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H amodoyn vy tv ekmoévnon g mopovsag Awaktopikng Awtpipng €ywve pe
amopaon ™G [evikng Xvvélevong Ewdwkmg XovBeong tov Tunpatog INewmovikng
Buoteyvoloyiag (I’XEX 21/20-10-2010). O opioudg kau 1 tpomonoinon g Tpiuehovg
Yvppovievtikng Emitponrg, kabmg kot n avdBeon tov BEpatoc £ytvay pe amopacels
tov [ZEX (121/29-03-2011, 81/14-03-2012 xou 61/26-01-2012, avtictorya). O
opopdg ¢ Emtaperotg Eetaotikng Emitpomig éywe pe amdeaon g [Nevikng
Yvvérevong tov Tunpotog Bloteyvoloyiog (141/24-07-2014).
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H éykpion ddaxtopikng datpirg and 1o Tunua Broteyvoroyiog tov 'emmovikoh
[Movemotnpiov AOMVAOV dev VTTOINAMVEL ATOJOYT TOV YVOU®V TOV cuyypapéd. (N.

5343/1932 6pOpo 202).
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EYXAPIXTIEX

Oa Mfela vo gvyoploTom® OAOVE TOLG aVOPOTOVE TOL GLVEBOANY CTNV EMLTUYN
OAOKANPMOGT VTN TNG OO0KTOPIKNG SLATPIPNG.

[Mpdta ko koplo BA® va evyoplotio® TNV emPAEmovcd pov Kot UEAOG NG
Tpuerovg emtponng, Enikovpn Kabnyntpio EAEvn Ntovvn yio tnv vtopovn g, v
evBappuVoN Kol TNV TPOCHOTIKY] UEPIUVO KOl EKTOIOEVOT) TOV LOV TAPEIYE KATA TNV
JlgpKeLn EKTOVIOTN OLTHG T SIOOKTOPIKNG daTpPng oto epyactnpld g. Evyapiotd
Wwitepa tov kabnynm HAlo HAodmovlo, péEAOC NG TPLUEAOVS EMTPOTNG, Yol TNV
emomteio Kab OAn v dbpkela ¢ mapovcag dwtpipng. Emiong, wiaitepa Oa n0sia
va guyapiotiom tov kadnynt Havayiovm Kotwdkn, péhog g tpiperots emrpomig,
ov €0€1EE QUEPLOTI) CLUTOPACTOCT KOl EUTIGTOGVUVI GTO TPOCHOTO OV OO TNV
nePi0d00 OV EKTOVNGO TNV UETOTTLUYLOKT LOV HEAETN GTO €PYAGTNPLO TOV, KOOMG Kot
yw v enonteia g Swaktopikng Swrpirg. Evyopiotd OBepud ta péAn g
entapelovg e€etactikng emtpomg tov Kab. Zmupidwva Kivt{io, tov Avamd. Kab.
Nwodrao Adurpov, tov Emik. Kaf. Nucoroo Koopion ko tv Emwc. Kaf. Apradvn Xayep
Y0l TIG ETOIKOOOUNTIKES VTLOJEIEELS TOVG,

Evyopiote eniong 6ia ta péAn tov epyaoctnpiov tg Ap EAévng Ntodvn, mov pe v
dyoyn ovvepyasio TOVg, TNV EMIOEIET] GLVASEAPIKOTNTOG KO TNV GUEGT) GUVEICQOPA TOVG
oTN JEVEPYELD TEPAUATOV EEACPAMGOYV EVYXAPIOTO KAMp Kot PEATIOTEG GLUVONKES Yo
mv ekmovnon ovtg g dwrpPrg. Evyapiotd wdwitepa ™ Dotevy Broiuln,
VIOYNOLO. OOAKTOPA, YO TN GLVEPYACIH GE TEWPOUATIKEG Oladkocies, tov Do
loakepion, petad1dakTopa, Yo T GLVEICPOPE TOV GTNV ETIAVOTN TAEIGTOV TEYVIKOV
nmudrov, v Toshimi Kano yio tv ocvvelocpopd ¢ o MOAAEG TEPOUOTIKES
dwdkaocieg, kat Tic cvvadélpovg Mapia-Eipnvn Teplevidov kot Mapio Tamoaddakm
v N cvvepyaoia yevikotepa. Kieivovrag, Oa f0ela va guyopiotiom v otkoyévelo
pov v ovluyo pov Xovlv kot v KOpn pov Avdia yio TV apéPIeTI CLUTAPACTICN

Kol ovoyn Toug ko’ OAN ™ ddpketla TG daTpPng pov.
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HNEPIAHYH

H ootk avakatackevun givat pio GuveXNg S1adKacion ovavEDONG TOV UIKPOLOVASI®V
TOV O0CTAOV HE OLO0YIKY EVEPYOTMOINGN KOl AEITOVPYID TOV OGTEOKANCTOV Ko
00TEOPANCTOV, KLTTAP®Y VIEVOVVOV Y100 TNV OCTIKN ATOPPOPNCN KOl TOPOY®YY|,
avtiotorya. Pvoloroyikd kot ot 6v0 depyaocieg Ppiokovtal ce SVVOUIKT 1GOPPOTIN
petald tovg, eacpaiilovtag v okeAetikn okepardtra. H dwtdpaln avtg g
ooppomiag amotedel TV KOplo aution TPOKANGTG OKEAETIKOV VOonUdTtoV, OTmg 1M
ooteondpwon. H kvutrtapokivn RANKL (Receptor Activator of Nuclear Factor kB
Ligand) péhog g vepokoyévelag tov TNF (Tumor Necrosis Factor), amotehet tov
KOPl0 OlOpECOANPNTY GTNV JadIKaGio TG OGTIKNG AmoppOPNoNg KaODS emdyst TV
dwpopomoinon, emiPiowon Kor €vePyomoinon TV 0CTEOKANST®OV. L2G TPUEPES
ouvdéetar otov VIodoxéa tov RANK, emdyoviog tov TPyuepiopd Tov Kot v
EVEPYOTOINGT TOV EVOOKVLTTOPIKAOV HOVOTOTIOV 7OV 00NyoLV oTnv  onpovpyia
DOPIUOV KOl AEITOVPYIKOV 0CTEOKANGTAV, evd 1 dpdon tov RANKL avactéiletat
a6 v octeonmpoteyepivn (OPG), éva aviaymviotikd dtoivtd vrodoyéa. H avaioyia
peta&h RANKL kot OPG kaBopilet ) Brodabecipdtra kot tn dpdon tov RANKL
ota Proroywd cvotuota. H onuacio too RANKL omv Broloyia Tov okeAeTiKod
GLGTNWOTOG QOIVETOL OO TO YEYOVOSG OTL HETAALAEES 6TO Yovidlo tov RANKL
TPOKAAOVY OTOGMUIKT] VTOAEITOUEVT] OGTEOTETPMOCT] AOY® OOVVOUING CYNUOTIGHLOD
00TEOKANGTMOV. AvTféTms, avénuévn tapaywyn tov RANKL cuvdéeton pe emoymyn
OGTEOKAOCTIKNG OpOcTNPOTNTOS KOU OCTIKNG OTMOAEWS o€ 0acBéveleg Ommg M
00TEONOPWGT, 1 PEVUATOEWNG 0pOpitida, TO TOAAUTAO HLEAMUM, Ol OGTIKEG
HeTOoTAGELS Ko Ot TEPLodovTikéG achéveles. H avaotoAn g dpdong tov RANKL
Bewpeiton o TOALL VTOoYOUEVT] BEPOTEVTIKN TPOGEYYION Yo TNV TOPEUTOOIOT TNG
OGTIKNG OMMAELNG OTIS TOPATAVED 0cOEvVELES Kot £xel MO eykpBel 1 yopnynom &vog
LOVOKA®VIKOO  avTio®patog, tov denosumab, évavtt tov RANKL og
EUUNVOTOVCIOKES 0GTEOTOPMTIKEG Yuvaikes. To yeyovog avtd kabiotd avaykaio v
evpeon véwv avaotoréwv tov RANKL kot v a&lordynon toug oe katdAinio (oikd
LLOVTEAQL.

Yta TAaicto TG TapoVcag SO0KTOPIKNG daTpIPng peretnOnkav 6vo povadud {oikd
povtéla mov Exovv onpovpyndet and v epevvntikn opdoa ¢ Enik. Kadnyntplog
Elévng Ntodvn. To mpmdto yeveTkd pHovtéAo yopaktnpiletor omd OLTOCMOUIKT
VTOAEMOUEVT] OCTEOTETPWOT KOl OPEILETOL GE [0l CUELOKT] LETAAAAEY GTO YOViIdL0
RANKL t0ov movtikob mov mpokael avtikatdotaorn evog apvoEéog and yAvkivny oe

apywivn oty Béon 278, (G278R), kabiotmdvrag avevepyn v tpwteiv RANKL. H
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HEAETN NG vrevBuvng PeTAALAENS €xEL OOMYNOEL GTNV KOTOVONGY TOV LOPLOKOD
TaOOYEVETIKOD UNYOVICHOD KOl GTOV OYEOOCHO VEMV OVOCTOAE®V £VAVTL TOL
RANKL. ITwo ovykekpipuéva oeiape pe meEPAPOTO 0VOGOOTOTOTMONS Kot Cross-

linking 6t 1 petodhaypévn RANKLE?ER

TPOTEIVN 0ev oynuatilel opoTpiepn Kot
EYel amoAécel TNV PLoAoyIK TG SpacTIKOTNTA. AKOUN GE €X VIVO KUTTOPIKES OOKLUES
Seifape 6t1 1 RANKL®Y®R §ev emdyer Tov oynpuotiopd ooteokAacTdV evd aokel
Koplapyn apvntiky enidpacn oty opdacn g dypwov tomov RANKL. Adym g
VYNNG cuVTINPNTIKOTNTOG TOV EUPOVICEL 1) YALKivn oty B€on 278 peta&d tov pelmv
g vrmepowoyévelag tov TNF, mpoympnooue oe Poynukd Kot AEITOVPYIKO
yopaktnpopd tov mpoteivav TNF kot BAFF tov avBpomov eicdyoviag tmv
avtiotoyn opwvolikn arlayn omd yAvkivn oe apywivn. Opoimg, dei&ape 611 Ot
peTaALayLEVES TNF®2R o BAFFG24R TpOTEIVEG dev oynuatiCovv Tpiuept| Kot dgv
etvar Poroyikd evepyés. H avayvopion &vog 1060 Kpioipov opvo&éog mov
OLUUETEXEL €vEPYE oTOV TPYEPIoUO TV mpoteivov g TNF vrepokoyévelog
amoTEAEL SUVNTIKA £V GNUOVTIKO PUPLOKEVTIKO GTOYO GTNV AOYIKN OYESIAGLOV VEDV
QOPUAK®V Y. TNV OVOCTOA TOL TPEPoHoL. To pkpd popro SPD-304 €xet
YopoKkINPotel ®G évag avaoToAréos Tov Tpuepicpovd  tov  TNF  wotéco 1
dpaotikdmTd Tov évavtt tov RANKL dev ftav yvooti. Aegi&ape 611 10 SPD-304
oAMniemopd pe v RANKL mpoteivn mpokoA®vTog ovaoTOA] O  OOKIUES
ooteokAlaotoyéveons. Oumg M vynAn to&wdémmra tov SPD-304 10 kabiotd
AKOTAAANAO Yo oppakevTiKn ¥prion. 'Etot, oyedidomkay Kot cuviédnkav cuvoAikd
72 evooelg avaroyo tov SPD-304 a6 Tic omoieg TanTOTOMGaE 7 EVOGELS UE TO ENG
YOPaKTNPLOTIKA: 1) amoteAovV 1ovpol avaoTOAElS 0€ SOKIUES OGTEOKANGTOYEVEDTS,
2) mapovctdlovy oNUAVTIKE HKpOTEPT KLTTOPOTOEIKOTTA 68 oYéon pe to SPD304,
kot 3) mopovctdlovv peydin e€edikevon pe v tpoteivn-otdéyo RANKL. Emiong,
Broymuucog éreyyog €oei&e 6tL Too SPD-304 avaloyo amodiatdocovy T0 TPIUEPES TOV
RANKL. Endpevog otdyog ivatl n a&loddynon oavtodv tov ovactoréov oo RANKL
o€ TPOKAWVIKO €MIMEDO e TN ¥PNOT KATIAANAWV {OIKAOV LOVTEAWDV 0GTEOTOPWOTC.

