
ΜΕΛΛΟΝΣΙΚΕσ  
ΘΕΡΑΠΕΙΕσ σΣΗΝ 

 ΟσΣΕΟΠΟΡΩσΗ 

 Ευαγγελία Καςκάνθ 

 Ρευματολόγοσ 

 



 ¨Ορφανι¨ νόςοσ για πολλά 
χρόνια 

 Εξελίςςεται ςε νόςο με 
πολλαπλζσ κεραπευτικζσ 
επιλογζσ ςτο μζλλον 

 Τεράςτια ζρευνα ςε βαςικό και 
κλινικό επίπεδο από ερευνθτικά 
κζντρα και βιομθχανίεσ  

 Ποικίλα μονοπάτια και ςτόχοι 
για κεραπευτικι παρζμβαςθ 

Μελλοντικζσ θεραπείεσ ςτην 
οςτεοπόρωςη 



1. Η ρφκμιςθ τθσ οςτεοκλαςτογζνεςθσ και 
δραςτθριότθτασ των οςτεοκλαςτϊν από 
τα κφτταρα τθσ οςτεοβλαςτικισ ςειράσ 
μζςω παραγόντων τθσ οικογζνειασ TNF 
και των αντίςτοιχων υποδοχζων 

2. Ta μονοπάτια μετάδοςθσ ςιματοσ για 
αυτοφσ τουσ μθχανιςμοφσ 

3. Η  δράςθ ενηφμων από τουσ 
οςτεοκλάςτεσ ςτθν διαδικαςία τθσ 
οςτικισ απορρόφθςθσ 

4. Η ςθμαντικι επίδραςθ ςυγκεκριμζνων 
γονιδίων ςτθν οςτικι παραγωγι, όπωσ 
ζχει μελετθκεί από τθν γενετικι 
ανάλυςθ οριςμζνων ςπανίων 
ςυνδρόμων και  από πειραματικζσ 
μελζτεσ 

Μονοπάτια και ςτόχοι μελλοντικήσ 
θεραπευτικήσ παρζμβαςησ 



   Νζα αντικαταβολικά φάρμακα 
 Kλαςςικό μηχανιςμό δράςησ 

 SERM’s, (SARM’s) 

 Νζουσ μηχανιςμοφσ δράςησ 

 Denosumab (MAb-RANKL) 

 Glucagon-like peptide 2 

 Integrin antagonists 

 Cathepsin-k antagonists 

 

Μελλοντικζσ θεραπεΙεσ ςτην 
οςτεοπόρωςη 



Νζα αναβολικά φάρμακα 

 Kλαςςικό μηχανιςμό δράςησ 

 Αmino-terminal fragments of PTH  

 Νζουσ μηχανιςμοφσ δράςησ 

 Calcium sensing receptor antagonists 

 Sclerostin 

 Activin inhibitors 

 

 

 

Μελλοντικζσ θεραπεΙεσ ςτην 
οςτεοπόρωςη 



Νζα αντικαταβολικά φάρμακα 
Kλαςςικό μηχανιςμό δράςησ 

SERM’s 

 Raloxifene (1997-prevention, 1999-treatment) 

 

 Αφξθςθ BMD 

 Ελάττωςθ λιπιδαιμικοφ προφίλ 

 Χωρίσ επίδραςθ ςτο ενδομιτριο 

 Ελάττωςθ κινδφνου διθκθτικοφ Ca μαςτοφ 76% - STAR 

trial-2006 

 •Lasofoxifene – LASO 
•Bazedoxifene 
•Arzoxifene  
 
  



Years in Study
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Placebo

Raloxifene

Επίδραςθ τθσ ραλοξιφαίνθσ ςτον (ER+) διθκθτικό 
καρκίνο του μαςτοφ (MORE +CORE) 8 ζτθ 
All 7705 Randomized Participants in MORE 

p <0.001 

HR 0.24 

95% CI (0.15-0.40) 

N=7705 

76% 

Martino S. et al, Journal of the National Cancer Institute. 2004;96:1751-1761 



Μελζτθ STAR 

 Εμφάνιςθ Διθκθτικοφ Καρκίνου του Μαςτοφ κατά τθν 

διάρκεια τθσ μελζτθσ 
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Χρόνοσ από τυχαιοποίθςθ (μινεσ) 

  At Risk by Year # Ρυκμόσ/1.000 
Θεραπεία  0 3 6 Περιςτ. ςτα 6 ζτθ P-value 

Σαμοξιφαίνθ 9726 6653 809 163 25.1 0.83 

Ραλοξιφαίνθ 9745 6703 833 168 24.8 

Vogel VG et al. JAMA Online June 5, 2006 doi:10.1001/jama.295.23.joc60074 



Lasofoxifene - LASO (PEARL study : 

Postmenopausal Evaluation And Risk-reduction 
with LASO) 

8.556 γυναίκεσ / χοριγθςθ 3 ζτθ 
 Pl vs Laso (0.25, 0.5mg/d) 

