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Abstract: Post menopausal osteoporosis is a chronic metabolic bone disorder characterised by decreased bone
mineral density and increased risk of fracture due to estrogen deficiency. This estrogen deficiency will reduce
osteogenesis and increase osteoclast-mediated bone resorption, leading to an imbalance in bone remodelling.
The Wnt/B-catenin signalling pathway plays an important role in regulating bone formation by promoting
osteoblast differentiation and inhibiting resorption. Sclerostin, produced by osteocytes, inhibits and binds to
LRP5/6 co-receptors in this pathway and suppresses bone formation. This review summarises the molecular
mechanisms of Wnt/B-catenin signalling and the role of sclerostin in the pathogenesis of postmenopausal
osteoporosis. It also explains recent therapeutic advances in anti-sclerostin therapy, such as Romosozumab,
which restores Wnt signalling by enhancing bone formation and reducing bone resorption. Various clinical
studies suggested a significant increase in bone mineral density and a reduction in fracture risk, but these are
also associated with cardiovascular effects like stroke and myocardial infarction. Future research should focus
on biomarker-guided therapy, precision medicine, and novel Wnt pathway modulators to optimise treatment
efficacy and safety in the management of postmenopausal osteoporosis.

Introduction

Postmenopausal Osteoporosis is an age-related condition in women who experience an increased risk of
broken bones, reduced cortical level and cancellous bone thickness, and a reduction in bone mineral density
(BMD) [1]. After menopause, there will be a decrease in the level of oestrogen, which leads to the loss of bone
[2, 3]. The CDC report showed 5.6% increase in osteoporosis in women compared to reports from 2008 and
2018. There is a 50.4% prevalence of osteoporosis in postmenopausal women as per the Reyes Balaguer and
Moreno Olmos Study [4]. In Pharmacological Management of Osteoporosis in Postmenopausal Women, the
Endocrine Society said that treatment with bisphosphonates or denosumab decreases the risk of fracture in
postmenopausal women with osteoporosis [5]. Long-term treatment with bisphosphonates is linked with rare
but serious adverse effects like atypical femoral fractures and osteonecrosis of the jaw, and denosumab has a
rebound effect [6, 7]. Selective estrogen receptor modulators are less effective and may increase the risk of
venous thromboembolism and vasomotor symptoms [8]. Wnt/B-Catenin Pathway promotes bone formation
by osteoblast differentiation and suppresses bone resorption. Wnt/B-Catenin Pathway increases the level of -
catenin in the cytoplasm and leads to gene transcription [9]. In postmenopausal women due to estrogen
deficiency, there will increase in the level of sclerostin, which enhances the differentiation of osteoclasts and
leads to an imbalance between bone resorption and bone formation by binding to LRP5/6 co-receptors [10].
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Sclerostin is the negative regulator of bone formation, which is encoded by the SOST gene. It is produced by
the mature osteocytes, inhibiting osteoblast differentiation and bone formation [11]. Anti-Sclerostin Therapy
acts by specifically binding to and neutralising circulating sclerostin. In postmenopausal osteoporosis,
sclerostin will bind to LRP5/6 co-receptors, which inhibit the activation of the canonical Wnt/p-catenin
pathway. Targeting the Wnt/B-Catenin Pathway promotes osteoblast differentiation, leading to bone formation,
inhibits the resorption, and can be used to treat postmenopausal osteoporosis [12]. This review explores
Targeting the Wnt/B-Catenin Axis Through Sclerostin Inhibition in Postmenopausal Osteoporosis.

Overview of bone remodelling: Bone remodelling is a continuous lifelong process where old and damaged
bone is resorbed and replaced by new bone. It maintains the integrity of the skeletal system and maintains
Ca?" and phosphate balance (homeostasis). Osteoclasts, osteoblasts, and osteocytes play an important role in
the process of bone remodelling [13]. Osteoclasts derived from hematopoietic stem cells break down bone
matrix by a combination of lysosomal enzymes and hydrogen ions and are involved in bone resorption [14].
Osteoblasts are derived from mesenchymal stem cell is responsible for synthesizing and mineralizing the bone
matrix, leading to bone formation and providing structural support [15]. Osteocytes are mature bone cells
present within the bone matrix, and their role is to send a signal for the recruitment of osteoclasts during
damage or mechanical stress and thereby regulate osteoclasts to release signalling molecules such as RANKL
and sclerostin [16]. Coordination between osteoclasts and osteoblasts is required for the destruction and
reconstruction of new bone, which is referred to as basic multicellular units (BMUs) [13].

Bone remodelling takes place in 5 sequential phases, namely activation, resorption, reversal, formation, and
mineralization. Mechanical stress or damage to the bone is recognized by osteocytes, it recruits osteoclast
precursors at the damage site in the activation phase. Osteoclasts will attach to the bone surface and create a
resorption pit. Formation of new bone is facilitated by mononuclear cells on its surface and recruits osteoblast
precursors, which differentiate to synthesize new bone matrix called osteoid, and these osteoids are converted
into mature bone in the mineralization phase, as explained (Figure 1) [17].
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Figure 1: Physiology of bone remodelling

The Wnt/p-catenin signalling pathway: The Wnt/B-catenin signalling pathway is also called the canonical Wnt
signalling pathway. It promotes bone formation by stimulating osteoblast differentiation and suppressing bone
resorption [18].

