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0 "Opdavn” vooocg yla TToAAa
Xpovia

0 E€eAlooetal og vooo pe
rtoAAATTAEC BEPATIEVUTLKEC
ETULAOYEC OTO HEAAOV

0 Tepaotia Epeuva 0€ PACLKO KoL
KALVLKO ETILITEOO ATIO EPEVVNTIKA
KEVTPOL Kol Blopnxaviec

0 MowkiAa povomatia Kol oTtoxol
yla Oepameutikn mapepfaon



H pUOoN TG 00TEOKAQGTOYEVEONG KoL
SpaoTNPLOTNTAC TWV OOTEOKAQOTWYV OO
ToL KUTTAPA TNG 0OTEOBAACTIKNG OELPALC
HEOW TTAPAYOVTIWV TN oltkoyEvelag TNF
KOlL TWV OLVTLOTOLYWV UTTOSOXEWV

Ta povomartio HETAd0ooNg OAMOTOC Vi
OLUTOUC TOUC NXOLVIOUOUG

H dpdon eviupwyv amno toug
00TEOKAAOTEC otnV dadikaoia tng
OOTLKNG anoppodnonc

H onpavtiki sm&pacn O'UVKEKpllJ.EVUL)V
vovmﬁtwv othv OO"thI‘] napavwvn, OTIWG
EXEL LEAETNOEL Ao TNV YEVETIKN
OVAAUGCH OPLOUEVWV OTTAVIWV
OUVOPOUWV KOl OTTO TTELPOLLLOLTLKEC
MEAETEC
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Fig. 1. Some current anti-resorptive drug development targets (highlighted as 1 to 7) indicated in the
osteoclast. Targeting RANKL or its signaling (1 and 2) inhibits osteoclast formation and activity. Drug
approaches through any of pathways 4 to 7 might inhibit bone resorption without an accompanying inhibition
of bone formation.
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Néa avrikatofoAika pappaka
KAaooiko unyaviouo épaonc

N
O Raloxifene (1997-prevention, 1999-treatment)

o Avénon BMD
0 EAdttwon Autidatpikov npodiA
0 Xwpic enidpaon oto evdéountplo

0 EAdttwon kKwdivou 8indntikov Ca paoctov 76% - STAR
trial-2006

Lasofoxifene — LASO
*Bazedoxifene
Arzoxifene



Enidépaon tn¢ paloéidaivne otov (ER+) dinOntiko
kapKivo tou paotou (MORE +CORE) 8 €1n

All 7705 Randomized Participants in MORE

S 40

o

— p <0.001

g HR 0.24

o 30 95% Cl (0.15-0.40)

@© —

% N=7705

c

% 2 Placebo
2 Raloxifene
- 76%

= 10 -

©

-

=

o 0 P ————

Years in Study

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



MeAetn STAR
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(PEARL study :
Postmenopausal Evaluation And Risk-reduction
with LASO)

8.556 yuvaikec / xopnnynon 3 €tn

o Pl vs Laso (0.25, 0.5mg/d)

0 0.25mg/d

0 Meiwon # ortovéUAwv kota 31%(P<0.002)

0 Meiwon kKwwdUvou ER+ Ca paotou kotd 84%
0 0.5mg/d

0 Meiwon # otovéUAwvV kata 42% (P<0.002) kat Twv
N oTtoVOUALKWYV Katd 22%(P=0.02)

0 Meiwon kwdUvou AE katd 36% aAAd avénon
ktvdUvou VTE

0 Meiwon kwvéuvou ER+ Ca paotou kata 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. ] Bone Miner Res. 2008 Sep;23(Suppl 1):581.



0 3-yr, randomized, double-blind, placebo- and active-
controlled study

0 6847 healthy postmenopausal women with osteoporosis

0 bazedoxifene 20 or 40 mg/d, raloxifene 60 mg/d, or
placebo

0 Bazedoxifene significantly improved BMD and reduced bone
marker levels (p < 0.001 versus placebo)

0 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)

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):5472.



_
0 MeA€tn Phase lll / petavaivon
1.772 yuvaikec pe neck T score <-3.0 kair/n =1 pErpla n
=2 Ao ortovOUALKa #

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):5472.