 0.25mg/d  
 Μείωςθ # ςπονδφλων κατά 31%(P<0.002) 
 Μείωςθ κινδφνου ER+ Ca μαςτοφ κατά 84% 
 0.5mg/d  
 Μείωςθ # ςπονδφλων κατά 42% (P<0.002) και των 

μθ ςπονδυλικϊν κατά 22%(P=0.02) 
 Μείωςθ κινδφνου ΑΕ κατά 36% αλλά αφξθςθ 

κινδφνου VTE 
  Μείωςθ κινδφνου ER+ Ca μαςτοφ κατά  67% 

 

  
 

Cummings SR, Eastell R, Ensrud K, Reid DM, Vukicevic S, LaCroix A, Sriram U, Thompson D, Thompson JR, Delmas PD. The effects of 
lasofoxifene on fractures and breast cancer: 3-year results from the PEARL trial. J Bone Miner Res. 2008 Sep;23(Suppl 1):S81. 



 3-yr, randomized, double-blind, placebo- and active-

controlled study 

 6847 healthy postmenopausal women with osteoporosis 

 bazedoxifene 20 or 40 mg/d, raloxifene 60 mg/d, or 

placebo 

 Bazedoxifene significantly improved BMD and reduced bone 

marker levels (p < 0.001 versus placebo) 

 new vertebral fractures was significantly lower with 

bazedoxifene 20 mg (42%), , bazedoxifene 40 mg (37%) 
and raloxifene 60 mg (42%) compared with placebo (p < 

0.05)  

 

Bazedoxifene 

Silverman SL, Christiansen C, Genant HK, Zanchetta JR, Vukicevic S, Valter I, de Villiers TJ, Ciesielska M, Chines AA. Efficacy of 
bazedoxifene in reducing the incidence of nonvertebral fractures in postmenopausal osteoporotic women at higher fracture risk. J Bone 
Miner Res. 2008 Sep;23(Suppl 1):S472. 



Bazedoxifene 

 Mελζτθ  Phase III / μετανάλυςθ 

    1.772 γυναίκεσ με neck T score ≤-3.0 και/ι ≥1 μζτρια ι 

≥2 ιπια ςπονδυλικά # 

 20 mg showed a 50% and 44% reduction in 

nonvertebral fracture risk relative to placebo (p = 0.02) 

and raloxifene 60 mg (p = 0.05), respectively 

 The incidence of vasodilatation, leg cramps, and venous 

thromboembolic events was higher with bazedoxifene 

and raloxifene compared with placebo. 

 

 

  

 
  

J Bone Miner Res. 2008 Sep;23(Suppl 1):S472. 





 In patients with 10-year fracture probabilities at or above 17% 

  significant decrease in the risk of all clinical fractures (the 80th 
percentile of risk) 

 For morphometric vertebral fractures, bazedoxifene was associated 
with a significant decrease in risk with 10-year fracture probabilities 
above 7.3% (the 44th percentile of risk) 

 Bazedoxifene (20 and 40mg doses combined) significantly 
decreases the risk of all clinical fractures and morphometric 
vertebral fractures in women at or above a FRAX® based fracture 
probability threshold 



 Materials and Methods: 1434 γυναίκεσ/24 μινεσ 

 BMD T-score at the lumbar spine or femoral neck between –1.0 and −2.5 
or clinical risk factors for osteoporosis  

 five groups: bazedoxifene 10, 20, or 40 mg/d, placebo, or raloxifene 60 
mg/d.  

 BMD of the lumbar spine, hip, femoral neck, and femoral trochanter  

 biomarkers of bone metabolism  

 Treatment with bazedoxifene prevented bone loss and 
reduced bone turnover equally as well as raloxifene and 
was generally well tolerated in postmenopausal women 
with normal/low BMD. 
 

       Journal of Bone and Mineral Research April 2008:23:525-535 (doi: 10.1359/jbmr.071206 

Effects of Bazedoxifene on BMD and Bone Turnover in 

Postmenopausal Women: 2-Yr Results of a Randomized, Double-Blind, 

Placebo-, and Active-Controlled Study 
Paul D Miller, 1   Arkadi A Chines, 2   Claus Christiansen, 3   Hans C Hoeck, 3   David L Kendler, 4   E Michael Lewiecki, 5   Grattan Woodson, 6   Amy B Levi

ne, 2   Ginger Constantine, 2   Pierre D Delmas 



OC26 - ARZOXIFENE IN POSTMENOPAUSAL WOMEN 
WITH NORMAL OR LOW BONE MASS 
M. Bolognese1, J. Krege2, W. Utian3, R. Feldman4, S. Broy5, D. 
Meats2, J. Alam2, M. Lakshmanan2, M. Omizo6; 

