugs under clinical development
Cathepsin K

Cathepsin K is critical for normal osteoclastic bone re-
sorption. The two agents which are under development are
balicatib (AAES581) and odanacatib (MK-0822). Clinical
trials with these agents have demonstrated increase in hip
and lumbar spine BMD, with a significant reduction in
bone resorption markers.’’ A newer highly potent cathepsin
K inhibitor named relacatib is presently being studied in
experimental animals.’?

Src Kinase Inhibitors

Src kinase is a non-receptor tyrosine kinase and a member of
the Src family of protein kinases which plays an important
role in activity and survival of osteoclast cells.”? Osteopetrosis
was caused in mouse due to Src inactivation, therefore it
clearly indicatedthat Src is an important requirement for
osteoclastic bone resoption.”* In Src null mutants, osteo-
clasts fail to form a ruffled border and do not resorb bone.
Saracatinib is a novel orally available competitive inhibitor
of Src kinase shown to inhibit bone resorption in vitro. In a
randomized, double-blind, placebo-controlled, multiple-as-
cending-dose phase I trial treatment with saracatinib inhibited
osteoclast mediated bone resorption in healthy men without
any significant adverse effects. The results of this study show
that saracatinib has the potential to become an agent for the
treatment of osteoporosis.”
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Drugs for the management of osteoporosis: a review

Emerging therapies

The Wnt/B-catenin pathway regulates gene transcription of
proteins important for osteoblast function.’® Study of the path-
way has led to further discovery of inhibitors of Wnt signaling
secreted by osteocytes. These include sclerostin and dickkopf
1 protein (DKK1), both of which block binding of Wnt to
LRPS5 (lipoprotein receptor-like protein 5), thereby inhibiting
osteoblast stimulation.”?® Monoclonal antibodies designed
to block the inhibiting action of both sclerostin and DKK1
are being considered for clinical trials based on promising

99-101 Because both of these molecules

results in animal models.
appear to be secreted only by bone, it is hoped that they will
have fewer systemic adverse effects. Therapies targeted at
other molecules in the pathway, for example a small molecule
inhibitor of GSK3,'”the enzyme which causes degradation
of B-catenin in the absence of Wnt signaling, are considered
less desirable targets due to their action in many tissues in

addition to bone.'?

CONCLUSION

In our conclusion, if osteoporosis is diagnosed and treated
early, osteoporotic fractures may be prevented. Newer
bisphosphonates like Zoledronic acid with long dosing inter-
vals, newer SERMs with little non-skeletal adverse effects,
Strontium ranelate and Denosomab have been introduced to
overcome previous shortcomings. Advancement in cellular
and molecular level of bone recycling has revealed some
newer targets for the therapy of osteoporosis. Several of the
new agents are well-advanced in clinical studies, including,
cathepsin K inhibitors and Src Kinase Inhibitors. There is
a chance that one of these agents may reach the clinic. The
other candidate drugs under pharmacological development
are likely to emerge for evaluation in clinical studies in the
next few years. Of these, drugs targeting the Wnt-f catenin
signaling are likely to be prominent. These agents may also
be useful in combination with existing antiresorptive agents,
further expanding therapeutic options.
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