FRAX & WHO Fracture Risk Assessment Tool

HOME ~ CALCULATIONTOOL |PAPERCHARTS  FAQ REFERENCES Selectalanquage | v
M

Please answer the questions below to calculate the ten year probability of fracture with BMD.

Country : Italy Mame /1D |mic Aboutthe risk factors @

Questionnaire; 10. Secondary osteoporosis Mo aYes

Weight Conversion: 1. Age (between 40-90 vears) or Date of i 11 Alcahal 3 more units perday (No- (o Yes

pound: [ ] Age: Date of birth: 12. Famotal neck BMD

comvert |EE \ Yj|19-‘iﬂ ‘MZmDim T-score M =21

2. ey _Male (s/Female  Clear | [ Calculate

3. Wigight (k) 7

Height Conversion: 4. Height (crm) |;IEiB BMI 3.7 @

The ten year probability of fracture (%)

nch: [ ] 5. Previous fracture Mo (e)Yes

fi. Parent fractured hip oMo Yes B Major osteoporollc
7. Curtent smaoking Mo eYes B Hip fracture

3. Glucocoricoids Mo eYes

9. Rheumatoid arthritis Mo eYes

OhokhnpuBnes @ Internet | Mpoorameupivn kamaaTaan Aermoupylag Evepyn




OC35 - BAZEDOXIFENE REDUCES ALL CLINICAL FRAC-
TURES AND MORPHOMETRIC VERTEBRAL FRACTURES
IN POSTMENOPAUSAL WOMEN AT INCREASED FRAC-
TURE RISK ASSESSED WITH FRAXNT
-I E. McCloskey, H. Johansson, A. Oden, J.A. Kanis; WHO Collabo- -
rating Centre tor Metabolic Bone Diseases, University of Shef-
hield, Shethield, TJEK

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

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

0 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)

0 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

O'steoporos Int (2009) 20 {Suppl 1):55-522
LHOT 10,1007/ =00 198-009-0880-7



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, ' Arkadi A Chines, 2 Claus Christiansen, > Hans C Hoeck, * David L Kendler, * E Michael Lewiecki, > Grattan Woodson, ® Amy B Levi
inger Constantine, 2 Pierre D Delmas

Materials and Methods: 1434 yuvaikec/24 unvec

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

0 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
0 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



OC26 - ARZOXIFENE IN POSTMENOPAUSAL WOMEN

WITH NORMAL OR LOW BONE MASS

M. Bolognesel, J. Krege2, W. Utian3, R. Feldman4, S. Broy5, D.
Meats2, J. Alam2, M. Lakshmanan2, M. Omizoé;

0 24-month, Phase 3, doubleblind, multicenter trial of
postmenopausal women

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

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

0 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)
0 had a neutral effect on the uterus and endometrium

Osteoporos Int (2009) 20 (Suppl 1):55-522
DOT 10,1007/ =00 198 -009-0880-7



OC30 - ARZOXIFENE VERSUS RALOXIFENE: 12-MONTH

EFFECTS ON BONE MINERAL DENSITY, BONE TURNOVER

MARKERS, AND SAFETY PARAMETERS IN POSTMENOPAUSAL

WOMEN WITH OSTEOPOROSISJ. Zanchettal, S. Palacios2, D. Cox3, J. Stock3, S. Dowsett3, D. Kendler

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

Percent change in BEMID and bone turnover markers from baseline to end-

point
Faloxifene aDmg/d Arzoxifene 20mg/d
Lumbar spine BMI» | 66% S oo
Femoral neck BRD 0. AsT 1.53%,
Total hip BMD 0820 1.539
T -20.B0%, -0 A%
PIMNP -30.8% -41.59;

Mean percent change in BMD and median percent change in bone mark-
ers are presented. CTX - C-telopeptide of tvpe I collagen; PINP - MN-ter-
minal propeptide of tvpe I procollagen. P<0.05 for all treatment group

COmparisons.

0 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.

Ostecporos Int (2009) 20 (Suppl 1):55-522
] 1, LD 7 =D S - — S S 0-7F



selective androgen receptor

modulators SSARMsz
.