 24-month, Phase 3, doubleblind, multicenter trial of 
postmenopausal women 

 Femoral neck or lumbar spine bone mineral density (BMD) T-
score between-2.5 and 0  

 arzoxifene 20mg/day (N=172) /placebo (N=159)  

 Conclusion: In postmenopausal women with normal 
to low bone mass, arzoxifene 20mg/day increased 
BMD at all sites(lumbar spine 3.2%, total hip 2.3%, 
femoral neck 2.1%, and trochanter  3.0% (p<0.001 
for all comparisons) 

 had a neutral effect on the uterus and endometrium 
 



OC30 - ARZOXIFENE VERSUS RALOXIFENE: 12-MONTH 
EFFECTS ON BONE MINERAL DENSITY, BONE TURNOVER 
MARKERS, AND SAFETY PARAMETERS IN POSTMENOPAUSAL 
WOMEN WITH OSTEOPOROSISJ. Zanchetta1, S. Palacios2, D. Cox3, J. Stock3, S. Dowsett3, D. Kendler 
 
 

 Phase 3, double-blind, 12-month study,arzoxifene 
20mg/d(N=158)/raloxifene 60mg/d (N=162)  

 

 

 

 

 

 Conclusions: In this study, arzoxifene treatment 
increased BMD and suppressed bone turnover to a 
greater extent than raloxifene, and resulted in a lower 
incidence of new/worsening hot flushes.  

 

 



selective androgen receptor 

modulators (SARMs)  

 SARMs have been demonstrated to have 
fewer clinical applications to date, but 
continue to be investigated for use in 
multiple disorders in which androgen 
receptor modulation is likely to be important 

 SARMs are currently being investigated 
mostly for use in prostate cancer at different 
stages but hold promise for multiple other 
applications 

Curr Opin Rheumatol. 2009 Jul;21(4):374-9. 



   Νζα αντικαταβολικά φάρμακα 

 Kλαςςικό μηχανιςμό δράςησ 

 SERM’s 

 Νζουσ μηχανιςμοφσ δράςησ 

 Denosumab (MAb-RANKL) 

 Glucagon-like peptide 2 

 Integrin antagonists 

 Cathepsin-k antagonists  

 

 

Μελλοντικζσ θεραπεΙεσ ςτην 
οςτεοπόρωςη 



Glucagon-like peptide 2 

 Glucagon-like peptide 2 (GLP-2) is a polypeptide 
hormone released from the intestinal mucosa in response 
to food intake 

 Bone remodeling occurs according to a circadian 
rhythm, with bone resorption rising in the night 

 The rhythm is affected by the rate of food intake, for 
example by nocturnal fasting 

 Treatment with GLP-2 at bedtime results in a substantial 
reduction in the bone resorption that normally occurs 
overnight and does not seem to reduce bone formation, 
as evidenced by stable levels of osteocalcin 

 

 



 120-day phase II trial of GLP-2 in 160 

postmenopausal women 

 increase in hip BMD 

 reduction in the nocturnal rise in the 

concentration C telopeptide with no effect on 

osteocalcin 

 

 

Glucagon-like peptide 2 

Henriksen DB et al. (2007) GLP-2 significantly increases hip BMD in postmenopausal women: 

a 120-day study 29th Annual Meeting of the American Society for Bone and Mineral 

Research: 2007 September 16–20; Honolulu, HI 

 Henriksen DB et al. (2008) GLP-2 acutely uncouples bone resorption and bone formation in 

postmenopausal women 30th Annual Meeting of the American Society for 

Bone and Mineral Research: 2008 September 12–16;Montréal, Quebéc, Canada 

 



   Νζα αντικαταβολικά φάρμακα 

 Kλαςςικό μηχανιςμό δράςησ 

 SERM’s 

 Νζουσ μηχανιςμοφσ δράςησ 

 Denosumab (MAb-RANKL) 

 Glucagon-like peptide 2 

 Integrin antagonists 

 Cathepsin-k antagonists 

 

 

Μελλοντικζσ θεραπεΙεσ ςτην 
οςτεοπόρωςη 



 αvβ3 integrin (vitronectin receptor) 

 Genetically engineered mice with deleted genes for 

αvβ3    integrin develop osteopetrosis 

 



 Ο υποδοχζασ αvβ3 τθσ ιντεγρίνθσ που παράγεται 
ςτουσ οςτεοκλάςτεσ διαδραματίηει ρυκμιςτικό 
ρόλο ςτθν οςτεοκλαςτικι δραςτθριότθτα 

 Πεπτίδια μικροφ μοριακοφ βάρουσ δεςμευόμενα 
με τον αvβ3, αναςτζλουν τθν οςτικι απορρόφθςθ 

 MK0429 (Merck) ζχει αποδείξει ευνοικι επίδραςθ 
ςτθν οςτικι απώλεια από απώλεια οιςτρογόνων 
ςε πειραματικά μοντζλλα  

 

 J Clin Endocrinol Metab, April 2005, 90(4):2022–2028 Murphy et al. • L-000845704 in Osteoporotic 