[Tove og avt TV AOYIKN, TPOYWPNCAUE GTNV ONovPYio Kol YopaKINPIopd evOg
KOLVOTOHOV YEVETIKOD HOVTEAOL 0GTEOTOPMONG UHE TNV vrepékppacn tov RANKL
oV aVOPOTOV GE O1ayoVIOLaKA TOVTiKIO. XapaKTnpioape 2 Soryovidlokég oelpéc, TNV
Tg5516 mov @épet éva avtiypapo tov dtayovidiov kot v Tg5519 pe déka emmiéov
avtiypaga. [Tocotikn availvon tov emmédov Ekppaocng tov dtayovidiov huRANKL
€0e1Ee €kppaomn oty Tg5516 oepd ko axoun vymidtepa emineda otnv 1¢5519

oelpd kuping og 00td, omAnva kat eykéeoro. Eniong, n vrepékppoon tov huRANKL
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oT1G 000 dtoyovidlokég oelpég akoAovbel To 110 TPOTLTIO EKPPUCNG LE TO EVOOYEVES
yovidro (MURANKL). O @owotvmikdg yapaxmmpiopdg €dei&e ot n Tg5516 oepd
amotelel éva HOVTEAO NTOG OCTEOTOPMOONG HE OOTIKY] OIIMAELD TOV GTOYYMOOVS
0010V, evd M Tg5519 cepd eppavilel vTovn 06TEOTOPMOON LE KOPLO YOUPUKTNPIOTIKA
TNV TANPN OTOAEW TOV OTOYYDOOOLG 00TOV, TOPMON OOUN GTO (QAOLMOEG OCTO,
ALENUEVT] OGTEOKANGTOYEVEST), GTOOLOKY] KOTOOTPOON TNG OLENTIKNAG TAGKOG Kot
avénuévn  Amoyéveon o©t10 HLEAO TV oot®v. Télog, pe v Bepomeion NG
0oteomOpwone ota 195519 movtikio émerta omd Yopnynomn TOL AVIIGMUOTOC
denosumab, dwomotdoape 61t oo TJRANKL movtikia omotelodv KatdAAnAo poviéia
00TEOTOPOONG YL TNV a&oAdyNon véov eapudkmv, 6tmog tov SPD-304 avaidywv,

o€ TPOKAVIKO eMimEDO.
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ABSTRACT

Bone remodeling is a continuous process of renewal of the bone by sequential
activation and function of osteoclasts and osteoblasts, cells responsible for bone
resorption and production, respectively. Normally, both processes are in dynamic
equilibrium with each other, ensuring the skeletal integrity. Disruption of this balance
is the primary cause of skeletal diseases, such as osteoporosis. The cytokine RANKL
(Receptor Activator of Nuclear Factor kB Ligand), a TNF superfamily member
(Tumor Necrosis Factor), is the main mediator in the process of bone resorption as it
induces differentiation, survival and activity of osteoclasts. As trimer RANKL binds
to its receptor, RANK, induces trimerization and activation of intracellular pathways
leading to the generation of mature and functional osteoclasts, while the action of
RANKL is inhibited by osteoprotegerin (OPG), a soluble decoy receptor. The ratio
between RANKL and OPG determines the availability and activity of RANKL in
biological systems. The significance of RANKL in bone biology derives from the
evidences that mutations in the RANKL gene lead to autosomal recessive
osteopetrosis due to lack of osteoclasts. Conversely, increased production of RANKL
is linked to excess osteoclast activity and bone loss diseases, such as osteoporosis,
rheumatoid arthritis, multiple myeloma, bone metastases and periodontal diseases.
The inhibition of RANKL is considered a promising therapeutic approach for the
prevention of bone loss diseases and it has already been approved, through the
administration of a monoclonal antibody against RANKL (denosumab), in
postmenopausal osteoporosis, and in men with bone metastases derived from the
prostate. This makes it necessary to find new inhibitors of RANKL and evaluate them
in appropriate animal models.

Within the present PhD Thesis we studied two new animal models which have been
created by the research team of the Assistant Professor Eleni Douni. The first genetic
model is characterized by autosomal recessive osteopetrosis due to a point mutation in
the mouse RANKL gene that causes an amino acid substitution from glycine to
arginine at position 278, (G278R) making the RANKL protein inactive (Douni et al.
2012). The study of the responsible mutation has led to the understanding of the
molecular pathogenesis and design of new inhibitors against RANKL. In particular
we showed by immunoblot experiments and cross-linking of RANKL®?"®R that the
mutant protein does not form homotrimers and has lost its biological activity. In

addition, the RANKL®?"®® does not induce osteoclast formation and exerts a dominant
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negative effect on the activity of wild type mouse RANKL. The amino acid glycine at
position 278 shows high conservation among the members of the TNF superfamily.
By introducing the corresponding amino acid change, from glycine to arginine, in
human TNF and BAFF proteins, we have shown that the mutant TNF®**®R and
BAFF®?**R proteins do not form trimers and are biologically inactive. The recognition
of such an amino acid that is actively involved in the trimerization of the TNF
superfamily members constitutes a potentially drug target for the rational design of
new drugs that disrupt trimerization. The SPD-304 has been identified as small
molecule inhibitor of TNF trimerization but its activity against RANKL was
unknown. We showed that SPD-304 interacts with RANKL inducing
osteoclastogenesis inhibition. However, the high toxicity of SPD-304 makes it
unsuitable for pharmaceutical use. So, we designed and synthesized 72 new
compounds depending on SPD-304 structure, 7 of which have been identified with the
following characteristics: 1) inhibit RANKL-induced osteoclastogenesis, 2) exhibit
considerably less cytotoxicity compared with the SPD-304, and 3) display high
specificity to the target protein RANKL. Biochemical assays showed that such
inhibitors disrupt the trimer formation of RANKL. The evaluation of these potent
small molecule inhibitors of RANKL in preclinical level presupposes the use of
appropriate animal models of osteoporosis.

In this context, we developed and characterized novel genetic models of osteoporosis
by overexpression of human RANKL in transgenic mice. We characterized two
transgenic lines, the Tg5516 transgenic line that carries one copy of the transgene and
the Tg5519 line with ten extra copies. Quantitative analysis of huRANKL gene
showed expression in the Tg5516 mice with even higher levels in the Tg5519 mice
mainly in bone, spleen and brain. Moreover, the overexpression of the huRANKL in
both transgenic lines follows the same pattern of expression of the endogenous gene
(muRANKL). Phenotypic characterization showed that the Tg5516 line represents a
mild model of osteoporosis with bone loss of trabecular bone, while the Tg5519 line
develops severe osteoporosis characterized by complete loss of trabecular bone,
cortical porosity, increased osteoclastogenesis, progressive destruction of the growth
plate and increased bone marrow adiposity. Finally, upon the effective therapy of
osteoporosis in Tg5519 mice with denosumab, we concluded that the TgRANKL
mice are appropriate models of osteoporosis for the preclinical evaluation of new

drugs, such as the SPD-304 analogues.
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XYNTOMOI' PA®DIEX

Autosomal Recessive Osteopetrosis

ARO Avtocoukn Yrolemduevn OcteonéTpmon
BAC Bacterial Artificial Chromosome
Baxtnploko teyvnto ypopdcsopo
B-cell activating factor
BAFF . ; .
[Tapayovrog evepyomoinong twv B-Aeppokvttdpov
DSS Disuccinimidyl suberate
Eotépag tov vopoLuniektpipioton
ENU N-ethyI-N-nltrqsourea
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KE®AAAIO 1°. EIXATQIH
1.1 Octa

1.1.1 Aopuka oToLXELX TV 0OTWV

To avBpdmvo OKEAETIKO ocVOTNUO OmoTEAEiTAL GLVOMKG amd 213 ootd, To omoia
dlakpivovtor avaroyo pe o oynuo Toug o€ 4 katnyopies: ta pokpd (Ew. 1), ta Bpayéa, ta
AT Kol to aKovovietov oyfupatoc ootd (Steele DG 1988). Ta ootd dgv givar ovte
HLOPPOLOYIKA 0VTE UNYAVIKA OLOLOYEVY], GAAL 1 OVOLOLOYEVELL TOVG Oyl LOVO dgv eumodilet

TNV AELTOVPYIKT TOVS TPOCAPLOYT|, OAAL OVTIOETO GUVEICOEPEL G QVTH.

=— Articular cartilage

Proximal —— 3 —— Epiphyseal line
epiphysis| 4.137.?"“‘\\

Cancellous bone

Metaphysis

y Compact bone

Blood vessels
in marrow

—Periosteum
Diapysi- —Endosteum

‘4

o

\

13
Metaphysis-|
Distal

II» epiphysis

Ewova 1.1. Avatopio poxpav octov (Bianco,1992).

Awxpivovtor 6o tHmol ootitn 10100, T0 PAOL®OES (cortical or compact) kot 10 GmoYyYMOES
(trabecular or cancellous). To @Aoi®deg 06To givar oKANPO, Kavo va aviéEet To Phpog Kot Tig
UNYOVIKEG TEGELS KOt TEPIPAAAEL TNV KOIAOTNTO TOL HVEAOD TOV 0CTMV. ZTIG KEPUAEG TOV
00TOV Ppioketal T0 omoyymoeg 00td 10 omoio oynuatiler évo KLWEAOEWEG TAEYHO aTd
UIKPOSOKIOEG dACTOPTES PECH GTO YMOPO TOV HVEAOD TWV OCTAOV Kot £YEL TNV 1010TNTA VO
Umopel va amoppopd Ty evépyela omd TOVG KPadacHovs. To avOp®dTIvo oKEAETIKO GUCTNHA
amoteAeiton omd 80% @Aoi®S0VE 06100 Kat 20% cmoyyddovg ootov (Clarke 2008). Avaueca

OTO OLOPOPETIKG 00TA OAAQ KOU TEPLOYEG TOL OKEAETOL TOPATNPOVVIOL OLUPOPETIKES



avaloyieg TOL  QPAOUDOOVS KOl ONOYY®Oovg octov. [ mapdderypo, ot GmovovAol
ATOTEAOVVTAL ATTO PAOIDOES KOl GTOYYMDOES 06TO o€ avaroyia 25:75. Avti 1 avahoyio @TAvEL
50:50 otV mEpLoyn TS KEQAANG ToL punptlaiov Kot 95:5 oty meployn g HEGO-O1APLONG TOV
unpwiov. Toco ot mepoyés Tov PAOIBOOVG OGO KOl TOV GTOYYMOOVLS OMOTEAOVVIOL OO
ootemveg (Clarke 2008).

O eAo1dONG ootedvag ovoudletor Xootnuo Havers kot amotedel tnv 0OpIK| TOL HOVASA.
Exet kolwvdpkn doun kot oynuotilel éva diktvo opdkevipov TETOA®Y 00100 UEGOH OTO
ohowddeg ootd (Eriksen EF, Axelrod DW 1994). Xto «évipo OSwnbétel afépoio
ooV Le apo@dpa. ayyeia, vevpa kol yarlapd (opotd) GUVOETIKO 16TO. XTO TOYOUG TOV
elvar opatég 0GTIKEG KOIAOTNTES LE OGTEOKVTTOPO KO OCTIKG TPLYOEW cOAnvapla (0oTiKd
coMvapla) pe ano@voelg ooteokvTtdpmy. Ot cwAnveg Havers emkotvavouv peta&d tovg
dwpéocov v codvev Volkmann ot omoiot dtatpvmovv Ao&d M kdbeta tovg afépciovg
coMves (Ek. 2). O omoyyddng ootedvag £xel NUIGEANVOEWN doun Tayovg mepimov 35mm
pe opdkevrpn otifadodn dourn. Yroroyiletar 6Tt £vag vymg evilikag £xel mepimov 14x10°
OTMOYYOIE 00TEDVES TOL KOAVTTOLY piol éktact mepimov 7 m? (Eriksen EF, Axelrod DW

1994).