1 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

0 SARMs are currently being investigated
mostly for use in prostate cancer at different
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Glucagon-like peptide 2

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

-1 Bone remodeling occurs according to a circadian
rhythm, with bone resorption rising in the night

-1 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




Glucagon-like peptide 2
—

1 120-day phase Il trial of GLP-2 in 160
postmenopausal women

1 increase in hip BMD

1 reduction in the nocturnal rise in the
concentration C telopeptide with no effect on

osteocalcin
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a fB; integrin (vitronectin receptor)

Calcitonin receptors

0‘RANKL . @

RANK

JNK = TRAF2
NF-xB<— TRAF6

(3
° " P avB3 integrin

s Lysc
Z
H*-ATPase
o Cathepsin K

Fig. 1. Some current anti-resorptive drug development targets (highlighted as 1 to 7) indicated in the
osteoclast. Targeting RANKL or its signaling (1 and 2) inhibits osteoclast formation and activity. Drug
approaches through any of pathways 4 to 7 might inhibit bone resorption without an accompanying inhibition

of bone formation.
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1 O urtoboxEac av33 tn¢ teypivng mou mopayeToL
oTouc ooteokAaotec Stadpapatifel puOLLOTIKO
POAO OTNV 00TEOKAQOTIKA SpaoTnpLotnTa

0 MNemntidla pikpov poplakou Bapouc deopevopeva
LE TOV Av[33, avaoTtEAOUV TNV OCTLKN armoppodnon
0 MKO0429 (Merck) €xeL amodeiéel euvolkn emidpaon

OTNV OOTLKN ATIWAELA ATIO ATIWAELQ OLOTPOYOVWV
O€ TIELPOLUATIKA LOVTEAANL

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



12unvn xopniynon L-000845704 (MK 0429)oe 66on 100 1 400mg once
daily, 200mg twice daily p.os i placebo o€ 227 PETEUPNVOTIOUGLOKEG
YUVOLKEC LE ooTeoTOpwon NpokaAeoe avénon tng OMN otnv OMZZ Kall
Heilwon NTX oUpwv
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0 AVAKOUV oTnV opada tTwv npwteacwyv (VdpoAuouv
NENTLOKOUC apudikou g deopouc)

0 T'VWOTEC KAl WC MPWTEIVACECG, MENTIOAOEC,
NPWTEOAUTIKA EVILOL

0 H Cathepsin — K avKeL 0TLC KUGTELWVIKEC TIPWTEAOCEC

0 Ol KUOTELVIKEC TIPWTEACEC ELVOLL TO EVOL TETAPTO TWV
MPWTEACWV

0 H Cathepsin — K givat n povn npwtedon nov
Staona toug TPMAoUC deopOUC TOU KOAAQYOVOU OE
HLKPA TEMTiOLOL

Decreased Bone Turnover and Deterioration of Bone Structure in Two Cases of Pycnodysostosis The Journal of
Clinical Endocrinology & Metabolism 89(4):1538-1547



Collagen Degradation by Cathepsin K

Unspecific Proteases (Cathepsin K
(L) (K}

TSRO, B ST
i)

%9 100102) 810 811 (al)

JESRDDUED Bk

814 B15{ed)

0
2

Interstitial Collagenases
(8]

Tch 775 776 TG

ISR (=

32361

Fic. 3. Mechanism for proteolytic degradation of collagen in mammals. Tvpe I collagen molecules consist of two ol chains and one a2
chain associated in triple helix except at the ends (telopeptides). In the extracellular matrix, type I collagen molecules are cross-linked by
pyridinoline and deoxypyridinoline involving the telopeptide region. Unspecific proteinases (L) including cathepsins L, B, and 8 cleave collagen
molecules only in the telopeptides and not in the native triple helix, generating monomers of type I collagen. Interstitial eollagenases (C), such as
MMP-1, MMP-2, MMP-8, MMP-13, and neutrophil elastase, cleave type I collagen within the native triple helix at a single site (between amino
acids 775 and 776) generating the **N-terminal (TC*) and Y*C-terminal (TC*) fragments. Cathepsin K (K) cleaves collagen molecules both in the
telopeptides and at multiple sites within the native triple helix, generating fragments of various sizes. Only the cleavage sites that were identified
in this study by amino acid sequencing and ELISA for CTX are shown on the diagram. The numbering of the amino acids shown on the collagen
fragments starts from the first GXY triplet of the triple helical domain. The abhreviations are the same as in Fig. 2.
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Current Opinion in Pharmacology