Women 

ΑΝΣΑΓΩΝΙ΢ΣΕ΢ ΙΝΣΕΓΚΡΙΝΗ΢ 



ΑΝΣΑΓΩΝΙ΢ΣΕ΢ ΙΝΣΕΓΚΡΙΝΗ΢ (avβ3),  
 

     12μθνθ χοριγθςθ L-000845704 (MK 0429)ςε δόςθ 100 ι 400mg once 

daily, 200mg twice daily p.os ι placebo ςε 227 μετεμμθνοπαυςιακζσ 
γυναίκεσ με οςτεοπόρωςθ προκάλεςε αφξθςθ τθσ ΟΠ ςτθν ΟΜΣΣ και 
μείωςθ NTX οφρων  

J Clin Endocrinol Metab, April 2005, 90(4):2022–2028 Murphy et al. • L-000845704 in Osteoporotic 

Women 



   Νζα αντικαταβολικά φάρμακα 

 Kλαςςικό μηχανιςμό δράςησ 

 SERM’s 

 Νζουσ μηχανιςμοφσ δράςησ 

 Denosumab (MAb-RANKL) 

 Glucagon-like peptide 2 

 Integrin antagonists 

 Cathepsin-k antagonists 

 

 

Μελλοντικζσ θεραπεΙεσ ςτην 
οςτεοπόρωςη 



ΚΑΘΕΨΙΝΕ΢-Cathepsin - K 

 Ανικουν ςτθν ομάδα των πρωτεαςϊν (υδρολφουν 
πεπτιδικοφσ αμιδικοφσ δεςμοφσ) 

 Γνωςτζσ και ωσ πρωτεΐνάςεσ, πεπτιδάςεσ, 
πρωτεολυτικά ζνηυμα 

 Η Cathepsin – K ανικει ςτισ κυςτεινικζσ πρωτεάςεσ 

 Οι κυςτεινικζσ πρωτεάςεσ είναι το ζνα τζταρτο των 
πρωτεαςϊν 

 Η Cathepsin – K είναι θ μόνθ πρωτεάςθ που 
διαςπά τουσ τριπλοφσ δεςμοφσ του κολλαγόνου ςε 
μικρά πεπτίδια 

Decreased Bone Turnover and Deterioration of Bone Structure in Two Cases of Pycnodysostosis The Journal of 

Clinical Endocrinology & Metabolism 89(4):1538–1547 



 



Cathepsin - K 

 Εκφράηεται ςτουσ οςτεοκλάςτεσ 

 ΢τθν φάςθ τθσ οςτικισ απορρόφθςθσ ςε όξινο περιβάλλον 
διαςπά κυρίωσ το κολλαγόνο τφπου Ι, τθν οςτεοποντίνθ και 
οςτεονεκτίνθ 

 Η αναςτολι τθσ Cathepsin – K φαίνεται να ζχει μικρότερθ 
επίδραςθ ςτθν ςφνδεςθ οςτικισ απορρόφθςθσ και παραγωγισ 
από ότι τα διφωςφονικά με αποτζλεςμα μικρότερθ επίδραςθ 
ςτθν αναςτολι τθσ οςτικισ παραγωγισ 

 
Cathepsin K Inhibitors: Their Potential as Anti-Osteoporosis Agents. (2004) D.N.Deaton, S 

Kumar - Progress in Medicinal Chemistry – Vol. 42 



ΠΤΚΝΟΔΤ΢Ο΢ΣΩ΢Η 

 

 

 

•Μετάλλαξθ του γονιδίου τθσ 
cathepsin K  που προκαλεί 
ανεπάρκεια  
•Σπάνια αυτοςωματικι νόςοσ 
που προκαλεί οςτεοπζτρωςθ 
•αυξθμζνθ BMD, ευκραυςτότθτα, 
κοντό    ανάςτθμα, δυςμορφία 
κρανίου 
 



Cathepsin K Inhibitors: Their Potential as Anti-Osteoporosis Agents. (2004) D.N.Deaton, S Kumar - 

Progress in Medicinal Chemistry – Vol. 42 

•Οςτεοκλάςτεσ με μεγάλεσ 
κυττοπλαςματικζσ κφςτεισ  
• δεν μποροφν να διαςπάςουν 
το κολλαγόνο τθσ κεμζλιασ 
ουςίασ 
•Το βάκοσ τθσ κοιλότθτασ 
απορρόφθςθσ είναι ςθμαντικά 
ελαττωμζνο 
•Σοβαρι ςκλθροςτζωςθ 
•Αφξθςθ του πάχουσ των 
κρυςτάλλων (low bone turnover)  
•Διαταραχι τθσ οργάνωςθσ του 
ςπογγώδουσ οςτοφ 