N
L.
NAS SENEN
Osteon — %
_}\\F 7
N \Ygog'
< I
Haversian Canal ;"'
/
Osteocyte Canaliculi

Ewova 1.2. Zynpotiki] ancikovion e dopng tov svetinarog Havers (Clarke 2008).

To @lowwodeg 0otd amoteheital amd pio €£MTEPIKN EMPAVEIL TNV TEPL-OCTIKN Kot pio

E0MTEPIKN TNV €VOO-OCTIKY. TNV TEPL-OCTIKY EMPAVEID TOPOTNPEITOL ALENUEVT] OCTIKY

Opdon mov GULUPAAAEL OMUOVTIKA OTNV OKEAETIKN OVATTLEN OAAG KO TNV OTIOKOTAGTOOY

Kataypdtov. H ootk mapoaywyn ocvvibog elvar peyoldtepn o€ oxéon WHe TNV OCTIKN

amoOPPOPNCY| OTNV TEPLOCTIKN EMPAVELL TOL QAOIDOOVG, LE OMOTEAEGHO TNV OOENCN TNG
3



OLOUETPOV TV 00TOV. AVTIOETA, GTNV €VO0-0GTIKY EMLPAVELNL TOV PAOUDIOVS TTapTHPEiTAL
UEYOAVTEPY] OCTIKY] OVOKOTOOKEVLT UE £VIOVI] OCTIKN OmoppOPNoN Kol UEIWUEVT] OCTIKN
TAPOYDYT, POVOUEVO TOV {0MG amOdIOETOL GE 10YVPEG EUPLOUNYAVIKEG TIEGELS OAAG KO GTHV
dueon emoa@r] ™G €vO0-OGTIKNG EMPAVEING WE TO. KOTTOPO TOV HVEAOD T®V 0GTMV. To
nepldoteo (periosteum) eivor €va wvddeg EAVTPO GLVOETIKOD 10100 7OV TEPIPAAAEL TNV
eEMTEPIKN EMPAVEID. TOV QAOLDOOVS O0GTOV TO OMOI0 TEPLEYEL QUUOPOPO. ayYEiD, VEVPIKEC
amoAn&ets, ooteoPAdoTeg Kot 06TE0KAAOTES. TO TEPLOGTED TPOOKOAAATOL TOAD GTEVE PE TNV
eEMTEPIKN EMPAVELD TOV PAOIDOOVE HEGH VOV KoAAayovov. To evddoteo (endosteum) amd
™V GAAN givorn PEPBPOVIKNG QUCEMS OOV KOADTTEL TNV ECMOTEPIKT EMLPAVELD TOV PAOUDOOVS
Kol GTOYYMOOLG 06TOV KOOMDS Kol TO KAVAALL TOV QoQOp®mV ayyeimv mov damepvolv ta.
00T KOl €lvol GE €MAPN HUE TOV YDOPO TOL HLEAOV T®V OGTMV, TOVS OGTEOPAACTEG Kol
ooteokhdoteg (Clarke 2008).

Ta ootd mopdtt Bewpodvior o1 GKANPOTEPES OOUES GE €vOV OPYOVICUO, OTOTEAOVV Lo,
duvapukn doun amd ootitn 1010, ayyeia, vedpa kot ootikd KOTtapa. To peyoarlvtepo pépog tmv
ootV (60%-70%) amoteleiton 0md GLVOLOCUO AVOPYOVOV KOl OPYOVIKMOV GUGTOTIKMV, EVHD
0 voAowo amd vepd. To opyavikd HEPOS TOL 0GTOV GLVIcTOTOL KVPIWG AmO KOAAXYOVO
tomov I, {yvn and koAraydvo tomov III kan V, to ool Tov mapéyovv eAacTiKOTNTA, EVG TO
avopyavo HéEPog amd kpuotdilovg vdpobvamatitny (CalO[PO4]6[0H]2) pe dlata, kvpimg
POGEOPIKOD 0cPecTion, POGPOPIKOL payvnoiov Kor avBpoakikd dlota tov acfectiov,
vatpiov kot koAiov. To dAato mopéyovv oto 00td TV amoapoitntn avlektikdtnTo Kot

okAnpotnra (Steele DG 1988).

1.2 Bworoyia tov Octddv

1.2.1 Ootikn Kataockevn (Bone Modeling)

Ta 0otd veiotavrol pio cvveyn avanTvEn TOGO KATO UNKOG 0G0 KOl OKTIVOTE KOTO TNV
olapkelo ™ moudtkng kot pnPikng nAkiog. H xotd unkog avdmtuén tov ootdv Aaupdvel
uépoc otnv avorrtvélokn TAdka (growth plate) 6mov mapatnpeitor £vTovog TOAATAOCIAGHOG
TOV KVTTAP®V TOV YOVOPOL GTNV EMPLGIOKN KOl HETOUPLGLOKN TEPLOYN TOV LOKPOV OGTAOV.
AxoAoVBmg Tpaypatomoteitan EMUETAAAM®ON Kol 0 GYNUATIGULOS VEOL TPOTOYEVOVS 0GTOV.

H oot mapaymyn etvar pio dtoadikosio katd tnv omoio To 06Té avaTTOGoOVTOL OAAALOVTOG
o€ néyebog Kol GYNUe CLVOPTAGEL PUGIOAOYIKAOV EMOPACEDV KOl UNYOVIKOV KATOTOVIGEMV.

Ta ootd pmopet va av&dvovtal o mhyog 1 va Tpomonoleiton 0 AZovag avAmTTuENG TOLG LE TV



TPOosOHNKN N aPaipesn 0oTiTN 16TOV Ao TIG EMPAVELEG LEGH TNG OPAONG TOV 0GTEOPAACTMOV
KOl OGTEOKAOGTMV, OVTIGTOWO, € amoOKplon eufropnyoavikeov mécewv. Kotd v dibpkeia
NG OGTIKNG KATOOKEVTNG, 1] OCTIKT TOPUYMYN VIEPTEPEL TNG OGTIKNG amoppdPNons. AvEnuévn
00TIKY TOPAy®YN TopoTnpeitan akdun kol oe TabNcelg Onmg vrorapabvpeocidiondc (Ubara
et al. 2005), veppikr; ooteodvotpoeio (Ubara et al. 2003) 1 oe Oepaneiec pe avaPorikong
napdyovteg (Lindsay et al. 2006).

1.2.2 Ooti] Avaxkatackevt] (Bone Remodeling)

Kotd ™ dbpketa g eviiikng {ong evog omovovAd{mov, T 06TA TOL AVAKATACKEVALOVTOL
HOVIL®MG amd TOVS O0TEOPAACTES KOl TOVG OCTEOKAAGTEG TOL Ppiokovial Ge cuvveM
cvvepyacia. H dopkn akepatdtnTo TV 06TMOV S1aTnpeiton HECH LG OUVOLKTG dlodtkaciog
7oV glval YvooT o¢ 0oTiKY| avakatackev] (Bone Remodeling). Méow avtig emtuyydvetor n
aVOVEMON TOL OKEAETOV, 1 emMOOpPO®ON TV HKPOEOOPOV TV HKPOUOVAS®Y TOV, T
otafepdTTO. TOV TV TOL 1OVICUEVOD OOPRECTION TOL EEMKLTIAPIOL YDPOL Kol M
TPOCAPLOYY] TNG TOGOTNTAG TOV OGTOV OTIG EKACTOTE UNYOVIKES OVAYKES TOV okeAetov. H
OGTIKY] OVOKOATOOKELY] €IVOL TO OMOTEAEGHO dVO AVTIPPOTTOV AEITOVPYIKAOV OOOIKOCIDV, TNG
OCTIKNG TTOPOY®YNG oL emTELEITOL OO TOVG 0GTEOPAAGTES Kot TNG OGTIKNG QmoppOPNoNG
OV EMTEAEITOL OO TOVG OCTEOKAGGTEC. X& PUOIOAOYIKEG cuVONKeEG Ol OVO dladIKaCiEg
Bpiokoviar og wwoppomia petald Tovg e€acariloviag TV oKEAETIKN akepondtnto. MEow
mg Owdwooiog oavtng avrtikadiototor 10 moAd 00td  pe véo, emdlopBdvovTot
UIKPOKOATAYUOTO Kol Kpo@OopEg TV Hovadwv Tov 06To0, puduiletol n opoloctacioo Tov
OVICUEVOL  aoPecTiOn TOL €£MKLTTAPIOV YMOPOL KOl TPOGOPUOLETOL O OKEAETOC OTIG
UNYovikég mECELS Tov Tov ackovvtal. 'Etotl, péocw avtig tng Acttovpyiag 0 okeAETOC evOg
TPLOVTAYPOVOL EVIAIKO avovedveTol TANP®G kdbe 10 ypdvia, evd avd mdoo otiyun
avaxoataokevaletor to 4% TG OMKNG 00TIKNG empavewnc. H ovvepyacio avty petady
00TEOKANOTMOV-00TEOPANCTOV ovoudletal pavopevo cvlevéng (coupling) kot amoteiel tov
akpoyoviaio Ao tg ocwotig ootikng avakatackevng (Ew.3) (Hill 1998). H ooty
avokaTookeu) ouvnbwg Aapupdvel pépog oe tuyaieg Bécelc | otoxevpéva oe BEGELG TTOL
ypnlovv anokatdotacng énerto omd kamolo kataypo (Burr 2002; Parfitt 2002). H dwotapaén,
avtifeto, avtg TG 1ooppomiog ovoudletar amoovlevén kot amotelel TV KOpPLL oitio
TPOKANONG UETAPOAIKOD VOOHLOTOS O™ €ivor M ooteondpwon mov yopaktnpiletor amd

avénuévn ootikn andieto (Trouvin & Goéb 2010).
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Ewova 1.3. Xynpotiki] oxsikovion tov gawvopévov ovigvéng (coupling) katd tnv 006TIKY) OVOKATAGKELT

netold 06TEOKAUGTAOV Kol 06TEOPLOOTOV VIO PuoLoloyIkig cuvOkeg (Hill 1998).

H dwdwacio ¢ ootikng avokatackeung oevepyeitarl oe 4 edocelg (Ewk. 1.4) : a) ) ¢don
gvepyomoinong, f) T eAcn 0GTIKNG aAmoppdPNoNG, Y) TN PACT) KLTTOPIKNG AVAGTPOPNS KOt O)
™ @don ootikng Topoyoyne (Raggatt & Partridge 2010). AkolovBei o cOvToun meptypaen

TOV PACEDV QVTOV.

A) ®aon evepyomoinong (Activation phase): Evepyomoieiton m ootikn emipdveln pécw
AOULAKPLVONG TOV ETEVOVUATIKOV KUTTAP®V KOt TEYNS TG HEUPPAvNG Tov £vOOGTEOL OId
m JOpdon ¢ mpwtedong KoAAayevaong. I[lapdAinAa, ot mpddpopor 06TEOKALGTEG
EVEPYOTOLOVVTOL OO KVTTOPOKIVEG KOl ALENTIKOVE TAPAYOVTES, GUVINKOVTIOL GE TOAVTVPNVAL
YLYOVTOKVTTOPO, TOVG MDPLUOVS OCTEOKAAOTES, Ol OMOIOl TEMK(O GLYKEVIPOVOVTOL GTNV
empdvelo Tov 0otov. H @don g evepyomoinomng dwopkel 1060 610 GTOYYMOEG OGO KOl GTO

QAOLDOEG 00T 5-7 Muépeg.

B) ®aon octiki)g amoppoenons (Resorption phase): Ot emotpatevpévol 06TE0KAAOTES
TPOCKOAAOVVTOL OTNV OCTIKN EMPAVEWD, KOl HE TNV OpAoYT OCTEOALTIKOV 0EEMV Kol
TPOTEVACHV EEKIVOVV TPOOOEVTIKA TNV OGTIKY OTOKOJOUNGT. XTO GTOYYMOES 0GTO 1 PACN

™G 00TIKNG amoppdenong olapkel 10 nuépeg evd oto PAOLMOEG 6-10 gfdopadeg.