Canonical Wnt signalling mechanism: When the Wnt ligand is absent, Axin, APC, GSK-3f, and CK1 form a
complex also called the destruction complex, which captures B-catenin and phosphorylates it by GSK-3f. CK1 leads
degraded of B-catenin by ubiquitination, thus TCF/LEF will bind to the transcriptional repressor, such as Groucho, and
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suppress gene transcription. In the presence of Wnt ligand, it binds to two receptor that is Frizzled receptor and the
LRP5/6 co-receptor, leading the signalling cascade is activation. Frizzled receptor recruits Axin, GSK3f, and
Dishevelled (Dvl). Dvl inhibits the formation of the destruction complex, thus preventing the phosphorylation of -
catenin, which leads to increased concentration of f-catenin in the cytoplasm, which translocates into the nucleus and
binds to transcription factors TCF/LEF and activates gene transcription, as shown in Figure 2 [9].
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Figure 2: Mechanism of the canonical Wnt signalling pathway

Role of LRP5/6 Co-receptors: LRP5/6 is a low-density lipoprotein receptor-related 5/6 protein that plays an
essential role in the Wnt/B-catenin signalling pathway. They facilitate the formation of the Wnt-Frizzled
complex, which lead recruits axin, thus inhibiting the formation of the destructive complex, inhibiting the
phosphorylation of B-catenin, promoting the translocation of B-catenin, hence activating the TCF/LEF-
dependent gene transcription. Any mutation in LRP5/6 leads to osteogenesis imperfecta, bone fragility, and
high bone mass syndromes. They regulate bone density and skeletal strength, and binding of sclerostin blocks
Whnt ligand and reduces bone formation [9].

p-catenin stabilization and gene transcription: In the absence of Wnt, B-catenin is degraded by axin, APC,
GSK-3p, and CK1 complex. The phosphorylation of B-catenin leads to ubiquitin-mediated proteolysis, thus
leading to a decrease in the concentration of B-catenin in the cytoplasm; hence, gene transcription will be
inhibited [19]. Upon binding to Wnt to Frizzled and LRP5/6 receptors, axin is recruited to the membrane and
inhibits the formation of the axin, APC, GSK-3f3, CK1 complex. B-catenin will not degrade, thus there will be
an increase in the amount of B-catenin in the cytoplasm. The B-catenin moves into the nucleus and binds to
transcription factor TCF/LEF, which binds to the target DNA, leading to gene transcription. These genes are
required for osteoblast differentiation and bone formation. Some important genes are RUNX2, osterix, cyclin
D1, c-Myc, and ALP (Alkaline phosphatase). Activation leads to differentiation of mesenchymal stem cells
into osteoblasts and leads to bone formation [9].

Regulation of osteoblast differentiation: The Wnt/B-catenin signalling pathway is a regulator of
osteoblastogenesis. Mesenchymal stem cells present in bone marrow can be differentiated into osteoblasts,
adipocytes, and chondrocytes [20]. Binding B-catenin to the transcription factor TCF/LEF activates the
transcription factors such as RUNX?2, osterix, that are required for osteoblast differentiation [9]. B-catenin
suppresses the activation of PPARy and C/EBPa, which are required for activation in adipocytes, thus
enhancing bone formation. Wnt/B-catenin signalling pathway activates cyclin D1 and c-Myc, thus promoting
cell growth and cell division [21]. Wnt/B-catenin signalling stimulates OPG synthesis and inhibits bone
resorption, thus reducing osteoclast formation [22].
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Sclerostin and its mechanism: Sclerostin is a glycoprotein with a weight of ~22-24 kDa, which is encoded by
the SOST gene. It is a negative regulator of bone formation. It is produced by the mature osteocytes, inhibiting
osteoblast differentiation and bone formation. Sclerostin will increase with aging and in estrogen deficiency.
The main function is to inhibit the Wnt/B-catenin signalling pathway [11]. It will bind to the LRP5/6, which
is a co-receptor required for the binding of Wnt ligand, along with the Frizzled receptor. Thus, prevent the
binding of Wnt to the receptor complex. This leads to the formation of a destruction complex, which
phosphorylates and degrades the B-catenin. Leads to loss of stability B-catenin, and there will be no
translocation of B-catenin into the nucleus, suppressing gene transcription and activation of genes such as
RUNX?2, osterix, ALP, which are required for bone formation and osteoblast differentiation [9, 23].
SOST gene mutation leads to loss of function, causing high bone mass disorders such as Sclerosteosis and
Van Buchem Disease [24]. Sclerostin indirectly enhances bone resorption by the RANK/RANKL/OPG axis.
Wnt/B-catenin pathway suppresses RANKL and stimulates OPG in osteoblasts. Sclerostin reduces the Wnt
signalling, thus promoting osteoclastogenesis by increasing the RANKL expression and decreasing the OPG,
which acts as a decoy for RANKL. There will be reduced osteoblast differentiation and bone formation.
RANKL/OPG ratio increases due to suppression of Wnt signalling. In osteoclast precursors, a greater number
of RANKL binds to RANK receptors, which leads to the formation of a mature osteoclast and increases
resorption of the bone. It will directly decrease bone formation and indirectly increase bone resorption by
inhibiting Wnt signalling and increasing the RANKL/OPG ratio, respectively [25].