Ekdppaletol oTOUC 0OTEOKAAOGTEC

2tnVv $Aon TG 0oTIKNG anoppodnonc o€ o&wvo nepBailov
Sdtaomna Kupiwg to KoAAayovo Ttumov |, Tnv ooteomovtivn Kot
OOTEOVEKTIVN

H avaotoAn tng Cathepsin — K ¢paivetar va £xeL pkpotepN
ENi6paon otV oUVSEGCH OOTIKNAC anopeodnone Kot IMoPOYWYNC
orto OTL Ta SLPWOPOVIKA LE ATMOTEAECHA LKPOTEPN ENidpaon

OTNV AVOLOTOAN TNC OOTLKNG TTAPAYWYNG

Cathepsin K Inhibitors: Their Potential as Anti-Osteoporosis Agents. (2004) D.N.Deaton, S
Kumar - Progress in Medicinal Chemistry — Vol. 42



N
*MetaAAaén Ttou yovidiou tn¢

cathepsin K 1ou mpokaAel
QVETIAPKELOL

2 TTAVLOL LUTOOWMATLKN VOO OC
TTOU TIPOKAAEL OOTEOTIETPWON
mu&nusvn BMD, suepaucromra
KOVTO QvaoTn 5

Kpowviou

Figura 4. Caso 2: A - Radiografia do oempprfla Radiografia de mao e punho esquerdos.



*O0TEOKAAOTEC LLE LEYAAEC
KUTTOTIAOLOLOTIKEC KUOTELG

* Sev pmopouv va HLaoTIAc0ouV
T0 KOAAOlyovo tTng BepeALag
ovolac

*To faBoc¢ tnc KolAoTNTOaC
arnoppodnonc eival cnUOVTLKA
EAQTTWUEVO

*>oBapn oKANPOOTEWON
*AUENoN TOU TTAXOUC TWV
KpUOTAAWV (low bone turnover)
*Alatapoxn TNS opyavwaong Tou
omoyywdouc ootou

Cathepsin K Inhibitors: Their Potential as Anti-Osteoporosis Agents. (2004) D.N.Deaton, S Kumar -
Progress in Medicinal Chemistry — Vol. 42
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Figure 1. Published Cat K mbhibitors.




AvaotoAeig cathepsin K
1

odanacatib (MK-0822) and
balicatib (AAE581), have

demonstrated pharmacodynamic

activity based on reductions in
bone resorption markers and
increases in BMD in humans



balicatib,

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

0 675 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

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

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

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

0 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).



odanacatib

*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,
frochanter, 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.

$37 (2007).



odanacatib
=

24- month results of a randomized controlled trial
increases in spine and hip density (5.5% and 3.2%, respectively).

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

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

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

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

McCIung M ef al. (2008) A randomized, double-blind, placek lled study of od ib (MK-822) in the of p ¥ | women with low bone mineral density: 24-month results 30th Annual Meeting of the American Society for Bone and
Mi béc, Canada

0C47 - 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. Santora?, J. Eisman3, H.
Bone4, M. McClung5, R. Reckeré, N. Verbruggen?7, C. Hustad2, C. Dasilva2, D. Kimmel Osteoporos Int (2009) 20 (Suppl 1):55-522



0 Cathepsin K seems to play a pivotal role in
modulating bone turnover, and longterm
deficiency seems to have severe
repercussions on bone strength

o This fact should be taken into account when
cathepsin K antagonists are considered as
therapeutic agents to treat metabolic bone
diseases such as osteoporosis

o Decreased Bone Turnover and Deterioration of Bone Structure in Two Cases of
Pycnodysostosis The Journal of Clinical Endocrinology & Metabolism
89(4):1538-1547
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Amino-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 Il dose-ranging trial in postmenopausal
women demonstrated an increase in lumbar spine BMD of 11%