I') ®4on kvtrapikig avactpoPins (Reversal phase): o1 06Te0KAAOTES ATOKOAADVTOL KO
amopakpOVOVTOL a0 TO TLOUEVO TNG KOWOTNTOG 7OV ONUIOVPYEITOL KOTA TNV OCTIKN
amoppoenon (obpio Tov Howship) poig kopeshovv and 16vta acPectiov 1 mebaivovv pe
amoOnTMOT, Kot 6t 0€on Toug epeaviovion o1 06TEOPAACTES. ZTNV PAGT OVTH LOVOTUPNVA
KOTTOPO ad1EVKPIVIOTNG OKOUO TPOEAEVLONC, ATOUOKPVVOLV TO, VITOAEILUATO KOAAOYOVOL KOl

TPOETOYALOVV TNV OGTIKY] ETPAVELD Y10 TNV EXOUEVN PAOT) TG OCTIKNG TOPAYDYNG.



A) ®daon ootikig mopoymyns kKot empetdioong (Formation phase): Ov mpo-
00TEOPAACTES TPOGEAKVOVTOL YNUEOTOKTIKA amd Tovg avéntikovg mopdyovteg (TGF-B, IGF-
I, IGF-I1, BMPs) mov £yovv anelevfepwbel otnv ootikn Ogpédio ovsio Kot Stopopomolovvtal
o€ MPYOLS 00TEOPAACTEG Ol 0TTOi0l GLVOETOVVY KOl EVOTODETOVY TPOOdEVTIKG Bepéda ovaial
(xvpiwg koAlayovov tomov I) mov dev €yel empetaAlmbel akopa (ooteoctdég). To
VEOGLVTIOEUEVO 00TO iVl 10OTOGO EKEIVOL OV aImOopPpoPNONKE GTIg TPponyoveveS pdoels. H
(AoN 00TIKNG Tapaymyns dwapkel 3 unves. H petafolikn povada tov 06To0 adpavomoleitat,
emoTpOVETAL EOVE OO EMEVOLUATIKA KOTTOPO KOl AELITOVPYEL GOV UIKPOKOTOGKEVOOTIKN
povéoda tov ootov. H @don g empetdAAmong, 0Tov EVOMUATMOVETOL VOPOELOTOTITNG GTO
00Te0€10€G, Eekva 30 nuépeg petd v amdBeot Tov 00TE0EWOVG Kot otapatd tnv 90N nuépa
Y10 TO GTOYYMOEG 06TO KaL TNV 130M nuépa yia 10 pAoumdeg 06Td. AKorovbel 1 pdon npepiog

Kot 1 S1odKaGion OAOKANPOVETAL.

Resorption

Osteoclasts

Resting Reversal

Apoptotic Osteoclasts

% Stromal and bone
lining cells

Formation

Osteoblasts

Ewéva 1.4. Ov @aosis TNG 0OTIKNG OVOKUTUOKEVNG KOl TG KUTTOPO TOV OGTIKOL HETAfOMGHoV mov

ovppeTéyovy o kKabe paon (Raggatt, 2010).

H ootk avaxotackevn puBuiletor omd yevetucots, cvotepikovg (ITwv.1.1) kot tomkovg
napdyovteg (ITv. 1.10). Kvprotepor givor ot avénrtikol mopdyovies Kot ot TPOPAEYUOVMOELS
KUTTOPOKIVEG OV HE TNV £KKPIOT] TOVG UTOPOLV Vo TPOKOAEGOVV TOGO OeTikd OGO Kot
apvntikod 1oolvylo ootov in VIvo kat in vitro. Omwmg £xel amodetytel To tedevtaia xpovia, Tov
ONUAVTIKOTEPO POAO GTNV PUBLLGT TNG OGTIKNG amoppOenong dtadpopatilel 0 TPosdETNS TOV
vodoyéa evepyomoinong tov mupnvikov wopayovta-kB (Receptor Activator of Nuclear

Factor kB Ligand, RANKL), mov avikel omv vrepoikoyévela tov Tlapdayovia Nékpwong



Oykov, TNF (Tumor Necrosis Factor), mapdAinio pe tov vrodoxéa tov RANK kot tov
aVTOY®VIOTY TOV VTodoyéa, TV ooteonpoteyepivn (OPG). H kuttapokivy RANKL amotelet
uoplo «kAeWi» otV 00TIKN omoppoepnon kabmng dSadpapatilel mpwtedhovia polo otV
dnuovpyia, emPioon kol evepyodotnto tov octeokiootodv (Boyce & Xing 2008; Kim et al.
2005).

Xvotepikot [apdyovteg Ooctikn Amoppdoenon Ooctwkn [Hoapoymyn

Owtpoyova

KoaActtovivn

Oupocdeic Opudveg

Koptikootepoegidn

AvEntikr) Opudvn

[MopaBopudvn
1,25 (OH); Burtapivn D

—| 2| o o 2| «| «
—| 2| | «—| >

Mivakog 1.1. Zvotepikoi mapdyovteg wov pvOpilovv v ootiky avakatackevt. (1) avénon, () peioon, (-)

apetapintn (Lawrence G. Raisz , 1999).

Tomucol ITapayovteg Ootikn Amoppogpnon Ootikn| [Hapoaymyn

OPG/RANKL/RANK
TNF-a

MCSF-1

IFN-y

TGF-B

BMPs

IGF-1, IGF-II

PDGF

IL-1, IL-4, IL-6, IL-11 1
IL-18 )

—| 5| | >

- 5| = —

Mivaxkog 1.I1. Tomkoi mapayovreg wov pvOpilovv Ty ootk avaxkatooksvi]. (1) adénon, (|) peioon, (-)

opetdfaintn (Lorenzo 2008).



1.3 KUTttapa mov CURUETEXOVV OTIC HETABOAKEG Slepyaoieg
Twv 00TWV

1.3.1 OoteoBAAOCTEG

Ot ooteoPraoteg givatl To. povadikd KOTTOPO TOL €ival VIEVOVVA YLOL TNV OGTIKY TAPUYWYT.
[Tpoépyovtar amd mPOSPOUO HEGEYYLUOTIKG KOTTOPO TO. OTOicL €YOLV TNV KAvOTNTA VO,
drapopomotovviar o dpovg ooteoPfrioteg (Pittenger et al. 1999; Dennis et al. 1999).
Awxpivovtol 4 otddio dtopopomoinong tov ootefractdv: 1) npo-octeoPrdotes, 2) dpiot
ooteoPAdotec, 3) ooteokvTTapa Kot 4) KOTTOpo OV emevovovy to. ootd (bone-lining cells)

(Ew. 1.5).

PRE- OSTEOID MINERALIZING MATURE
OSTEOBLAST OSTEOBLAST OSTEOCYTE OSTEOCYTE OSTEOCYTE
‘ Osteoid Mineral
' ' - '
. L
L] — ’ — - - ) ~ o - Py

. . . .

‘ . - .
Stro 1 Chfa1l PHEX DMP1 Sclerostin
CcD29 Osterix MEPE CapG FGF23
CD105 Alk Phos E11igp38 ORP150
CcD166 Osteocalcin Destrin

CaseinKinase |l Mt1-MMP

Ewoévo 1.5. Zynpoatiki] onelkovion TV 6Tadiov dtogopomoinens Tov o0oteoPfractdy. Xe kdbe otddio

drapopomoinong anekoviCovrol ta yovidia-deikteg Tov exkppdlovrol (Bonewald 2011).

Kato amd xotdAinieg emdpAcels to TPOOPOUO KVTTAPO HECEYXVUOTIKNG TPOEAEVONG
SlPOPOTOLOVVTAL GE TTPO-06TEOPAACTES T OTTOl0l EKPPALOVY AAKOAIKT POCOATACT, ®GTOGO
OEV PEPOLV YOPOKTNPIOTIKA AEITOLPYIKA OTOLKEld MOPU®V 06TEOPAACTOV ONMOS elvar 1
emuetdAlwon tov ootitn wotov (Takahashi et al. 2008). And mpo-ooteoPrioteg
OL0LPOPOTOLOVVTOL GE MPLOVG 06TEOPAAGTEC TOV dtaKpivovTal Yol TV KVPOEWN LopPorOYin
TOVG KO TO HEYOADTEPO EMIMESN EKPPACTG TNG OAKOAMKNG POGPOTACNG. XTO GTAS0 OLTO
TPOCEPYOVTOL GTNV EMPAVEIL TOV 00TAOV oe 0&celg Omov emteAeitan evepyn 0OGTIKN
napoywyn. Ot ooteofAdoteg mapdyovy kKoAhayovo thmov I, Pacikn dopukn povada yio Tov
00Tt 1010 KoOMOG Kot GAAEC TPMOTEIVEG OMMG TNV OCTEOKOAGIVI] KOU TNV OAKOAIKY|
ewoeatdon ta omoia eivar ypHoo katd Ty dodikacio tng empetdrioong (Clarke 2008).

Ov opyot octeoPraoteg aol emiteAécovv TV Plodoyikny Tovg dpdon akoAovBodv Tpelg
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OLOLPOPETIKES KLTTOPIKEG Olepyociec: €lte mebaivouv pe amOmT®OT, €11 O (POPOTOIOVVTOL
TEPUTEP® GE OGTEOKLTTOPO, €1TE TEAOG TOPAUEVOLV 0dPOVY] KOTTOPO KOVTE GTNV EMLPAVELD
0V 00710V. [Igpimov o 50-70% TtV 06TEOPAUCTMOV TEPVOVV TO 6TASI0 TNG amdmTwong (Lynch
et al. 1998). 'Eva amd to. oNUAVTIKOTEPH, GLOTOSOTIKG LLOVOTTATIO 10V pLOUIlOVY TV 06TIKY
Tapaymyn otovg ooteoPArdoteg eivan to Wnt/B-catenin povordri. To Wnt podpio npocdévetan
6€ £vOL COUTAOKO e TOVG LodoYelS frizzled kou LRP5/6 cuvumodoyeis. Amovcio mpdcsdeong
tov Wnt popiov, n kwvdon tng ocvvbetdong tov yAvkoydvov (GSK-3B) ewcpopvidverl to
puoplo g P-kotevivig pe omotéAeso TV oLPIKITVimon Kot akoAoVOmg TV amodduncn Tov
ot0 mpwteacmua. Avtifeto, mpocdeon tov Wnt popiov mpokaAel evepyomoinon Tov
Dishevelled popiov mov mapepumodifer v dpdon g GSK-3B kiwvdong. Avtd éxer cav
amotéleoya TV un omoddunon g B-Katevivng Kot TV UETAPOPA TS GTOV TLPNVA OTOL
EVEPYOTOLEL Ol GEPA PETOYPAPIKOV TopayOvIeov mov puhuilovv v dtapopomoinon kot
evepyodmro tov ooteoPfractodv (Westendorf et al. 2004; Huang & He 2008; Kubota et al.
2009). AXho. oNUAVTIKG GNUOTOSOTIKG LOVOTIATIO TOV £XOVV OVOYVMPIGTEL KOl EUTAEKOVTOL
oV S10(POPOTTOINGT TOV 0GTEOPAACTMV KOl GTNV OCTIKY TOPAY®OYN £IVOL TO GNUOTOSOTIKE
povomdrtia tov TGF-B (Transforming growth factor-beta) kow BMPs (bone morphogenic
protein) (Chen et al. 2012).