Pathophysiology in postmenopausal osteoporosis: Postmenopausal osteoporosis is defined by an increase in
osteoclast differentiation, bone resorption, and rapid bone loss due to oestrogen deficiency, especially in pre-
and postmenopausal women. Estrogen deficiency causes suppression of the Wnt/B-catenin signalling pathway
by increasing the levels of Sclerostin, which enhances the differentiation of osteoclasts and leads to disruption
of the tightly regulated balance between bone resorption and bone formation, as explained in Figure 3 [10].
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Figure 3: Estrogen deficiency-induced remodelling imbalance in postmenopausal osteoporosis

oestrogen plays an important role in maintaining normal bone balance by regulating osteoclasts and
osteoblasts. In normal conditions, estrogen decreases osteoclast activity and formation (osteoclastogenesis),
promotes osteoclast apoptosis, osteoblast survival, and bone formation, which is required for osteoblast
differentiation [26]. Reducing oestrogen levels after menopause reduces the protective effects of oestrogen on
bone function. Oestrogen deficiency enhances the production of RANKL and reduces the production of OPG
[27]. It reduces the Wnt/B-catenin signalling, thus reducing the binding of B-catenin to TCF/LEF transcription
factor and inhibiting transcription of osteogenic genes such as RUNX2 and osterix, which are required for
osteoblast differentiation. It increases the bone resorption and decreases the bone formation simultaneously,
which leads to disruption of the balance of the remodelling cycle, leading to increased bone loss [9, 10].
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Reduced levels of estrogen in postmenopausal women leads reduce the suppression of sclerostin, and hence
the levels of sclerostin will increase. This increase in the level of sclerostin will block the Wnt/B-catenin
pathway, leading to decreased osteoblast differentiation and bone formation [27]. After menopause, there will
be an increase in the RANKL/OPG ratio, and the osteoclast activity is increased due to estrogen deficiency,
thus leading to enhanced bone resorption [27, 28]. Also, Wnt/B-catenin signalling is suppressed due to an
increase in the level of Sclerostin, which leads to reduced osteoblast differentiation and activity, finally leading
to reduced bone formation [23]. Imbalance in the remodelling leads to loss of trabecular bone, thinning of
cortical bone, increased cortical porosity, decreased bone mineral density (BMD), and reduced bone strength.
As a result, bones become more fragile and susceptible to fractures, particularly at the spine, hip, and wrist
[29]. So, inhibition of sclerostin can restore Wnt signalling, stimulate osteoblast activity, and enhance the bone
mass in postmenopausal women [30].

Translational development of sclerostin inhibitors: Researchers found that sclerostin plays an important role
in the inhibition of bone formation, thus anti-sclerostin therapy can be used as a targeted therapy in
postmenopausal osteoporosis. Development in the field of molecular biology and antibody engineering led to
the discovery of pharmacological agents that can neutralise sclerostin, restore Wnt/B-catenin signalling, and
balance between bone formation and resorption in postmenopausal osteoporosis [12].

Mechanism of action of anti-sclerostin therapy: Anti-sclerostin therapy acts by binding and neutralising
existing sclerostin in the system. In postmenopausal osteoporosis, sclerostin will bind to LRP5/6 co-receptors
and inhibit the activation of the Wnt/B-catenin pathway. This leads to suppression of osteoblast differentiation
and bone formation [12]. In anti-sclerostin therapy, Wnt ligands can bind to LRP5/6 receptor and form a
complex, because it inhibits sclerostin, which leads to the cytoplasm stabilisation and accumulation of [3-
catenin, leading to the translocation of B-catenin into the nucleus and will interact with TCF/LEF transcription
factors, resulting in the activation of osteogenic genes like RUNX2 and osterix. Thus, increases the
differentiation, maturation, and activity of the osteoblast, leading to enhanced bone formation. Also, Wnt
signalling will increase OPG expression, which inhibits RANKL-mediated osteoclastogenesis, thus reducing
bone resorption. Therefore, anti-sclerostin therapy restores bone remodelling balance [31].

Development of monoclonal antibodies: Scientists have developed several humanised monoclonal antibodies
for targeting sclerostin. It has a high affinity to sclerostin and specifically will bind to sclerostin, thus
preventing sclerostin binding to LRP5/6 receptors [32]. Romosozumab is the most recent anti-sclerostin
antibody discovered, which showed a significant increase in bone density and reduced the risk of fracture in
postmenopausal women. The development of monoclonal antibodies shifted from traditional antiresorptive
therapies toward biologic agents that increase bone formation by targeting the Wnt/B-catenin pathway [33].

Dual anabolic and antiresorptive effects: Antisclerostin therapy has a dual mechanism of action, unlike
conventional antiresorptive drugs that primarily reduce osteoclast activity. Sclerostin inhibitors will stimulate
bone formation by increasing osteoblast differentiation and function, and also reduce bone resorption through
an increase in OPG expression and reduction in osteoclastogenesis. This dual action rapidly increases bone
mineral density, improves trabecular and cortical bone, and enhances bone strength. The combination of
anabolic and antiresorptive effects of sclerostin inhibitors distinguishes itself from other osteoporosis
treatments as an important therapeutic option in postmenopausal osteoporosis [34].