Selected amino acid substitutions at various positions in PTHT—
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/PTH(P receptor. 30th Annual Meeting of the
American Society for Bone and Mineral Research:2008 September 12-16; Montréal, Quebéc, Canada
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Yriodoyxeac acBeotiov (calcium-sensing

receptor [CaR])
1

0 Eilval evoc G-mpwTeLVLIKA-
deopevpevoc urtodoxeac TG
ETLPAVELOC TWV KUTTAPWV TIOU
QVLXVEUVEL OTTELPOEAAYLOTEC
aAAQYEC TNC CUYKEVTPWONC TOU
LOVIOULEVOU a0BEOTLOU OTOV 0pO

Parathyroid Cell Calcium Receptor

0 Aokel 6paon otouc .
noapaBupeocldeic adevec, ota C ‘ B
KutTapa Tou Bupeoelboug oTov | v A
VEPPO KOlL OTO EVIEPO
puBuifovtoc tnv opolooTaoia 2Ta 00TA PUOMiIlEL TNV
Tou aoBeotiou OOTLKI) TTOpOlyWyHn Kal

anoppodnon




Tpomomontec Tou utodoxEa acBeotiou

(calcium-sensing receptor [CaR]modulators)
_

O Positive allosteric modulators—calcium

sensing-receptor agonists termed
calecimimetics, such as cinacalcet—are used to
lessen PTH secretion in patients with renal
disease and hyperparathyroidism

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



Parathyroid Calcium Receptor:
Novel Drug Target

Therapeutic
Drug Effect Potential

Calcimimetic \ PTH hyperparathyroidism

Calcilytic I PTH osteoporosis
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Calcilytics

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

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

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



Calcilytics

11 Calcilytics must meet several important
requirements before they can be useful as
anabolic agents

11 They must stimulate the release of sufficient PTH

0 Anabolic action requires a short half-life and
transient activation of the receptor

1 The molecule should not exhaust the parathyroid
gland, which would result in hyperplasia



Calcilytics
_—

0 In rats the calcilytic ronacaleret has a short half-life
and produces a PTH response

0 Increases both cortical and trabecular bone

0 Increases in markers of osteoblast function such as
propeptide of type | procollagen, osteocalcin and
bone-specific alkaline phosphatase equivalent to those
seen with teriparatide

0 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 —
]

0 JTT-305 is an investigational oral
calcium sensing receptor (CaSR)
antagonist

0 ls currently being evaluated by in
Phase Il clinical trials in Japan for its
effect on increasing bone density and is
in Phase | clinical trials outside of

Japan
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SCLEROSTIN AND WNT

Trz Journal of Clinical Zneocriniolagy & \ziagolizm D0(12):574:1—574
Cooyrigne © 2005 9y Tz Endocrinz Sociziy




7 H ovopooio TPOKUTTEL OO TO
yoviélo wingless tn¢ drosophila kot

TO YOViOL0 int, Tou evtomniletal ota
TLOVTLKLOL

1 MgeyaAn yovidLaKn OLKOYEVELQ
£EWKUTTAPLWYV YAUKOTIPWTELVWV
NTAOUGLWV OE KUOTELVN

0 Kwdlkomolouv mpwTELVEC
EMMAEKOMUEVEC OTNV KUTTAPLKN
OLVATTTUEN, TOV OOTLKO UETABOALGHO
KoL 0TNV Epdavion VOoHHATWY



H napougia otoy eﬁwKUttaplo XwWpo Twv Wnt
MPWTIELVWV npoava TNV oUVO son TWV. HEUBPAVIKWV
unnodoxewv frizzled FZL Ko li oproieln receptor-
related protein 5/6 (LRP5/6) p.sta U TOUC

Anotéleopa tTnG ouvdeong twv frizzled (Fz) kot LRP5/6
TIPWTELWVIKWY UTTOOOXEWV ELVAL N ALVALCTOAN TNG
dwodhopUALWGNC KoL CUVETIWG EVOOKUTTAPLOL
ocuoowpevon B-katevivng n onola LeTAPEPOLEVT, OTOV
KUTTOPLKO TTUPNAVO TTPOAYEL TV HETaYpadn YOVLOLWV
OLTLOLP AT TWV YLA TNV OO TLKN TTopolywyn