Ot xup1otepeg Proroyiké dpAcels TV 06TEOPAACTAOV glvar 1) 0GTIKY TapaywyY|, puOuilovog
™V SpOPOTOINCN TV 0GTEOKANCTOV pécw TtV popiov M-CSF (Macrophage Colony
Stimulating Factor), RANKL kot OPG mov mopdayovv (Takahashi et al. 1999). Emiong,
pvOuifovv v petokivnon TV TPOSPOU®V OCTEOKAAGTOV e TNV  OmEAELOEPMOT
YNUELOTOKTIKOV TapayOVTmV OTmG NG 06TEOKAAGIVIG Kat ToL kKoAAayovov tomov 1 (Malone
et al. 1982). Téhog, GALot Tapdyovtec Tov ekAvOVTAL amd ToVG 0oTeoPAdoTEG £xEL deryDel OTL
emmpedlovv Eupeca TV dpOPOTOINCT TOV 0CTEOKANGTAOV OTTWG 1 Tapadvpoeldns opuovn

(PTH), n PTHrP, TNF-a, IL-1, 1,25-(OH)2 Brrapivn D3 (Horwood et al. 1998; Martin 2005).

1.3.2 OoteoKUTTAPU

Ot 00Te0PAAOTEG TEMK®MG SOPOPOTOIOVVTOL GE OCGTEOKVTTOPO, TOL OO0 EVOWMUUTDOVOVTOL
péco oty veooynuoatiopévn Oepélar ovsion tov ootitn otov (Bonewald 2011). Ta
ooteokvTTOPO Elvan pkpdtepa o péyebog amd Toug ooteoPAdotes Kot yapaktnpifovrol amod
amovoio opyovidiov oto kvttapomiaocua (Aubin 1998). Evtomiloviar péco oe oyiopég
(lacunae) otov ootitn 16TO KOl OOV TAPAUEVOLY Y10, UEYAAO YpoviKO dtdoTnua £0¢ OTOV
TEMK®MG Yivetal amdOTTOon Tovs. MopeoAoyikd, ta ooteokvTTapa oynuatifouv éva dikTvo

amd devopoeldeic amoinéelg, mhovoieg oe axtivn (Dudley & Spiro 1961; Tanaka-Kamioka et
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al. 1998). H Boaoikn Aertovpyikn Tovg dpaon €oTidleTor oTnV OmOKPIoN GE Lo GEPA
unyovikev emdpdoemv o¢ Proatctntipeg (Cowin et al. 1991). Mikpokatdypota Tov ootitn
1GTOV 00MYOUV GTNV OMONTMCY TMV OGTEOKLTTAPMOV WE AMOTEAECUO OVENGN TNG OGTIKNG
avaxataokevnc. Ta ooteokvtropa mapdyovv RANKL kot pmopodv pe tv ogpd toug va
Oleyelpovv TV evepydTNTO. TOV OCTEOKANCTMV, OONYOVIOG G©€ OoVENUEVY] OGTIKN
avaxoataokevr. Ewdikdtepa, ta movtikia ota omoia £xetl yiver amoierpn tov RANKL povo
OTOL  0CTEOKVTTAPO,  EUPOVILOVYV  0CTEOTETPMOTIKO  QPALVOTLUTTO, OMOSEIKVOOVTOS OTL  TO
00Te0KVTTOPO amoteAovv TV Poaoctkny Ny mopaymyns RANKL katd tv didpkeio g
ootikng avakotaokeune (Nakashima et al. 2011). Téhog, €xetl deybei 6TL Ta 0GTEOKVTTOP
TOPAYOLV TO HOPLo TNG okAnpootivig (Sclerostin) mov mailer onuavtikd porlo oty pHduion
TOV 0OTIKOV amokpicemv &vavtt gufopunyovikeov emdpdocenv (Gaudio et al. 2010). H
oKANPooTivn «ta&ldedey) HEGM TOV SIKTVOV TMV OGTEOKLTTAPMOV GTNV EMPAVELD. TOV 0GTOV,
avacTEALOVTOG TNV dpdoT Tov onuatodotikov Wnt/B-catenin povomatiod pe amotéleso TV
OVOGTOAY] TOV TOALUTAAGIAGHOV Kol THG PloAoyikng dpdong TV 06TeoPAOCTOV, EVO OKOUN
evioyvel v amomtoon toug (Li et al. 2005; van Bezooijen et al. 2007). Mio mpdseot
peAéTn mpoteivel akdun 6t 1 okAnpootivn deyeipel TV SpAcn KOl TOV GYNUATIOUO TV
ooteokhaotmv (Wijenayaka et al. 2011). 'Etot, @aivetor OTL T0. 0GTEOKVTIOPA UEC® TNG
dpdiong g okAnpootivng pmopovv vo puBuilovv v gvepyodTnTa TOGO TV 0GTEOPAACTMOV

000 KOl TV 00TEOKANOTAOV.

1.3.3 00TEOKAAOTEG

H dwpopomoinon kot  6OvVInén tov 06TE0KAUCTAOV OMOTEAEL 1o TOAVTAOKN dtodtkacio e
TNV GULUUETOYN OPOP®Y PLOUCTIKOV Topaydviov. YO TNV Topousic Tov moapdyovio
diéyepone amowkidv pakpoedyov (Macrophage Colony Stimulating Factor M-CSF), o
RANKL endyet tnv ooteokAactoyéveon. O M-CSF mopdyetatl and tovg ooteofAdotes Kot ta
KOTTOPO TOV OTPOUOTOS Kol givor OMUOVTIKOG Topdyoviog Yy Tnv @pipgaveon Ttov
HOKPOPAYy®mV eV TPOGOEST TOv oTOoV LIodoyEa c-Fms mov exppdletar oe mPAdpPOpOLG
00TEOKAAOTEG EMAYEL TNV dl0LPOPOTOiNGN Kot eMPiwon| Tovg.

O M-CSF aviyvevnke opyikd cov €vag omd TOvS CNUOVIIKOTEPOLS TOPAYOVTOS TNG
00TE0KAOOTOYEVEGNC KOOGS elvar vtevBLVOG Yo TOV TOALUTAACIAGHO Kot TV eMPimoT TV
TPOJPOLU®Y OCTEOKANGTAOV KOl TV pakpo@dywv. Emdyst v ékepacn tov RANK oty
EMPAVELD TOV TPOOPOU®Y 0GTEOKANCTAOV, KOOIGTOVTOS tKavY TNV Tpocdect tov RANKL og
avtov (Lagasse & Weissman 1997a). Ot 06te0kAAGTEC TPOEPYOVTOL OO TPOSPOLLO. KOTTOPO

g apomomtikng oepdg (Ew. 1.6). H ooteokhaotoyéveon Eekivd [ie TOV TOAAATAAGLOGHLO
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KOl TNV EMGTPATELCT TPOSPOUMDV  OCTEOKANCTAOV, TO, OTOI0L TPOEPYOVTOL OO TNV HVEAKN
oepd (Walsh et al. 2006). Oppovikoi Topdyovteg Kor Kuttapokiveg pvOuifovv v mapaymyn
TOV 06TEOKAACTMOV. MeTaED avtmv mepthapPdvovtat ot petaypapikoi mapdyovteg PU.1, FOS,
NF-kB kot MI xabd¢ kot 1 kuttapokivny M-CSF kot 1 SRC kwvéon g topocivng (Boyle et
al. 2003). Ztnv cvvéyela, S10pOPOTOLOVVTOL GE LLOVOTOPTVOVG TPO-0GTEOKAAGTES, TOV OE [
TPOTN GAaon eivar apvntikoi yw v oavOekTiky 610 GA0G TOv TPLYIKOV 0&E0g O&ivn
eoopotaon (tartrate-resistant acid phosphatase, TRAP) kot akorob0wc yivovion Oetucol (Ewk.
1.6). n obvmén

00TEOKAGOTEG | M oOVINEN TOVG UE TPOLTAPYOVTEG OCTEOKAAGTEG 1N OKOUO Kol oOVTNEN

AxoiovBel TOV  HOVOTOPNVOV  OGTEOKANCTMV GE  TOALTVLPVOVG

TOALTOPNVOV 0GTEOKAACTMOV GE LEYUADTEPOVG.

[ sRANKL transgene (cytokine)
SHIP (phosphatase)
me{v) (phosphatase) OPG (cytokine antagonist) l
Bone marrow Precsteociast Fused Activated
precusor polykaryor] osteoclast
OPG OoPG
CFU-S CFU-GM \/
Fa/80 - M-CSF F4/80 i RASSE RANKL
TRAP -
CTR - CTR -
Ba- Ba-
PU1 0p/CSF-1 mouse op rat :S
(transcription {growth factor) : ;
factor) S fos (transcription factor) oc/Tcirg1 (ATPS)
R A p50/p52 Rel (transcription factor) src (tyrosine kinase)
ol | OPG transgene (cytokine antagonist) CATK (collagenase)
RANK (cytokine recepton TRAP (acid phosphatase)
; B, (integrin)
RANKL (cytokine) GCIn7 (chloride channel)
mi/Mitf (transcription factor) TRAF6 (cytoplasmic factor)

Ewova 1.6. Zynpatiki] amekovion Tov pnNyovicpod 06TE0KAAOTOYEVESNS. AlokpivovTal Ta S1dpopa 6Tadia
SPOPOTOINCTG TOV 0CTEOKANSTAOV 6T omoio, aokobv Oetikn emidpoom ot kpioipot mapdyovieg M-CSF kot
RANKL. Avrtifeta, o OPG avactoAréng tov RANKL aokel apvntikn enidpacn otny dladikacio d10poponoinong
TV ooteokAaotov. Kdtm onueidvovtol didpopeg onuelakés LeTOAAAEES o yovidla To Oomold TPOKOAOVLV
TOPEUTOSIOTIKN EMIOpaoN KAl OO WAV HETOAAAEELS o€ Yovidla mov £yovv OeTikn €mMidpOoN GTOV UNYOVIGHO

octeokAaotoyéveonc (Boyle et al. 2003).

Ot Op1pot 06TEOKAAGTEG TOAPOLGLALOLV KVTTOPIKY] TOAMGT), ONAAST LITOPOVY VO ATTOPPOPOVYV
0070 UOVO amd TNV KPOGCMTY] TOVG ETPAVELN LECH OO TNV 0010, EKKPIVOVTOL OGTEOAVTIKA
o&éa, erebBepeg pileg 0&uydvou kat VOPOYOVOL Kol TPOTEOAVTIKG Evivpa OTWS 01 VOPOAACES
Kot Kvoteompoteivioeg (kabeyivny K) mov emitehodv v ootikny amoppéenon. Ot

00TE0KAAOTES OTMG TpoavapépOnke elivor peydra molvmipnva kotrapa (10-20 Topnvec) ta
12



omoio. mpoépyoviar amd KOTTOpA NG MveAKNG oepdg (Suda et al. 1997). TIpdkertan yia
VYMANG eEedikevong kouTTOpa, To omoio eivor vmevOBLVA YL TNV OCTIKY ATOPPOPNON.
Yuvnbmg Pplokovior ce €mapn HE OCTEOMOMUEVO TUNUATO TOV OCTOV KOl HEGO OF
hakkiokovg (Howship’s lacunae) ®g omotéAecpo Tng OmOpPOPNTIKAG TOVS OpPAoTG.
XopaKTNPIoTIKO YVOPIGUO TOV 0GTEOKANGTAOV EIVOL 1] TTVYOTY EMLPAVELD TOV PEPOVV GTNV
pepPpavn Toug 610 onueio Tov PPICKETOL GE GTEVN EMOPT LE TNV TPOG ATOPPOPN G OCTIKY|
emeavewo (Tilman B. Drieke 2001). v wtoyot emipdveln, Bpiokovial KEVOTOTIOIOVG
tonov H+ ATPases mov amelevBepdvouv mpmtovia Kot givarl vredBuveg yioo TNV TTOGN TOV
pH o1t meproyn, n omoia cuuPdrel ot S10AVTOTOINGN TOV KPLOTAAA®Y VOPOLvATATITN Kol
evioyvel v dpdon tov tpowteacov (Vaananen et al. 2000). Extog avtod oty mepoyn avty
amavToOvTol dlaviotl yAwpiov, avtiiec mpotoviov, kapPovikn avvudpdaon Kot TPOTEOAVTIKA
évlvpa. I[TAéov yvopiCovpe T 1 dtohvtomoinomn Tov avopyavov HEPOLG TOL 0GTOV YiveETOL
and vopoyrwpikd o0& (HCI) to omoio dSwoyetedetar amd TN ATLY®TH ETPAVEID TOV
0oteoKAaoT®V otov Aakkioko (Blair et al. 1989). 1o scmtepikd TV KLTTAP®V TEPLEYOVTOL
coumiéypato Golgi, toydvopla Kot KVGTIO IOV HETAPEPOVY AVCOGMUIKA EvEvua To 0TToia
ouvtifevtal amd TOVG 0GTEOKAAGTES GE PEYAAN TOCOTNTO Y10 TNV ATOOOUNGT] TOV OPYOVIKOV
pépovg tov ootov (Vadnanen et al. 2000). To 90% tng opyavikng HALoG TOV 0GTAOV
amoteleitar amd TOmov I KoAlaydvo mov €xel v doun tpuAng élkag. Ta dkpa g AKag,
mov ovopalovtor tehomeEnTidwn, evavoviorl UETAED TOLG KOl OTOTEAOVV TO OLGKOAOTEPO
Koppdtt yo tnv o1domacn tov koAiaydvov. H kabBeyivn K eivon n povadikn mpmtedon kavi
va amodopel TV TPUTAY] AIKO Kol To TEAOTENTIOW, dNUoVPYDVTOS Koppdtio peyébovg 70-
80kDa (Inaoka et al. 1995). H tputA éMka KOl TO MOVOUEPT TOL ONUIOLPYOVVTAL
amOOOOVVTOL TTEPULTEP® WE TN Opdorn TANOOPOS TPOTEACHV (TPMTEAGES KLOTEIVING Kot
UETOAAOTP®TEAGEG) TTOL TOPAyoVTaLl At TOVG 0oTeoKAdoTEG (Ek. 1.7).