ΠΤΚΝΟΔΤ΢Ο΢ΣΩ΢Η 



Αναςτολείσ cathepsin K 



odanacatib (MK-0822) and 

balicatib (AAE581), have 

demonstrated pharmacodynamic 

activity based on reductions in 

bone resorption markers and 

increases in BMD in humans 

Αναςτολείσ cathepsin K 



balicatib,  
 

 multicenter, randomized, placebo-controlled, 12-month study 

 675 postmenopausal women (mean age 62 years) with LS BMD T-
score less than −2, were treated with 5,10, 25, or 50 mg balicatib 
daily or placebo 

 Balicatib increased LS BMD  P < 0.0005 for the 10, 25, and 50 mg 
groups vs. placebo 

 Balicatib also increased hip BMD P < 0.0005 for the 10, 25, and 50 
mg groups vs. placebo) 

 A dose-dependent reduction in bone resorption markers with little 
effect on serum bone-formation markers were observed 

 A higher incidence of skin adverse experiences  was observed. A 
small number of patients experienced scleroderma/morphea-like 
skin changes which improved after discontinuing therapy 
 
 

Adami, S. et al. Effect of  one year treatment with the cathepsin-K inhibitor, Balicatib, on bone mineral density 

(BMD) in postmenopausal women with osteopenia/osteoporosis. J. Bone Miner. Res. 21, S24 (2006). 



 

•A multicenter, randomized, placebo-controlled trial 

•12 months of dosing in 399 postmenopausal women  
•BMD (mean T-scores ≤ −2.0 and ≥ −3.5) at LS, femoral neck, 

trochanter, or total hip 

• dose-dependent increases in BMD from baseline 

•The highest dose of odanacatib evaluated (50 mg) resulted in a 

3.4% increase in LS BMD, a 2.5% increase in femoral neck BMD, 

and a 58% reduction in uNTx/Cr 

•Odanacatib was shown to be generally safe and well tolerated 

with no dose-related trends in adverse experiences 

•Rash was reported in 8.4 and 3.8% of those in the placebo and 

50-mg arms, respectively 
 

Bone, H.G. et al. A randomized double-blind, placebo-controlled study of  a cathepsin K inhibitor in 

the treatment of postmenopausal women with low BMD one-year results. J. Bone. Miner. Res. 

S37 (2007). 

 

odanacatib  



          24- month results of a randomized controlled trial 

 increases in spine and hip density (5.5% and 3.2%, respectively).  

 Urine N-telopeptide of type I collagen (uNTX) and bone-specific 
alkaline phosphatase (BSAP) decreased 52% and 13%, 
respectively, in patients on odanacatib 

 These findings suggest that odanacatib produces less inhibition of 
bone formation than seen with current antiresorptive therapies. 

 The safety profile of odanactib was generally favorable, with no 
dose-related trends in adverse experiences 

 Preliminary transilial biopsies (N=27) indicated no significant 
effect on bone remodeling at 24 months. 
 

        McClung M et al. (2008) A randomized, double-blind, placebo-controlled study of odanacatib (MK-822) in the treatment of postmenopausal women with low bone mineral density: 24-month results 30th Annual Meeting of the American Society for Bone and 
Mineral Research:2008 September 12–16; Montréal, Quebéc, Canada 

 OC47 - RANDOMIZED, DOUBLE-BLIND, PLACEBOCONTROLLED STUDY OF ODANACATIB (MK-822) IN THE TREATMENT OF POSTMENOPAUSAL WOMEN WITH LOW BONE MINERAL DENSITY: Results AT 24 MONTHS C. Roux1, A. Santora2, J. Eisman3, H. 
Bone4, M. McClung5, R. Recker6, N. Verbruggen7, C. Hustad2, C. Dasilva2, D. Kimmel Osteoporos Int (2009) 20 (Suppl 1):S5–S22 

 

odanacatib  



 Cathepsin K seems to play a pivotal role in 

modulating bone turnover, and longterm 

deficiency seems to have severe 

repercussions on bone strength 

 This fact should be taken into account when 

cathepsin K antagonists are considered as 

therapeutic agents to treat metabolic bone 

diseases such as osteoporosis 
 

 Decreased Bone Turnover and Deterioration of Bone Structure in Two Cases of 

Pycnodysostosis The Journal of Clinical Endocrinology & Metabolism 

89(4):1538–1547 

ΑΝΑ΢ΣΟΛΕΙ΢ Cathepsin - K 



Νζα αναβολικά φάρμακα 

 Kλαςςικό μηχανιςμό δράςησ 

 Αmino-terminal fragments of PTH  

 Νζουσ μηχανιςμοφσ δράςησ 

 Calcium sensing receptor antagonists 

 Sclerostin 

 Activin inhibitors 

 

 

Μελλοντικζσ θεραπεΙεσ ςτην 
οςτεοπόρωςη 



Αmino-terminal fragments of PTH 

 Cyclic PTH1–31 has been hypothesized to produce a more 
anabolic profile than PTH1–34 or PTH1–84 