Romosozumab is a humanized monoclonal antibody sclerostin inhibitor that is used to treat osteoporosis in
postmenopausal women who are at an increased risk of fracture. It showed significant enhancement in bone
mineral density and reduction in fracture risk in postmenopausal osteoporosis as per certain clinical evidence.
Several studies, such as FRAME and ARCH, confirm that romosozumab has high efficacy compared to
placebo and other conventional antiresorptive therapies. But several cardiovascular adverse events were noted,
indicating the requirement of post-marketing surveillance as mentioned in (Table 1) [35-39].
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Table 1: Clinical trials of sclerostin inhibition in postmenopausal osteoporosis

Study Key findings ADR Efficacy
FRAME Trial Romosozumab treatment for 12 months Injectiop—site reactiops, ~73% reduction in new
(Fracture Study in significantly increases bone mass and | arthralgia, headache, mild | vertebral fractures at 12
Postmenopausal | reduces the incidence of new vertebral | hypocalcaemia;  overall | months; significant increase
Women with fractures compared with placebo. | tolerability similar to | in lumbar spine BMD
Osteoporosis) Continued therapy with denosumab | placebo. (~13%).
[35] helped maintain these gains in bone
strength.
Sequential therapy using romosozumab | Arthralgia, injection site | ~48% reduction in vertebral
ARCH Trial followed by alendronate showed | reactions, headache; | fractures, ~27% decrease in

(Active-Controlled
Fracture Study)

superior therapy in the prevention of
fractures compared with alendronate

slightly higher incidence
of cardiovascular events

clinical fractures, and ~38%
decrease in hip fractures.

1361 alone in high-risk postmenopausal | reported in the
women. romosozumab group.
In women previously treated with | Injection site reactions, | Total hip BMD increased by
STRUCTURE bisphosphonates, romosozumab | mild hypercalcemia or | ~2.6% with romosozumab
Trial produced greater improvements in bone | hypocalcemia, and | while decreasing slightly
1371 density compared with teriparatide, | musculoskeletal pain. with teriparatide.
particularly at the hip.
Different doses of romosozumab were | Injection site reactions, | Lumbar spine BMD
Phase I Dose- | evaluated, demonstrating ~ rapid | transient decreases in | increased up to ~11% within
Finding Trial stimulation of bone formation markers | serum calcium, and mild | 12 months, depending on
and significant increases in u-like symptoms. ose.
[38] d significant BMD | flu-like sympt d
compared with placebo and
alendronate.
. Romosozumab significantly improved | Injection site reactions, | Lumbar spine BMD
BRIDGE Trial . . . . .
(Men with bone mineral density in men with | headache, increased by ~12% and total
Osteoporosis) osteopo.rosis f:ompared with placebo, pasopharyngitis.; slightly | hip BMD by ~2.5% after 12
[39] suggesting similar anabolic effects | increased cardiovascular | months.

across sexes. events observed.

Safety and risk assessment: Although monoclonal antibodies like romosozumab showed a significant effect
in clinical trials, there have been reports of several adverse effects [40]. The most common side effects include
headache, fatigue, arthralgia, pain at the site of injection, and hypersensitivity reactions. Also, transient
hypocalcaemia has been observed in patients with vitamin D deficiency or low levels of calcium, which
highlights that these conditions should be corrected before treatment with romosozumab [41, 42]. Studies-like
ARCH suggested that there is a higher incidence of cardiovascular risk, such as myocardial infarction and
stroke, in patients treated with romosozumab when compared to alendronate, whereas in the FRAME Trial,
cardiovascular events were not observed, leaving the uncertain causal relationship [36, 37]. Sclerostin is also
expressed in vascular tissues, where it is regulated by the Wnt signalling pathway in vascular smooth muscle
cells, which leads to vascular calcification and remodelling. Inhibition of sclerostin by romosozumab will
increase the Wnt/B-catenin signalling pathway, which leads to arterial calcification or will affect the plaque
stability in patients with pre-existing cardiovascular disease [43]. Due to this, regulatory authorities like the
USFDA and EMA recommended that romosozumab should not be used in patients with a recent history of
myocardial infarction or stroke. Regulatory guidelines recommend that the drug be mainly used by
postmenopausal women with severe osteoporosis or very high fracture risk who do not have a previous history
of cardiovascular disease, followed by antiresorptive therapy [44].