AALol Topdyovteg o1 0moiol EXNPEAlOLY TNV 0GTEOKANCTOYEVEST] EIVOL OPIGUEVES TPMTEIVEG
npocappoyeic. Meta&d avtov eivar n Grb-2 (Growth factor receptor-bound protein 2),
omolo. POGPOPLMAOVETAL OTO OPIVOEIKE KOTAAOUTA TNG TLPOGIVIG Kol OAANAETIOPA LE
TAn0dpa popiwv onuatoddTNoNG. ATOAELN TNG TPOTEIVNG GE LOVTEAN TOVTIKIDV TPOKAAEGE
N0 0OGTEOTMETPMGT], VITOOEIKVVOVTOS WG EIVAL QTOPAITNTY Y10 TNV OGTEOKANGTOYEVEGT], OAANL

oy emapkng (Wada et al. 2005).
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[ C __HCO;/CI- exchanger
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H*ATPase H,0 + CO,
CIC-7TR
( l' \ Carbonic
[ @/ anhydrase |
* - Osteoclast “:‘
| |
|
|

/
Cathepsin K

Ewévo 1.7. Zympotiky aneikovion Tng oopg TOV 06TEOKAUGTAV KUl TOV HOPIMV TOV GUUUETEOVV T

dwadikacia g ootikiig amoppéeneng (Novack & Teitelbaum 2008).

1.4 H YIEPOIKOT'ENEIA TUMOR NECROSIS FACTOR
(TNF)

1.4.1. Avayvopwopéva péin g TNF vrepoikoyéverag

H TNF vrepowkoyévelo ofjuepo amotereiton omd 18 péAn mov popdlovror kowvd dopkd
yopakpiotikd (Ewk. 1.8). Opiopéveg amd Tic o oNUAVTIKEG TPMTEIVES TNG OIKOYEVELNG Etvat
o. TNF, RANKL, BAFF, APRIL, 4-1BBL, CD30L, CD40L, CD70, CD95L, OX40L, LTa,
LTb, NGF kot TRAIL.

Ta mepiocodtepa péAn g TNF vrepowcoyévelag cvvtiBevtal o¢ StopepPpoavikéc TpmTeiveg
tomov I, dnAadr| o dpvo tedkd dkpo tovg eviomiletar 6to kutTapdmiacua (Gruss & Dower
1995). Aopukd, yapaxtmpifovrar yio pio HIKp KUTTUPOTAUCIOTIKY TEPLOYN KOL £V GYETIKA
peyaro eE@KVLTTOPIKO TUNHO TOL UTOPEl v O100TACTEL e TN dPAoT EOIKMOV TPOTEACAOV LE
™V omelevfépmon TG EKKPITIKNG HOPONG TG TPOTEIVIG. [evikd, oG eKKPITIKEG Kot
OlopepPpavikeés TPpmTEIVEG eivan evepYEG GOV OLOTPULEPT], TOPOTL OPICUEVE UEAT LITOPOVV
EMIOMNG VO VTAPYOVV MG ETEPOTPLUEPT).

Ta pnén g TNF vrepowcoyévetag popdloviot pio opdroyn meproyn (Tumor Necrosis Factor
Homology Domain — THD) 150 apwvo&éwv oty eEOKVTTAPIKT TEPLOYT TOV OmoTEAEITAL QT
pio oelpd cCLVINPNUEVOV OPOUOTIKOV Kot vopopofikav Kataroinwv. H THD meproyn dAwv
TOV TPOTEVOV AmoKTA TNV 1010, TETAPTOTAYN SOUN KO £IvVOL OTapaiTNTY Y10t TOV GYNUOTIGHO
tov tpuepmv. H THD meproyn €xet doun B- odvtovttg amotelodpevn and 600 mapdAinies B-
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TTUYOTEG EMPAVELEG, TOV 1 KAOE pia omd avTéC TEPLEYEL TEVTE AVTI-TOPAAANAES B-EMKeEG, Ot
omoieg maipvouv TV JSwpopewon jelly-roll. Emmv eocwtepikn mAELPE TOV ETIPOAVEIDV
Bpiokovtat ta cuvtnpnpéva aptvosén Tov evBHVOVTOL Y10 TOV GYNUATICUO TV TPUYLEPDV, EVD
oV &EmTePIKN TAELPE TOV EMPAVEIOV OVAUECH OTO YELTOVIKG HOVOUEPT Yivetar 1

npdcdeon Tov vrodoyéwv (Bodmer et al. 2002).

THFEF
Al-l THESE1S
THFSEF6
= THFEF 14
{{ THESFZ
I NFESF2
THFSF12
'_{ THESFS
II THFER7?
THNFSF13
‘ THESE138
THESF11
{:I THFEZEF10
THEZSEF4
THESEFS
THEZF18
_l THEZES
TNF Superfamily | Original Name Other Name Chromosome | Protein ID
Member
THNF3F1 Lymphotoxine. | TNFR 6p21.3 NP_000586
THFSF 2 THF o Cachectin 6p2l.3 NP 000585
TNF3F 3 Lymphotoxin p | TNFC 6p21.3 NP 002332
TNFSF 3L TAGT PGRP, P23 19 NP_D05082
TNFSF 4 OX40L GP34, CD134L 1g25 NP 003317
TNFSF 5 CD40L CD154, TRAFP X6 NP_000065
TNFSF 6 FasL CDO5L, CD178 1g23 NP_000630
TNFSF 7 CD27L CD70 19p13 NP 001243
TNFSF 8 CD30L CD153 9g33 NP 0012335
TNFSF 9 4-1BB-L 19p133 NP 003802
TNFSF 10 APOZ-L TRAIL 326 NP_003810
TNFZF 11 RANKI1 Osteoprotegenn ligand | 13914 NP_003692
TRANCE
TNF3F 12 TWEAK 17p13 3 NP _ 003800
TNFSF 13 APRIL TALL2 17p13.1 NP_003808
TNFSF 13B BAFF TALLL, THANK 13¢q32-34 NP 006564
TNFSF 14 LIGHT HVEML 19p13.3 NP _003798
TNFSE 15 TL1 VEGI 933 NP _005109
TNF3SF 18 AITRL GITRL 1923 | NP_003083

Ewéva 1.8. Opadonoinon tov perodv g TNF vrepokoyéverog faon g opordtntd TOUS, OVOROTOAOYIN
Ko yeveTikég minpogopies. Ilaveo eaivoviar ol oyéoelg petald tov npoteivov g vrepowoyévelog TNF oe
popo1 devdpoypappatog. Kdto @aivoviol ot TpmTeiveg TG DIEPOIKOYEVELNG, TO APYIKO TOVG OVOLL KOOMG Kot
dAleg ovopacieg mov Tovg £xovv dwOEL, TO XPOUOCOLLO GTO 0010 BPICKOVTIOL KOL O KOOIKOG TV TPOTEIVAOV TOVG

oto NCBI (Atlas of Genetics and Cytogenetics in Oncology and Haematology).
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1.4.2. H Yiepowkoyévewa twv TNF vtodoyewv

[Tepimov 30 vrodoyeig Yo T mpwteiveg g TNF vepotkoyévelag £xovv avayvoplotel 6Tov
avBpono kol To movtikl, omotel®dvtag TV vrepokoyévelr Tov TNF vmodoyéwv (TNF
receptor superfamily). Avtol ot vmodoyeic eivor dSapepPpovikés mpwteiveg tomov 1 kot
yopaxtnpifoviol amd TNV TOPOLGIN YUPUKTNPICTIKAOV TEPLOYDOV TAOVGLOV GE KLGTEIVEG GTO
eEmrvtTopkd Tpunua tovg (Aggarwal 2003). Kabe pérog g TNF vrepokoyévelag dévetal oe
évav 1 meplocoTEPOVS eEEIOIKEVUEVOVG VTTOJOYELS e PEYAAN cuyyévela. [ mapddetypa, 1
npoteivn TRAIL elvarl yvootd 611 deopevetar oe mévte vmodoyeic (DR4, DRS, DcR1, DcR2
kot OPG). Ot vrodoyeic g TNF owoyévelng HETOPEPOLY CNUATO GTO ECMOTEPIKO TOV
KLTTOPOL HEGH EWIKAOV OKOAOLOIDV GTNV KLTTOPOTAACUATIKY| TEPLOyY| Tove. H evepyomoinon
TOV VTOOOYEWV EMITUYYOVETOL HE TNV TPOGOEST TPIUEPDV TPOGOETN OV ETAYOLV TOV
OMYOUEPIGUO TV VTOOOYEWMYV, EMPEPOVTOC OOMIKEG OAANYEG OTNV  KLTTOPOTANCLOTIKY|
TEPLOYN TOV GNUATOSOTOVV TNV £vapEn TOL KLTTOPKOD UNVOLOTOC.