 PTH1–31 at doses that provide a good bone-formation 
response, decrease bone resorption  

 A 12-month phase II dose-ranging trial in postmenopausal 
women demonstrated an increase in lumbar spine BMD of 11% 

 Selected amino acid substitutions at various positions in PTH1–
28 have been shown to increase the activity of this hormone, 
suggesting that more-potent PTH ligands might be available  

            MacDonald B et al. (2008) An active controlled, non-inferiority study to compare the effect of ZT-031with alendronate on the incidence of new vertebral fractures: the PACE (cyclic PTH 
and alendronate comparative efficacy) study 30th Annual Meeting of the American Society for Bone and Mineral Research:2008 September 12–16; Montréal, Quebéc, Canada 

            Okazaki M et al. (2008) Identification and optimization of residues in PTH and PTHrP that determine altered modes of binding to the PTH/PTHrP receptor. 30th Annual Meeting of the 
American Society for Bone and Mineral Research:2008 September 12–16; Montréal, Quebéc, Canada 



Νζα αναβολικά φάρμακα 

 Kλαςςικό μηχανιςμό δράςησ 

 Αmino-terminal fragments of PTH  

 Νζουσ μηχανιςμοφσ δράςησ 

 Calcium sensing receptor antagonists 

 Sclerostin 

 Activin inhibitors 

 

 

Μελλοντικζσ θεραπεΙεσ ςτην 
οςτεοπόρωςη 



Τποδοχζασ αςβεςτίου (calcium-sensing 

receptor [CaR]) 

 Είναι ζνασ G-πρωτεινικά-
δεςμευμζνοσ υποδοχζασ τθσ 
επιφάνειασ των κυττάρων που 
ανιχνεφει απειροελάχιςτεσ 
αλλαγζσ τθσ ςυγκζντρωςθσ του 
ιονιςμζνου αςβεςτίου ςτον ορό 

 Αςκεί δράςθ ςτουσ 
παρακυρεοειδείσ αδζνεσ, ςτα C 
κφτταρα του κυρεοειδοφσ ςτον 
νεφρό και ςτο ζντερο 
ρυκμίηοντασ τθν ομοιοςταςία 
του αςβεςτίου 

΢τα οςτά  ρυκμίηει τθν 
οςτικι παραγωγι και 
απορρόφθςθ 



 Positive allosteric modulators—calcium 
sensing-receptor agonists termed 

calcimimetics, such as cinacalcet—are used to 

lessen PTH secretion in patients with renal 

disease and hyperparathyroidism 

 Negative allosteric modulators—calcium-

sensing-receptor antagonists termed 
calcilytics—are in development for the 

treatment of osteoporosis 

Σροποποιθτζσ του υποδοχζα αςβεςτίου 
(calcium-sensing receptor [CaR]modulators) 





Calcilytics 

 Negative allosteric modulators calcium-sensing-
receptor antagonists termed calcilytics are in 
development for the treatment of osteoporosis 

 These agents block the function of calcium-sensing 
receptors, resulting a PTH pulse with each dose  

 Calcilytics can be administered orally and would, 
therefore, remove the need for daily injections 
associated with teriparatide administration 



Calcilytics 

 Calcilytics must meet several important 

requirements before they can be useful as 

anabolic agents 

 They must stimulate the release of sufficient PTH 

 Anabolic action requires a short half-life and 

transient activation of the receptor 

 The molecule should not exhaust the parathyroid 

gland, which would result in hyperplasia 



Calcilytics 

 Ιn rats the calcilytic ronacaleret  has a short half-life 

and produces a PTH response 

 Ιncreases both cortical and trabecular bone 

 Ιncreases in markers of osteoblast function such as 

propeptide of type I procollagen, osteocalcin and 

bone-specific alkaline phosphatase equivalent to those 

seen with teriparatide 

 A dose-ranging clinical trial of ronacaleret in humans 

was discontinued due to a poor effect on BMD 

 



MERCK & CO., INC. AND JAPAN TOBACCO INC. SIGN LICENSING AGREEMENT 

FOR NOVEL OSTEOANABOLIC DRUG CANDIDATE TO TREAT OSTEOPOROSIS 
Whitehouse Station, N.J. and Tokyo, Japan,  
September 25, 2008 –  

 
 JTT-305 is an investigational oral 

calcium sensing receptor (CaSR) 

antagonist  

 Ιs currently being evaluated by in 

Phase II clinical trials in Japan for its 

effect on increasing bone density and is 

in Phase I clinical trials outside of 

Japan 



Νζα αναβολικά φάρμακα 

 Kλαςςικό μηχανιςμό δράςησ 

 Αmino-terminal fragments of PTH  

 Νζουσ μηχανιςμοφσ δράςησ 

 Calcium sensing receptor antagonists 

Sclerostin 
 Activin inhibitors 

 
 