Emerging Wnt pathway targets: Dickkopf-1 (DKK-1) inhibition, Notum inhibitors are some examples of
emerging targeting therapies for the Wnt pathway, where they will inhibit DKK-1 and Notum, respectively,
thereby increasing Wnt signalling, leading to enhanced bone formation. Small-molecule Wnt modulators will
regulate the components of the signalling cascade, and biologic approaches, including engineered antibodies,
recombinant proteins, and gene therapy, will selectively activate Wnt signalling in bone tissue, as mentioned
in Table 2 [45-49].
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Table 2: Emerging targets for the Wnt pathway

Targets Mechanism of action Therapeutic effects
. DKK-1 normally blocks Wnt signalling by inhibiting | Increased bone formation, improved
DICkkloll)lt:_J. t(.DKK_l) the binding of Wnt ligands to LRP5/6 receptors. | bone mineral density, and potential
pinbrton Inhibiting DKK-1 restores Wnt/B-catenin signalling and | reduction in fracture risk.
[45] ) e
enhances osteoblast differentiation.
Notum suppresses Wnt signalling by removing lipid | Stimulation of osteoblast activity
Notum . . . . . . .
R modifications from Wnt proteins, which reduces their | and promotion of bone formation.
inhibitors .. o .
activity. Inhibiting Notum leads to activation of Wnt
[46] i Lo X
igands and maintains signalling.
Small-molecule These compounds regulate components of the Wnt | May increase bone formation and
Wnt modulators signalling cascade, such as stabilising P-catenin or | improve skeletal strength with
[47] blocking pathway inhibitors. potential oral drug formulations.
Future biologic Includes engineered antibodies, recombinant proteins, | Highly targeted therapy for bone
approaches and gene-targeted therapies designed to selectively | formation while minimising
[48, 49] activate Wnt signalling in bone tissue. systemic side effects.

Future perspective: Emerging research in postmenopausal osteoporosis targeting the Wnt/B-catenin signalling
pathway focuses on safer and more personalised therapy. Biomarker-guided therapy may help researchers to
use bone turnover markers like PINP and CTX to identify patients who are most likely to benefit from
romosozumab [50]. Treatment selection can be further optimised by integrating Precision medicine with
genetic factors, assessment of fracture risk, and patient-specific characteristics. Cardiovascular disease
associated with the sclerostin inhibitors to modulate the Wnt pathway can be studied through post-marketing
surveillance and extended clinical studies. Ongoing clinical studies can also evaluate new Wnt pathway
modulators, biologic therapies, and treatment strategies to increase bone density, reduce the risk of fracture,
and improve patient outcomes in post-menopausal women [51].

Conclusion: Sclerostin is a potential inhibitor of Wnt/B-catenin signalling and regulates bone formation.
Estrogen deficiency in postmenopausal women leads to overexpression of sclerostin, thereby leading to an
imbalance in bone formation and resorption. Antisclerostin therapy is used to manage post-menopausal
osteoporosis by inhibiting sclerostin in the Wnt/B-catenin signalling pathway. Sclerostin inhibitors increase
osteoblast activity and bone mineral density, and significantly reduce fracture risk, but they are associated
with serious cardiovascular events. For the rational use of Sclerostin inhibitors, various regulatory authorities,
such as the USFDA and EMA, provided guidelines to ensure the safe and effective use of the drug. Future
research should focus on biomarker-guided therapy, precision medicine, and novel Wnt pathway modulators
to optimise treatment efficacy and safety in the management of postmenopausal osteoporosis.

References

1. Charde SH, Joshi A, Raut J. A comprehensive review on postmenopausal osteoporosis in women. Cureus. 2023;
15(11): e48582. doi: 10.7759/cureus.48582

2. Rani J, Swati S, Meeta M, Singh SH, Tanvir T, Madan A. Postmenopausal osteoporosis: menopause hormone
therapy and selective estrogen receptor modulators. Indian Journal of Orthopaedics. 2023; 57(Suppl 1): 105-
114. doi: 10.1007/s43465-023-01071-6

3. Elfituri A, Sherif F, Elmahaishi M, Chrystyn H. Two hormone replacement therapy (HRT) regimens for Middle
Eastern postmenopausal women. Maturitas. 2005 Sep 16;52(1):52-9. doi: 10.1016/j.maturitas.2004.12.003

4. Niksolat M, Larijani SS. Recent trends in osteoporosis among postmenopausal women. Immunopathologia
Persa. 2025; 11(2): e43852. doi: 10.34172/ipp.2025.43852

5. Brown JP. Long-term treatment of postmenopausal osteoporosis. Endocrinology and Metabolism. 2021; 36(3):
544-552. doi: 10.3803/EnM.2021.301

6. Séanchez A, Blanco R. Osteonecrosis of the jaw (ONJ) and atypical femoral fracture (AFF) in an osteoporotic
patient chronically treated with bisphosphonates. Osteoporosis International. 2017; 28(3): 1145-1147. doi:
10.1007/s00198-016-3840-z

Nousheen et al. Mediterr J Med Res. 2026; 3(2): 152-161. doi: 10.5281/zenodo.19949507 Page 158


https://mrj.org.ly/

Mediterranean Journal of ISSN Online: 3080-7735 doi: 10.5281/zenodo.19949507
Medical Research Mediterr ] Med Res https://mrj.org.ly

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Anastasilakis AD, Polyzos SA, Makras P. Therapy of endocrine disease: Denosumab vs bisphosphonates for the
treatment of postmenopausal osteoporosis. European Journal of Endocrinology. 2018; 179(1): R31-45. doi:
10.1530/EJE-18-0056