Emt anouaiag twv Wnt 1t wtewwv B-Kkatevivn
dwoPpopuAlwvetol Kat dtaoratat Kou dev npoayeL tnv
HeTtaypadn yovidbilwv anapattntwv yloL TNV OOTLKN
napaywyn
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Figure 4 Simplified view or Wnt and beta-catenin signaling. (A) Without Wnt, the scaffolding protein

axin assembles a protein complex, beta-catenin is phosphorylated, ubiguitinated and degraded by the
proteosome. (B) With Wnt, beta-catenin is not phosphorylated, and is instead translocated to the nucleus
where it binds to the TCF transcription factor, activating Wnt-responsive genes. Two membrane proteins,
Fz and LRP5/6, can associate in the presence of Wnt, which leads to formation of the protein scaffolding
complex, accumulation or degradation of B-catenin, and gene transduction. Abbreviations:

Apc, antigen presenting cell; B-Cat, beta-catenin; B-TRCP, transducin repeat-containing protein;

Ck1, casein kinase 1; Dvl, disheveled; Fz, frizzled protein; GsK3, glycogen synthase kinase 3; LRP,
lipoprotein-receptor-related protein; TCF, T-cell factor. Reproduced with permission of the Company

of Biologists.



0 Serum frizzled-related proteins:avactéAAouv
tov frizzled

- Wnt inhibitory factors:avaoctéAAouv tov Wnt

sFRP (secreted Frizzled related protein) :
UTTOOOYXENC TTIOU EVWVETAL ME TN Wht

1 AvaotoAn tou LRP5/6
Sclerostin

Dkk (Dickkopf = thick head



Wnt pathway

Figure 1. Prevention of Wnt Signaling by the Binding of Dickkopf (Dkk) Proteins to Low-Density Lipoprotein Receptor-Related Pro-
tein 5 (LRP5).

In the absence of Dkk proteins, Wnt binding to its receptor and to its coreceptor, LRPS, activates intracellular signaling (Panel A).
In the presence of Dkk proteins, the formation of an active signaling complex does not occur (Panel B).

Editorials
REGULATION OF BONE FORMATION AND VISION BY LRP5
The New England Journal of Medicine 2002



AvaoctoAn tou LRP5/6
—

Sclerostin : cuvOEETOL UE

t0 Irp5/6




fovidiakn eéaAswdn twv
OLVWTEPW OVOLOTOAEWV N
OLVTLOWMOTA EVOVTL OLUTWV
avéavouv to Wnt povomart Kot
OUVETIWC TNV OCTIKN Itapoywyn



_

0 Ekppaletotl amo ta wptpo ooteokuttapa (SOST
gene)

0 Méow avaotoAng tou povonatiol Wnt avaotEAAEL
TNV WPLHavVon Kot dpaotnelotnto Twv
ooteofAaoctwv Kot emipavelakwyv KutTtopwv (lining
cells)

0 EAEYXEL TNV EKTOION TNC MOPOYWYNAC 00TOU WOTE VoL
arodevxOeil aveEEAeyktn avénon ootou
(okAnpootewon)

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



0 Ta ooteokUTTOPA TTAPAYOVTAC sclerostin KATOLOTEAAOULV
TOL IPOOPOA OOTLKO KUTTOPAL

[ ZNHOAVTLKO pOAO OTNV TIPOCOPHOYH TOU OKEAETOU, LLETA
amno edpappoyn SUVAUEWV

0 Otawv ot SuvapeLlg yivovtol Lloxupeg, dnulouvpyouvtal
00TLKEC BAAPeC, akoAoUBOULLEVEC QO OOTLKH
anoppodnaon

0 AKOAOUBEL amOMTWOonN TwWV OCTEOKUTTAPWYV ME
QTOTEAECHA VA LNV TIAPAYETOL OKANPOOTiVN

0 Etol ta KUTTOpa TTou BplokovTtal oTnV EMPAVELL TOU

ootoU Oladoporolouvtal 0€ 00TEOBAAOTEC, LKAVOUC
Val TTAPAYOUV VEO 0OTOUV



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

sclerosteosis; affected individuals and gene carriers.
J Clin Endocrinol Metab 90: 6392-6395



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

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

0 Alakor Tou pappakou odriynoce o€ avaotpodn Twv
EVEPYETIKWV ATTOTEAECUATWY

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):5120-121.