Μελλοντικζσ θεραπεΙεσ ςτην 
οςτεοπόρωςη 



SCLEROSTIN AND WNT 
SIGNALING—THE PATHWAY TO 
BONE STRENGTH 
 The Journal of Clinical Endocrinology & Metabolism 90(12):6741–6743 
Copyright © 2005 by The Endocrine Society 



Wnt γονίδια 

 Η ονομαςία προκφπτει από το 
γονίδιο wingless τθσ drosophila και 
το γονίδιο int, που εντοπίηεται ςτα 
ποντίκια 

 Mεγάλθ γονιδιακι οικογζνεια 
εξωκυττάριων γλυκοπρωτεινϊν 
πλουςίων ςε κυςτείνθ  

 Κωδικοποιοφν πρωτεΐνεσ 
εμπλεκόμενεσ ςτθν κυτταρικι 
ανάπτυξθ, τον οςτικό μεταβολιςμό 
και ςτθν εμφάνιςθ νοςθμάτων 



 Η παρουςία ςτον εξωκυττάριο χϊρο των Wnt 
πρωτεινϊν  προάγει τθν ςφνδεςθ των μεμβρανικϊν 
υποδοχζων  frizzled (Fz) και lipoprotein-receptor-
related protein 5/6 (LRP5/6) μεταξφ τουσ 
 

 Αποτζλεςμα τθσ ςφνδεςθσ των frizzled (Fz) και LRP5/6 
πρωτεινικϊν υποδοχζων είναι θ αναςτολι τθσ 
φωςφορυλίωςθσ και ςυνεπϊσ ενδοκυττάρια 
ςυςςϊρευςθ β-κατενίνθσ θ οποία μεταφερόμενθ ςτον 
κυτταρικό πυρινα προάγει τθν μεταγραφι γονιδίων 
απαραίτθτων για τθν οςτικι παραγωγι 
 

 Επι απουςίασ των Wnt πρωτεινϊν  θ β-κατενίνθ 
φωςφορυλιϊνεται και διαςπάται και δεν προάγει τθν 
μεταγραφι γονιδίων απαραίτθτων για τθν οςτικι 
παραγωγι 

 

Wnt γονίδια 





Εξωκυττάριεσ πρωτεΐνεσ που αναςτζλλουν το Wnt 

μονοπάτι οδθγϊντασ ςε μείωςθ τθσ οςτικισ παραγωγισ 

 
 Serum frizzled-related proteins:αναςτζλλουν 

τον frizzled 
 Wnt inhibitory factors:αναςτζλλουν τον Wnt  
    sFRP (secreted Frizzled related protein) : 

υποδοχζασ που ενώνεται με τθ Wnt 
 Αναςτολι του LRP5/6  

    Sclerostin 
    Dkk (Dickkopf = thick head 

 
 
 



 

Editorials 

REGULATION OF BONE FORMATION AND VISION BY LRP5 

The New England Journal of Medicine 2002 

Wnt pathway  



Αναςτολι του LRP5/6  
 

Sclerostin : ςυνδζεται με 
το lrp5/6 

Dkk (Dickkopf = thick 

head) : αναςτζλλει τθν 
δράςθ του lrp5/6 

  



Γονιδιακι εξάλειψθ των 
ανωτζρω αναςτολζων ι 
αντιςϊματα ζναντι αυτϊν 
αυξάνουν το Wnt μονοπάτι και 
ςυνεπϊσ τθν οςτικι παραγωγι 

Εξωκυττάριεσ πρωτεΐνεσ που 
αναςτζλλουν το Wnt μονοπάτι 



SCLEROSTIN 

 Εκφράηεται από τα ϊριμα οςτεοκφτταρα (SOST 

gene) 

 Μζςω αναςτολισ του μονοπατιοφ Wnt αναςτζλλει 
τθν ωρίμανςθ και δραςτθριότθτα των 
οςτεοβλαςτϊν και επιφανειακϊν κφτταρων (lining 

cells) 

 Ελζγχει τθν ζκταςθ τθσ παραγωγισ οςτοφ ϊςτε να 
αποφευχκεί ανεξζλεγκτθ αφξθςθ οςτοφ 
(ςκλθροςτζωςθ) 

Sclerostin is a delayed secreted product of osteocytes that inhibits bone formation – 2005 Faseb 

Journal 



sclerostin 

 Τα οςτεοκφτταρα παράγοντασ sclerostin  καταςτζλλουν 
τα πρόδρομα οςτικά κφτταρα 

 Σθμαντικό ρόλο ςτθν προςαρμογι του ςκελετοφ, μετά 
από εφαρμογι δυνάμεων 

 Όταν οι δυνάμεισ γίνονται ιςχυρζσ, δθμιουργοφνται 
οςτικζσ βλάβεσ, ακολουκοφμενεσ από οςτικι 
απορρόφθςθ 