Stanczyk FZ, Yang JL, Bennink HJ, Sriprasert I, Winer S, Foidart JM, et al. Comparison of estrogens and
selective estrogen receptor modulators (SERMs) used for menopausal hormone therapy. Menopause. 2025;
32(8): 730-757. doi: 10.1097/GME.0000000000002547

Wang X, Qu Z, Zhao S, Luo L, Yan L. Wnt/B-catenin signaling pathway: Proteins' roles in osteoporosis and
cancer diseases and the regulatory effects of natural compounds on osteoporosis. Molecular Medicine. 2024;
30(1): 193. doi: 10.1186/s10020-024-00957-x

Aditya S, Rattan A. Sclerostin inhibition: A novel target for the treatment of postmenopausal osteoporosis.
Journal of Mid-life Health. 2021; 12(4): 267-275. doi: 10.4103/jmh.JMH_106_20

Delgado-Calle J, Sato AY, Bellido T. Role and mechanism of action of sclerostin in bone. Bone. 2017; 96: 29-
37. doi: 10.1016/j.bone.2016.10.007

Rauner M, Taipaleenméki H, Tsourdi E, Winter EM. Osteoporosis treatment with anti-sclerostin antibodies:
mechanisms of action and clinical application. Journal of Clinical Medicine. 2021; 10(4): 787. doi: 10.3390/
jem10040787

Delaisse JM, Andersen TL, Kristensen HB, Jensen PR, Andreasen CM, Sge K. Re-thinking the bone remodeling
cycle mechanism and the origin of bone loss. Bone. 2020; 141: 115628. doi: 10.1016/j.bone.2020.115628
Bellido T. Osteocyte-driven bone remodeling. Calcified Tissue International. 2014; 94(1): 25-34. doi: 10.1007/s
00223-013-9774-y

Aibar-Almazan A, Voltes-Martinez A, Castellote-Caballero Y, Afanador-Restrepo DF, Carcelén-Fraile MD,
Lopez-Ruiz E. Current status of the diagnosis and management of osteoporosis. International Journal of
Molecular Sciences. 2022; 23(16): 9465. doi: 10.3390/ijms23169465

Daponte V, Henke K, Drissi H. Current perspectives on the multiple roles of osteoclasts: Mechanisms of
osteoclast-osteoblast communication and potential clinical implications. Elife. 2024; 13: €95083. doi: 10.7554/
eLife.95083

Katsimbri P. The biology of normal bone remodelling. European Journal of Cancer Care. 2017; 26(6): €12740.
doi: 10.1111/ecc.12740

Liu J, Xiao Q, Xiao J, Niu C, Li Y, Zhang X, et al. Wnt/B-catenin signalling: function, biological mechanisms,
and therapeutic opportunities. Signal Transduction and Targeted Therapy. 2022; 7(1): 3. doi: 10.1038/s41392-
021-00762-6

Park HB, Kim JW, Back KH. Regulation of Wnt signaling through ubiquitination and deubiquitination in
cancers. International Journal of Molecular Sciences. 2020; 21(11): 3904. doi: 10.3390/ijms21113904

De Winter TJ, Nusse R. Running against the Wnt: How Wnt/B-catenin suppresses adipogenesis. Frontiers in
Cell and Developmental Biology. 2021; 9: 627429. doi: 10.3389/fcell.2021.627429

Lecarpentier Y, Schussler O, Hébert JL, Vallée A. Multiple targets of the canonical WNT/B-catenin signaling in
cancers. Frontiers in Oncology. 2019; 9: 1248. doi: 10.3389/fonc.2019.01248

Moorer MC, Riddle RC. Regulation of osteoblast metabolism by Wnt signaling. Endocrinology and
Metabolism. 2018; 33(3): 318-330. doi: 10.3803/EnM.2018.33.3.318

Li X, Zhang Y, Kang H, Liu W, Liu P, Zhang J, et al. Sclerostin binds to LRP5/6 and antagonizes canonical Wnt
signaling. Journal of Biological Chemistry. 2005; 280(20): 19883-19887. doi: 10.1074/jbc.M413274200
Sebastian A, Loots GG. Genetics of Sost/SOST in sclerosteosis and van Buchem disease animal models.
Metabolism. 2018; 80: 38-47. doi: 10.1016/j.metabol.2017.10.005

Uysal E, Ersahan S, Ozcelik F, Hepsenoglu YE. Relationship between bone resorption and sclerostin regulation
in apical periodontitis lesions. Odontology. 2026; 114(1): 260-272. doi: 10.1007/s10266-025-01118-0

Suthon S, Lin J, Perkins RS, Crockarell JR, Miranda-Carboni GA, Krum SA. Estrogen receptor alpha and
NFATCc1 bind to a bone mineral density-associated SNP to repress WNTS5B in osteoblasts. The American Journal
of Human Genetics. 2022; 109(1): 97-115. doi: 10.1016/j.ajhg.2021.11.018

Streicher C, Heyny A, Andrukhova O, Haigl B, Slavic S, Schiiler C, et al. Estrogen regulates bone turnover by
targeting RANKL expression in bone lining cells. Scientific Reports. 2017; 7(1): 1-4. doi: 10.1038/s41598-017-
06614-0