Baoilopevol og avtég TIC KUTTAPOTAAGUATIKEG akoAovBieg o1 vVodoyeic avtol pumopodv va.
KatatoyOovv oe Tpelg kupleg katnyopies. H mpmtn katnyopia mepiapfdvel vwodoyeic ot
omoiol  mepEyovy o yopokmnplotikyy  dopn  Bovdtov (death domain-DD) otmv
KUTTOPOTAOCLATIKY] TEPLOYN] TOVG. X OLTOVS TOVG LROdoYelg mepthapPdavovtar ot CD9S,
TNFR1, DR3, DR4, DRS5 ot DR6. Ot vrodoyeig g devtepng katnyopiog mepéyovy pia 1
neplocdtepec douEC aAAnAemidopaocng pe mapdyovieg mov oyetiCovton pe v TNFR
vrepowkoyéveld (TRAF interacting motifs) o1l KLTTAPOTAACUOTIKEG OLPEG TOVLG. TNV
katnyopia avt neptroppdvoviot ot vrodoyeic BAFFR, TACI, TNFR2, RANK CD40, CD30,
CD27, LT-BR, OX40, 4-1BB, ka1 BCMA. Ot vmodoyeig g tpitng xotmyopioag g
vrepokoyévelag Tov TNF vmodoyémv gite 0ev meptéyovy KOO0 AEITOVPYIKO KOUUATL GTO
Kuttapomiacpotikd Tunpa toug (DcR1, DcR2) gite dev givon dwapepppavicoi aArd doivtol
(OPG, DcR3) kot dpovv dueca ovtayoviLOUEVOL Tn OEGULEVCT] TOV TPOCGOETMV GTOVG
V0d0YElS TV 600 TaPATAV®D Kot yopldv eumodilovtag te avtd Tov TPOTO TNV LETAY®YT TOV

GNHOITOG,.
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1.5 IIpocdoétng Tov Yrmoodoysa Evepyomoinong tov Iupnvikov
Hopayovra-kB (RECEPTOR ACTIVATOR OF NUCLEAR
FACTOR-kB LIGAND - RANKL)

1.5.1 Aopn ™¢ kutTapokivnc RANKL

O RANKL egivar pua dapepppavikn mpmteivn tomov Il 6mov 1o apvotelkd dipo Ppioketon
070 KuTTOPOTAAGHO Kot TO KopPfoutedkd oty e€okvuttdpio meploy. Exovv avayvopiobel
3 wopopeéc yio tov RANKL tov avBponov (Ewk. 1.9). H xvpidtepn woopopen, n RANKLI,
glvor n dwpeuPpoavikn popen g mpwteivig, unkovg 316 apvoéémv. H RANKL2 etvar
eniong opeuPpavikn popen TG TPOTEIVIG, Omd TNV omoio OUmG, Aeimel €va UiKpo
EVOOKLTTAPLO TUNUa, URKovg 287 apvo&émv. Téhog, vmapyert 1 RANKL3, n omola eivan n
EKKPITIKT HOPOT| TNG TTPOTEIVNG, uKkovg 199 amuvoééwv. H exkpriikn poper g RANKL
TPOTEIVNG oL KLKAOPOpel oTo Prodoyikd vypd elevbBepmdveton amd v pepPpdvn votepa
and TpoTeolvTIK) TEYN 1 evalhoktikd patiopo (Ikeda et al. 2001). Apketéc mpotedoeg
&yovv Tpotafel TOS TPAYLUTOTOOVV TNV GLYKEKPIUEVN TEWYT OTwG To £VIVLO tumor necrosis
factor converting enzyme (TACE), n peuPpovikr] petaAronpwtedon MTI-MMP kot
npdoeata 1 disintegrin ko petodhompmtedon 19 (ADAMI19) (Chesneau et al. 2003). TTaporo
OV OAEC 01 IGOHOPPES etvar Proroyikd evepyéc, o poAog g kabepiag otnv mabopuoioloyio

TOPOAUEVEL ACOPNS.

Intracellular TM Extracellular
158 316
N Fc RANKL1
Stalk TNF-family
region homologous
domain
1 19 42 129 287
N }c RANKL2
1 4 199
N-E:.d -C RANKL3

Ewova 1.9. Ov 3 wopopeég g apoteivng RANKL. Ot RANKLI ka1t RANKL2 givor dapepppovikég
npwteiveg, evd 1 RANKL3 amotelel v exkprrikn popen g npoteivg (Ikeda et al. 2003).

17



Kabe popio RANKL mov mapdyeton aAAniemidopd avbépunta pe dAio 6vo oynuatilovrog
Tpepn o omoia givon amapaitnta yio v Oopaotikdotro oo RANKL. Kabéva amd ta
povouepn g mpwteivng RANKL, amoteheiton amd pio dopr B-cdviovtte 1 omoio meptéyet
dvo eminedec, avrimapdAinies B-nroywtég empdveiec. To TpmdTo EUAAO oynuatileTol amd Tig
B-emopaveieg A", A, H, C, kot F, eved 10 dedtepo amd tovg B, B, G, D, and E. Ecotepun
gtvon n B-emedveia A"AHCF, evdd 1 BBBGDE cvveiocpépetl kupimg oty e€mtepikn empdvela

(Ew. 1.10) (Lam et al. 2001).

AA’loop
A A’ A’ B’ B
B B BA. BB’ B
165 170 176 177 180 185 188 197 198 201 205
A A A ; A A
RANKL QPFAHLTI NAASIPS. . ... .... “RIKVTLSSWEAHDH KI SN. . MTL. SN. GKLRVNQ
TRAIL1d4dv RVAAH!| TGTEIGEISNTLSSPNSKNEKALGEIKI NSWIEISSERIEIIISFLSN. . LHL. RN. GELVI HE
CDA40L 1aly QLAAHYVI SEASSKT To v 5 5 % s 5 % % b o o SVLQ. WAE KGYYTMSNNLVTL. ENGKQLTVKR
TNF-g.2tnf KPVAHVVANHQVEEQ. . . . . .. .. ....... L EWL. RANALLAN. GMDL. KD. NQLVVPA
TNF-B1tnr KPAAHLMMGDERISKQNS. . . . . . ... .. ... .. L L WEEL RINFLQD. GFSL. SN. NSLLVPT
ACRP301c28 RSAFSVGLE. . TRVT. .. .. ...... VPNVPI RET. . KI FYNQQN. HYDGST. GKFYCNI
08 D [ ] ]
pC CD loop gD DE loop BE EF loop
211 215 220 225 230 235 240 245 250 255 260 267
A A A A A VS A FVVVVVVVVVVVN A
RANKL DGFYYLYANICFQHHE’HEGSVPHDELL@VEVVKTSIKlPSSH]NLMFgGGSTKNWSG{HS.. .
TRAIL 1d4v KGFYY!| YSQTMFEIFPIEE | KEMTANBIK[EIMWAQN YKYT. EREEBIP | L L MESARNSCWSKDA. . ..
CDA40L 1aly QGLYYI YAQVTFCSNREA .. SSQAPFI ASLCLKS. PGRFERILLRAANTHSSAK. . .. ..
TNF-g2tnf DGLYLVYSQVLFKGQGCP. .. .. DYVLLTHTVSRFAI SYQEKVNLLSAVKSPCPKD. TPEGA
TNF-B1tnr SGI YFVYSQVVFENXdAYSPKATSSELMLAHEVQLF SENR@AF HVPLLSS@KMVY. . . . . .. PG
ACRP301c28 PGLYYFSYHI TVYM. . . . .. .. ... KDVKVSLFEKX Wi.% . DKAVLFTYDQYQ. ... .....
o o © ® ®
BF BG BH
268 275 280 285 293 294 300 305 310 315
JVVVVIIVVVVVVN ) A A A A Aa
RANKL & % FYSINVGGFFKLRAGEE!SIQV% ........ MPSLLDP.DQDATYFGAFKVQDID
TRAIL1d4v . . [S0AGMYSI YQGGI FELKENDRI FVSVEl. . .. .. .. JEHLI DM. DHEASFFGAFLVG. .
CDA40L 1aly .. PCGQQSI HLGGVFELQPGASVFVNVT. .. .. ... DPSQVSH. GTGFTSFGLLKL. ..
TNF-go2tnf ELKPWYEP|I YLGGVFQLEKGDQLSAEVN. . ... ... LPKYLDFAESGQVYFGVI AL. ..
TNF-Bitnr L QEEWMHSMYHGAAFQLTQGDQLSTHTBL . ... ... GIEHLWML . SPSTVFFGAFAL. ..
ACRP30 1c28 ..EKNVDQASG%VL&H&EVGDQVWLQVYGDGDHNGLYADNVN ..... DST;;GFLLYHDT

Ewova 1.10.  Aopkn} gv@vuypappion g e€oxkvrtdprog neproyy tov TRAIL, CD40L, TNF-a, TNF-B, ko
ACRP30 pe v RANKL 7100 7OVTIKOU. XynUOTIK OEIKOVIGT] OEVTEPOTOYDOV SOUMY OTNV TPWOTEWVIKN
arxorovdia tov RANKL 6ntwg tov 11 B-empaveidv kabdg kot ot Béoeic Tov tecodpov Aovmov AA’, CD, DE

kot EF  (Lam et al. 2001).

To Tuqua ™¢ Tpwteivng mov Ppioketon €@ amd TO0 KVTTOPO, OMOKTO TNV YOPOKTINPIOTIKN
Slapdpemon tpiepots tov pedwv g TNF vrepowoyévelas. To cOumloko tov Tpruepoie
umopel va yapakmmpiotel o¢ pia mopapido (Ew. 1.11). IIpog t0 mapodv, Exovv aviyvevbel povo
opotpepn, kKabdg dev €xel mapatnpnOel Tpuepiopog g npwteivng RANKL pe xdmoro
aAro pélog tng vepotkoyévelog TNF (Lam et al. 2001).
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Ewoéva 1.11. Kpvoetariwi) dopn g RANKL mpoteiviig. Zynpotikn angwkdvion tov tpuepois tg RANKL
TPOTEIVNG gite pe kopdéles (a,¢) N emoaveleg (b,d) pe mpocavatoopd and o mhdn (8, b) ko amd méve (c, d).
Yy doun pe KOpdEAES UE TPAGIVO YPMLLO, TOPIGTAVOVTOL Ol B-TTUXWOTEG EMUPAVELES KOl TOPTOKOAL Ol AOVTEG

€vOG povouepove.

1.5.2 PUOpon ¢ kvtTtapokivng RANKL

H éxppaon tov RANKL and 1o kdtrapa Tov 6TpduUatog kot Tovg 0oteofracteg pubuileton
amd TANODPO KLTTOPOKIVAV Kot oppovikav moapaydviov (ITwv. 1.I00). Mopwa mov emdyovv
ooteokhooToyéveon, Omwg 1 wrtepAevkivin-1f  (IL-1B), m  wreprevkivn-6  (IL-6), n
wrepAevkivn-11 (IL-11), o TNF kabnhg n mapabopudvn (PTH) ko 1 1,25-610dpdEvPrropivn
D3, av&avovuv ta emineda ékppaocng oo RANKL, evd ot kuttapokives mov avastéAlovy v
ooteokAaoToYéVEST Ommwg N wvteprevkivn-13 (IL-13), n wtepeepovn-y (IFN-y) kot o TGF-B1
[e TV KotootoAn g ékepaonc tov RANKL (Walsh et al. 2006).
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OPG RANKL RANK

TNF-o
PTH

Estrogen

CD40L

IGF-I

BMP-2
PROSTAGLANDIN
IL-1

IL-4

IL-6 1
IL-11 1
IL-17
Calcium (Ca)

Glycocorticoids

| | o —|> || «| >

Cyclosporins
TGF-p

Vitamin D3

R e e e e I S = T I S I

—| 5| | «| >

Mivaxag 1.III. PuOmotég g ékgpaong tov OPG, RANKL, RANK. (1) avénuévn ékeppaon, () petmpévn
gxepoon, (-) apetdpintn éxkppaon (Kearns et al. 2008).

1.5.3 BloAoyikeg Apaoceig tov RANKL

O RANKL amoterel 10 poplo «kAeWd» omnv Sodkacio TG 00TIKNG amoppdenong kabmg
EMAYEL TNV O10pOoPOoTOiNGT, EMPIWCT Kot EVEPYOHTNTO TOV OCTEOKAAGTAOV dIVOVTOS TO EVAVGLLOL
ywo. v évapén g ootikng anoppoenong (Boyce & Xing 2008; Kim et al. 2005; Wong et al.
1997). Xg avtov amododnkay TowKiAa ovouata omd TG TEGOEPLS OLOUPOPETIKEG EPEVVITIKES
opnadeg kabepio amd T1g omoieg aKoAoHONGE SLOPOPETIKN TPOGEYYION YO TOV TPOGOOPIGHUO
Kot xapoktnpopd g npoteivine. Tov cuvavidue og ODF (Osteoclast differentiation factor)
(Yasuda et al. 1998), TRANCE (TNF-related activation-induced cytokine) (Wong et al.
1997), mg OPGL (osteoprotegerin-ligand) (Lacey et al. 1998) ko1 mg TNFSF11(Anderson et

al. 1997) xabd¢ amotelel to evoékato pELOG TG vIep-okoyévelag Tov TNF.
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H npoteivn RANKL ekeppdaletar ota devopitikd kottapa, too CD4+ T kdtrapa, voPAdoteg
(Anderson et al. 1997), k0ttapa GTPOUATOS TOV LVEAOD TOV 0GTMV, KOTTAPO TOL EVOOOHALIOD
Kot Tov emOnAiov, ooteoPfrdoteg kot ooteokVtrapa (Yasuda et al. 1998). Avdivon g
EKQPOONG TNG TPMTEIVNG G€ doPOPOVG 16TOVG £de1Ee TG eKPPALETAL KVUPIWG GTA GTTOYYMOM
00TA, TOVG AEUPAOEVEG, TOV BOUO, TOLG TVEVHOVES KO TOVG YOAUKTIKOUG OOEVEC KATO TNV
EPL0d0 TNG EYKLUOCLVNG, EVED G€ UIKPOTEPO PabId 6TOV GTANVA KOl TOV HLEAD TOV 0GTOV
(Lacey et al. 1998).