 Ακολουκεί απόπτωςθ των οςτεοκυττάρων με 
αποτζλεςμα να μθν παράγεται ςκλθροςτίνθ 

 Ζτςι τα κφτταρα που βρίςκονται ςτθν επιφάνεια του 
οςτοφ  διαφοροποιοφνται ςε οςτεοβλάςτεσ, ικανοφσ 
να παράγουν νζο οςτοφν 



 human disease of high bone mass, is the result of a 
homozygous mutation in the SOST gene, which encodes 
sclerostin 

 A deficiency of sclerostin results in increased Wnt 
signaling and high bone mass 

 in the skull causes entrapment of cranial nerves and 
increased intracranial pressure, which can subsequently 
lead to stroke 

 Heterozygous mutations in the SOST gene result in 
moderate increases in bone mass and fewer skeletal 
complications 

Sclerosteosis 

Gardner JC et al. (2005) Bone mineral density in 

sclerosteosis; affected individuals and gene carriers. 

J Clin Endocrinol Metab 90: 6392–6395 



 Antisclerostin antibody increased bone formation 
and decreased bone resorption in distal tibial 
metaphyseal trabecular bone in ovariectomized 
(OVX) rats 

 Antisclerostin antibody increased BV/TV at all doses 
(2.5, 5, 10, and 25 mg/kg) 

 Διακοπι του φαρμάκου οδιγθςε ςε αναςτροφι των 
ευεργετικών αποτελεςμάτων  

 
Li X, Chen HY, Warmington K, Liu XQ, Niu QT, Thway T, Stouch B, Grisanti M, Tan H, Simonet WS, Paszty C, Jee WS, Ke HZ. Anti-sclerostin 
antibody increases bone formation and decreases bone resorption in distal tibial metaphyseal trabecular bone in ovariectomized rats. J 
Bone Miner Res. 2008 Sep;23(Suppl 1):S120-121. 

Αντίςωμα ζναντι sclerostin (Antisclerostin 
antibody) 



 In postmenopausal women, a single subcutaneous 

dose of an antibody to sclerostin resulted  

 60–100% increase inpropeptide of type I 

procollagen at day 84 of treatment 

 no increase in serum C-telopeptides, 

 6% increase in lumbar spine BMD 
        

       Padhi D et al. (2007) Anti-sclerostin antibody increases markers of bone formation in healthy 
postmenopausal women .29th Annual Meeting of the American Society for Bone and Mineral 

Research: 2007 September16–20; Honolulu, HI 

 

Αντιςϊμα ζναντι sclerostin (Antisclerostin 
antibody) 



 gain-of-function mutation in LRP5receptor causes an autosomal 
dominant disorder characterized by high bone density 

 These mutations impair binding of dickkopf-1 toLRP5/6 and 
permit increased Wnt signaling and bone formation 

 Antibodies against dickkopf-1 prevent binding of dickkopf-1 
to LRP5/6 and increase bone mass, volume and formation in 
rodents 

 Antibodies to dickkopf-1 could be used as an anabolic agent 
for the treatment of patients with low bone mass 
 

 

 dickkopf-1   



Activin inhibitors 

Activin binds to activin receptor IIA and is 

a negative regulator of bone mass, acting 

as an essential cofactor for 

osteoclastogenesis  

 Fibrodysplasia ossificans is caused by 

missense mutations in activin receptor IA 

and leads to increased BMP signaling 

 

 

 



 A fusion protein (ACE-011) has the capacity to bind 

to activin and prevent receptor binding  

 This antibody has been shown to increase bone mass 

in monkeys (>70% increase in trabecular bone 

mass, as determined by quantitative CT) 

 Administration of a single dose of the fusion protein 

to 48 postmenopausal women resulted in an 

increase in levels of bone-specific alkaline 

    phosphatase and a decrease in C-telopeptides 

Activin inhibitors 



΢ΤΜΠΕΡΑ΢ΜΑΣΑ 

 Νζα SERMs :ιςοδφναμθ ι ιςχυρότερθ δράςθ από τθν 
ραλοξιφαίνθ/επίδραςθ ςε μθ ςπονδυλικά κατάγματα 

 Νζοι αντικαταβολικοί παράγοντεσ με διαφορετικοφσ τρόπουσ 
δράςθσ με ςτόχο τθν ικανοποιθτικι αναςτολι τθσ οςτικισ 
απορρόφθςθσ με διατιρθςθ τθσ οςτικισ παραγωγισ 
(Glucagon-like peptide 2,Cathepsin-k antagonists)  

 Νζοι αναβολικοί παράγοντεσ με ιςχυρι αναβολικι δράςθ και 
μικρότερθ επίδραςθ ςτθν οςτεοκλαςτικι δραςτθριότθτα (νζα 
μόρια PTH, calcium sensing antagonists) ι αμιγι επίδραςθ ςε 
μονοπάτια οςτικισ παραγωγισ (μονοπάτι WNT, αναςτολι 
sclerostin, DKK, activin inhibitors) 



ΕΤΧΑΡΙ΢ΣΩ 