0 In postmenopausal women, a single subcutaneous
dose of an antibody to sclerostin resulted

0 60—-100% increase inpropeptide of type |
procollagen at day 84 of treatment

0 no increase in serum C-telopeptides,

0 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



The New England
Journal of Medicine

Copyright © 2002 by the Massachuserts Medical Society

VOLUME 346 May 16, 2002 NUMBER 20
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HIGH BONE DENSITY DUE TO A MUTATION
IN LDL-RECEPTOR-RELATED PROTEIN 5

LYNN M. BOYDEN, PH.D., JUNHAD Mao, PH.D., JOSEPH BELSKY, M.D., LYLE MTzNER, M.D., ANTA Fardl, R.N.,
Mary A. MiThick, PH.D., DIanaing Wu, PH.D., KaRL INsoGNA, M.D., AND RICHARD P. LIFToN, M.D., PH.D.

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 Whnt 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



Activin inhibitors
]
0 Activin binds to activin receptor lIA and is
a negative regulator of bone mass, acting
as an essential cofactor for
osteoclastogenesis

0 Fibrodysplasia ossificans is caused by
missense mutations in activin receptor |A
and leads to increased BMP signaling



Activin inhibitors
—

0 A fusion protein (ACE-O1 1) has the capacity to bind
to activin and prevent receptor binding

0 This antibody has been shown to increase bone mass
in monkeys (>70% increase in trabecular bone
mass, as determined by quantitative CT)

0 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

Fajardo AJ et al. (2008) ACE-011, a soluble activin
receptor type |1A fusion proteina increases BMD and
improves microarchitecture in cynomolgus monkeys
[abstract #1230]. Presented at the 29th Annual
Meeting of the American Society for Bone and Mineral
Ressarch: 2007 September 16—20; Honolulu, HI

Ruckle J et al. (2007) A single dose of ACE-011 is
associated with increases in bone formation and
decreases in bone resorption markers in healthy
postmenopausal women [abstract #1132]. Presented
at the 29th Annual Meeting of the American Society for
Bone and Mineral Research: 2007 September 16—20;
Honolulu, HI



2YMIMEPAZMATA

Néa SERMs :L.ooduvapun n toxupotepn dpaon amo tnv
paloidaivn/snidpocn o€ 1 6TTOVOUALKA KATAYHOATO

Néot avtikataBoAikol mapayoviec HE SLadOopPETIKOUC TPOTIOUC
dpAonc LE OTOXO TNV LKOVOTIOLNTLKN AVAOTOARN TNG OCTLKAG
aroppodnong Ke dtatipnon TG 0CTIKAC IAPOAYWYNC
(Glucagon-like peptide 2,Cathepsin-k antagonists)

Néotl avaBoAikoi mapayovtec HE Loxupn avoBoAikn dpaon Kat
HLKPOTEPN EMIOPAON OTNV 00TEOKAACGTIKA dpactnplotnta (véa
pnopla PTH, calcium sensing antagonists) i apyn enidpoaon oe
povomnatia ootiknc mapaywync (Lovonatt WNT, avaoctoAn
sclerostin, DKK, activin inhibitors)



A  Without Wnt

Whnt-responsive gene

Figure 4 Simplifilll viewgkr A/nt i
axin assembles ein ple in . I
proteosome. (B)fdtL Wnillbet i

where it binds to the TCF transcription factor, activating Wnt-responsive genes. lwo membrane proteins,
Fz and LRP5/6, can associate in the presence of Wnt, which leads to formation of the protein scaffolding
complex, accumulation or degradation of [S-f.:atenin, and gene transduction. Abbreviations:

Apc, antigen presenting cell; B-Cat, beta-catenin; B-TRCP, transducin repeat-containing protein;

Ck1, casein kinase 1; Dvl, disheveled; Fz, frizzled protein; GsK3, glycogen synthase kinase 3; LRP,

lipoprotein-receptor-related protein; TCF, T-cell factor. Reproduced with permission of the Company
of Biologists.