Abokrias MEE, Aldarewesh AM. Evaluation of mineralized plasmatic matrix on the augmentation of bone
resorption. Mediterranean Journal of Pharmacy and Pharmaceutical Sciences. 2023; 3(3): 52-60. doi:
10.5281/zenodo.8390130

Matsui S, Yasui T, Kasai K, Keyama K, Kato T, Uemura H, et al. Increase in circulating sclerostin at the early
stage of menopausal transition in Japanese women. Maturitas. 2016; 83: 72-77. doi: 10.1016/j.maturitas.2015.
10.001

Osterhoff G, Morgan EF, Shefelbine SJ, Karim L, McNamara LM, Augat P. Bone mechanical properties and
changes with osteoporosis. Injury. 2016; 47: S11-20. doi: 10.1016/S0020-1383(16)47003-8

Nousheen et al. Mediterr J Med Res. 2026; 3(2): 152-161. doi: 10.5281/zenodo.19949507 Page 159


https://mrj.org.ly/

Mediterranean Journal of ISSN Online: 3080-7735 doi: 10.5281/zenodo.19949507
Medical Research Mediterr ] Med Res https://mrj.org.ly

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

MacNabb C, Patton D, Hayes JS. Sclerostin antibody therapy for the treatment of osteoporosis: Clinical
prospects and challenges. Journal of Osteoporosis. 2016; 2016(1): 6217286. doi: 10.1155/2016/6217286
Fabre S, Funck-Brentano T, Cohen-Solal M. Anti-sclerostin antibodies in osteoporosis and other bone diseases.
Journal of Clinical Medicine. 2020; 9(11): 3439. doi: 10.3390/jcm9113439

Dai Z, Fang P, Yan X, Zhu R, Feng Q, Yan Q, et al. Single dose of SHR-1222, a sclerostin monoclonal antibody,
in healthy men and postmenopausal women with low bone mass: A randomized, double-blind, placebo-
controlled, dose-escalation, phase I study. Frontiers in Pharmacology. 2021; 12: 770073. doi: 10.3389/fphar.
2021.770073

Iolascon G, Liguori S, Paoletta M, Toro G, Moretti A. Anti-sclerostin antibodies: A new frontier in fragility
fractures treatment. Therapeutic advances in musculoskeletal disease. 2023; 15: 1759720X231197094. doi:
10.1177/ 1759720X231197094

Cosman F, Crittenden DB, Adachi JD, Binkley N, Czerwinski E, Ferrari S, Hofbauer LC, et al. Romosozumab
treatment in postmenopausal women with osteoporosis. New England Journal of Medicine. 2016; 375(16):
1532-1543. doi: 10.1056/NEJMoal607948

McClung MR, Betah D, Deignan C, Shi Y, Timoshanko J, Cosman F. Romosozumab efficacy in postmenopausal
women with no prior fracture who fulfill criteria for very high fracture risk. Endocrine Practice. 2023; 29(9):
716-722. doi: 10.1016/j.eprac.2023.06.011

Tian A, Jia H, Zhu S, Lu B, Li Y, Ma J, et al. Romosozumab versus Teriparatide for the treatment of
postmenopausal osteoporosis: A systematic review and meta-analysis through a grade analysis of evidence.
Orthopaedic Surgery. 2021; 13(7): 1941-1950. doi: 10.1111/0s.13136

McClung MR. Romosozumab for the treatment of osteoporosis. Osteoporosis and sarcopenia. 2018; 4(1): 11-
15. doi: 10.1016/j.af0s.2018.03.00

Lewiecki EM, Blicharski T, Goemaere S, Lippuner K, Meisner PD, Miller PD, et al. A phase III randomized
placebo-controlled trial to evaluate efficacy and safety of romosozumab in men with osteoporosis. The Journal
of Clinical Endocrinology and Metabolism. 2018; 103(9): 3183-3193. doi: 10.1210/jc.2017-02163

Lewiecki EM. Romosozumab, clinical trials, and real-world care of patients with osteoporosis. Annals of
translational medicine. 2020; 8(15): 974. doi: 10.21037/atm.2020.03.196

Arrieta LA, Galvis PA, Galvis MV, Meneses SA, Rodriguez JM, Contreras FJ. When skin reactions interrupt
bone therapy: Severe cutaneous adverse reaction to romosozumab leading to treatment discontinuation.
European Journal of Case Reports in Internal Medicine. 2025; 12(9): 05719. doi: 10.12890/2025 05719s
Laflof KBA. Vitamin D, calcium, and hematological levels in healthy Libyan subjects. Mediterranean Journal
of Pharmacy and Pharmaceutical Sciences. 2025; 5(3): 94-100. doi: 10.5281/zenodo.17210995

Yeon S, Seto SW, Bhuyan JD, Chang D, Li CG, Low M. Sclerostin in vascular calcification: Hypoxia-driven
regulation and therapeutic modulation by natural products. Current Atherosclerosis Reports. 2026; 28(1): 25.
doi: 10.1007/s11883-025-01377-w

Vestergaard Kvist A, Faruque J, Vallejo-Yagiie E, Weiler S, Winter EM, Burden AM. Cardiovascular safety
profile of romosozumab: A pharmacovigilance analysis of the US Food and Drug Administration Adverse Event
Reporting System (FAERS). Journal of Clinical Medicine. 2021; 10(8): 1660. doi: 10.3390/jcm10081660
Olivares-Navarrete R, Hyzy S, Wieland M, Boyan BD, Schwartz Z. The roles of Wnt signaling modulators
Dickkopf-1 (Dkk1) and Dickkopf-2 (Dkk2) and cell maturation state in osteogenesis on microstructured
titanium surfaces. Biomaterials. 2010; 31(8): 2015-2024. doi: 10.1016/j.biomaterials.2009.11.071

Bayle ED, Svensson F, Atkinson BN, Steadman D, Willis NJ, Woodward HL, et al. Carboxylesterase notum is
a druggable target to modulate Wnt signaling. Journal of Medicinal Chemistry. 2021; 64(8): 4289-
4311. doi: 10.1021/acs.jmedchem.0c01974

Tran FH, Zheng JJ. Modulating the Wnt signaling pathway with small molecules. Protein Science. 2017; 26(4):
650-661. doi: 10.1002/pro.3122

Qiu F, Shin Y, Chen D, Cheng R, Chen Q, Zhou K, et al. Anti-angiogenic effect of a humanized antibody
blocking the Wnt/B-catenin signaling pathway. Microvascular Research. 2018; 119: 29-37. doi: 10.1038/s41392
-021-00701-5

Shah AA, Chand D, Ahamad S, Porwal K, Chourasia MK, Mohanan K, et al. Therapeutic targeting of Wnt
antagonists by small molecules for treatment of osteoporosis. Biochemical Pharmacology. 2024; 230: 116587.
doi: 10.1016/j.bcp.2024.116587

Rao X, Cai X. Aging-driven inter-organ crosstalk in postmenopausal osteoporosis: From immunometabolic drift
to multisystem frailty. The FASEB J. 2026; 40(4): €71541. doi: 10.1096/1j.202505069R

Enitan S, Adejumo E, Imaralu J, Adelakun A, Ladipo O, Enitan C. Personalized medicine approach to
osteoporosis management in women: Integrating genetics, pharmacogenomics, and precision treatments.
Clinical Research Communication. 2023; 6(3): 18. doi: 10.53388/CRC2023018

Nousheen et al. Mediterr J Med Res. 2026; 3(2): 152-161. doi: 10.5281/zenodo.19949507 Page 160


https://mrj.org.ly/

Mediterranean Journal of ISSN Online: 3080-7735 doi: 10.5281/zenodo.19949507
Medical Research Mediterr ] Med Res https://mrj.org.ly

Author contribution: All authors contributed equally and approved the final version and agreed to be accountable for its
contents.

Conflict of interest: The authors declare the absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Ethical issues: The authors observed the ethical issues, including plagiarism, informed consent, data fabrication or falsification,
and double publication or submission.

Generative Al disclosure: No generative Al was used in the preparation of this manuscript.

&l gatl) sualal) &tha'\ A alﬁd\ YIRARAY g& Ot g Sl Jails e Whnt/B-catenin L s> ) Al
Al (381 g Ay )

g2 JSU g S 5 Aadald ((padi gl

574143 - xigd) (SUL IS ¢ glladla camad) b (Jadi¥ (apall (il yu 4008 4 9aY) ale and
) sall (e J g panall calgall *

Odlaal) ABUS (REAL andiy g calliad) Cuuay (1 e (i) Gl laidal & Eualal) £ U day alied) AdLa :adlal)
Balyjg albiadl (i oSi JuliS ) el 138 (gaip O g iel) Ggap ali Aol jgusl) shd Bl allial) A
Wnt/B- ILE] s caldy alied) J&5 Sule) Ades 3 SR Gu Laa callaadl A1SY) LSIAY) Laa gy Lgdlis )
Jary Lg8lal ) Jagig alliall ddld) LAY Gulad 3o0ad JMA (e allial) (< adal 8 Ll 12 catenin
(g Bl W 5 Jleaall 138 A Baslusal) LRP5/6 i Janiii o cdalial) UDAY Aaiil M) (o g i
& Gyl 509 Wit/B-catenin ILEY 4jal) LY daa) jall o3 Jagh alial) ¢ b Laa
e O g plSd) clalian g3le 8 Ajaad) dadlal) el ) ghall] prida 55 LaS , Cualal) @ Unkl) dny aliel) Liliia 4 3o
Ay ) 3 LG LgBLES ) JTas g allimd) iy 65 5525 DA (e Wit ) L) asdil dum (5 ecila ) gma 30 9
f iy Ul U ya geilisl] o (4 W) ¢ gmal) jhad (i) g aldind) (B cpalaal) ABUS A A3 gala BaLy 5 ) Basncia
Cilad il A gall) g3l o Abiiaial) Gladl) 385 O Al il Adae pliia) g A Laal) AISS Lyile g 40

A

day allied) LG 3 ) P Ay ) Alled Cpaad! Sasaall Wit e cN¥azag ¢ 384l Gulal) g o gaal)
Siabal) £ UaSS)

Nousheen et al. Mediterr J Med Res. 2026; 3(2): 152-161. doi: 10.5281/zenodo.19949507 Page 161


https://mrj.org.ly/