[Tépa amd Vv avadounon tov ootdv, N tpwteivn RANKL gaivetor va mailel onpovtikd
porlo ko og GAla cvotiuota (Ewk. 1.12) 60nw¢ 10 avocsomomtikd, KaOdG GUUUETEXEL OTNV
opipavon tov devopitikdv kuttapov (Anderson et al. 1997). Ermiong, tehevtaieg épeuveg
VIOJEIKVOOVY cuppetoyn ¢ mpoteiviig RANKL oty petdotaon tov kapkivov Kabmg kot
OTNV EUEAVIOT] KapKivoy Tov pactod Kot tov tpootatn (Armstrong et al. 2008; Jones et al.
2006). Téhog, €xer amoderyfei avEnom tng mpowteivnig RANKL katd t Sidpkeio Tng
€YKLHOoHVNG, N omoia. cuVOLALETAL He TNV avaTTLEN TV YolakToPdpov adévav (Fata et al.

2000).

RANKL

N

RANK RANK RANK RANK

Breast cancer
Prostate cancer
Osteosarcoma

Osteoclasts
& precursors

Mammary

Dendritic
cells

epithelial cells

Bone remodeling Lactation Proliferation Adaptive immunity

Ewova 1.12. Ou Brodoyikég dpacsig tov RANKL/RANK cvetipatog 6te 06td Kol 6€ sEOGKELETIKOVG

wotovg (Boyce & Xing 2007).

1.5.4 MetaAra&eig tng RANKL o€ ao0eveic kat {wikd TpoOTUTIX

H xatavonon g Proroywng opdong kot onuoacioc g RANKL €ywve epikt péom g
UeAETNC TEPALATIKOV HOVTEL®V oTo omoia elye adpavorotn et
10 RANKL yovidro. Edikotepa, and 2 ave&aptmreg peréteg oe RANKL knockout movtikio

dwmotodnke n kpowodtto Tov RANKL oty dadikacio tng 06TIKNG amoppopnong kabmg
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T0.  TOVTIKI eueaviiov Eviovn 0GTEOTETPOO AOY® un GYNUOTIGHLOD
ooteokhaotodv (Kong etal. 1999; Kimetal. 2000a). Mia axdéun vevetikny pet@Aiaén
ot0 RANKL yovidio, mov evtomiomnke oamd tv epevvntikn opdda g Ap. E. Ntovwn,
TPOKAAEGE VTOKOTAGTOOT] TOV OpvoEEDG TG YAVKivNg otnv Béom 278 amd apywvivn (G278R)
pe amotédecpa TV mopaywyn pwog un Asttovpyikng RANKL mpwteivng kot v epedvion

LU rovtiki (Douni etal.  2012). Téhog, £&yovv

éviovng ooteométpoon ota RANK
avaeepOel petaAlaelg oto RANKL yovidlo kar oe acBevelg pe ooteométpwon. Tpeig
OPOPETIKEG UETOAAAEELS €yovv eVTOMIOTEL G€ MOS0 HE OVTOCMUIKY VTOAAETOUEVT|
ooteométpmon (ARO) wotdco dev €xetl peketnBel o LoplokoOg UNYOVIGUOS TOV UETUAALAEEWV
avtov (Sobacchi et al. 2007). Ot pekéteg avtéc deiyvouv 6Tt 0 RANKL givon amapaitntog yio

TOV GYNUOTICHO OGTEOKANGTMV, KOL 1] AITOVGI0 TOL 0dNYEL GE 0GTEOTETPOGT).

1.5.5 RANKL kat Ooteoavocoroylia

[Mpdoateg peiéteg oe knockout movtikia ota omoia €xel adpavomombel 10 yovido Tov
RANKL, ébei&ov 601t 0 RANKL dwdpapotifel onuoviikdé poro mEPOV TOL GKEAETIKOD
GLGTNUATOG KOl GTO OVOCOMOMTIKO OTMOTEADVTIOG TNV «yEQUPO» TOV GLVOEEL TO OVO
cvotuato Kot £ykafidpvovag €11, To dlemotnovikd tedio Epgvvag g Octeoavosoloyiog
(Lorenzo et al. 2008; Walsh et al. 2006; Takayanagi 2009).

Av xor o RANKL elye apywkd avaeepfel ¢ mapdayoviag emPioong tov JevopTik®v
kuttapwv (Anderson et al. 1997), a&ilet va onueimbei 6t o devopitikd KOTTOPO dEV PAVIKOY
va emnpedloviol og movtikia ot omoia dev ek@pdaletar n mpwteivn RANKL. Qotdco, ta
movtikio avtd mopovcialov GAAEG 0vOCOAOYIKEG duoAELTOVPYieg OTMC petdpévo pneEyehog
Bopov, ominvoueyorio, EAdeyn Asppadévov kot pukpodtepa Peyer’s patches kot eddewnn|
nopayoyn kvttapokwvav (Kong et al. 1999; Kim et al. 2000a). Avtd to anoteléopara,
taprdlovv e TG mokideg Asrtovpyieg otig omoieg cuppetéyel 0 RANKL oto avocomontikd
ocvomua. Koatd v opyavoyéveon tov Asppadévov, pall pe v Aepeotoéivn-af (LTap),
pvOuiCovv v amoikion TV Tpddpopmv kuttapwv (D. Kim et al. 2000). Eniong, o RANKL
glvar vevBuvog Yo TV emAoYN TV BupokLTTIApOV HEGH TG PUBUIONG TOV EmMONAOK®OV
kuttdpov (D. Kim et al. 2000). Ewdwotepa, otov Bopo givol amapaitntog yio v EKQpacn
tov mapdyovia AIRE (autoimmune regulator), o omoiog mpodyst v wpipavon TV
emONAMok®OV KLTTAp®V ToL PVEAOD Tov Tailovv kaBoploTikd poOAO otV avATTLEN AVOYNG
évavtt tov gavtov (Hikosaka et al. 2008). Yrdapyovuv akoun ava@opés yio UTAOKN TOL
RANKL otv apvntikr emioyn tov T-AepQOoKVTTAP®V Kol GTNV YEVIKOTEPT] OVOGOAOYIKN

ooppormio. Tov opyavicpov (Yao et al. 2009; Gravallese 2002; Firestein 2003). Xto évtepo,
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EVEPYOTOLEL TNV ONOVPYID TOV OVTIYOVO-OEYLOTOANTTIKOV (antigen-sampling) M kvttdpmv
07O €VIEPIKO MO0 Ko elvar amapaitntog yio v opipavon tov CXCL13- eEaptodpevov
KpurTodou®v (cryptopatches) o€ amopovopévoug Aeupkovg adéveg oto pikpo éviepo (Knoop
etal. 2011).

[ToAAG KOTTOPO TOV avoGomoMTiKoU cvuothipatog ekepalovv Tov RANKL kot tov vrodoyéa
RANK. Ovtog, apyikd o RANKL giye vroklmvomombei and CDNA T-Aeppokuttdpmv Kot o
vrodoyéoc RANK amd ta devdpitikd kottapa. O RANKL ekppdletor eniong and ta B kot
voT «wvttopa, evd o RANK omd pokpopdyo kot povokvdttapa. In vitro yoprynon
avacvvovacpévng RANKL mpoteivng Pertidvel v mpookdOAAnotn Ko v emiPioon twv
OEVOPITIKAV  KLTTAPOV, KOODS KOl TNV TOPAy®YN KUTTOPOKIVOV, LE OTOTEAECUA VO
deyeipetor n avocoamokpion tov T-Aeppokvttdpwy. Qotodco, 1o to RANKL 660 kot ta
RANK knockout movtikia (Ashcroft et al. 2003) epupavifovv puoioroyikovg mAndvcpodc Tawv
OeVOPITIKOV KLTTAp®V TO omoio icmg e&nyeitor amd TV TOPOVLGio. TOL GNUATOSOTIKOV
pnyoavicpo CD40L-CD40R mov avtictafpilel Ty andAEW TOV GNUATOSOTIKOD LOVOTUTION
tov RANKL. Tlepapatikny emPefaioon g mopamdve OBewpiog npoékvuye o6tov o CD40
knockout movrtikio 6mov €ywve Tapeunddion tov RANKL pe tov puoikd tov vrodoyéo OPG
elye ooV AmOTELEGLOL TNV KATAGTOAN TNG 0vOGOATOKPLoT G TV T-AeHpoKuTTApmY VGTEPA OO
empoAvvon pe 1 (Bachmann et al. 1999). Xta IL-2 knockout movtikia ta omoia éxovv 6Aa T
T-k0ttopa.  evepyomompéva ko ep@oviouv  EAeyHov@OT  KOAiTda, PeAtidvovior To
ovpntoOpato votepa and yopnynon tov avoaoctoréa OPG (Ashcroft et al. 2003). Ta
AMOTEAECLLATO. OVTA KOTAOEIKVOOLV TOV avocodlepyeTikd porlo tov RANKL. ITapdra avtd
GALEC HEAETEC OVOPEPOVY TOV AVOGOKATAGTAATIKO poro Tov RANKL kot v wavdtta va
pvOuier v mapayoyn tov T-puOutctikov Aeppokvttapov (T-regulatory) pvBuilovrog v
Aertovpyia twv Kuttdpwv tov Langerhans kot katactéAhovtag avtodvocses avtidpAoel; oe
neployég ommg to oépua. (Loser et al. 2006). H yopriynon Fc-RANK oe dioyovidiokd movtikio
nov vrepekEpalovv tov RANKL k1o amd tov petoypapikd EAeyyo tov vmokvntr keratin-
14 (K14) mopepmodilelt MV 0VOGOKATOGTOATIKY] OpAGT TOV EVICYDOVIOS OVTOUVOGES
avtidpaoelg Tov oéppatog (inflammatory cutaneous contact hypersensitivity) .

Eniong, o RANKL moailet onuaviikd porlo oty  @ucoroyiky avémtuén tov B
Aeppoxvttapmv apod to RANKL knockout movtikia epgavilovv petopévo apbpd opyov B
Aeppoxvttapmv (Lagasse & Weissman 1997b) eved mapovoidlovv advvapio oty petdfoon
oto. ddpopa otddia drapopomoinong Twv B Aepgpokvttdpov (Raggatt & Partridge 2010).
[Tap’oha avtd o axpipng unyovicpdg mov eumiéket tov RANKL oty kuttapikn avamtoén

tov B Aeppokvttdpmv yxpnlet mepartépm diepedvnong.
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Téhog, n yopnynon tov RANKL o11g xothieg Tov €yke@drlov 1060 G€ TOVTiKIH OGO KOl GE
apovpaiovg £0e1&e 6Tt 0 RANKL gumhiékeron ota povomdtio puduiong tov mupetod GTo
Kevipikd Nevpikd Zoomua, eved PBpédnke o6t elvar vmedBovog yuoo v povOuon g
Beppokpociog Tov GOUNTOG OTIS Yuvaikeg Katd v ddpkela g woppnéiog (Hanada et al.
2009).

1.5.6 RANK

O vmodoyxéog RANK eivor pio Stapepppoviky mpoteivn tomov | mov otov dvBpwmo
ovvtifetar and 616 apwvolikd katdrowre (Anderson et al. 1997). H mpwteivip RANK
amoterel T0 LGOS vrodoyeéa tov RANKL kot ekppdletor oe xvTTOpO TG CEPUS TOV
HLOVOKVTTAP®V/LOKPOPAY®V, GUUTEPIAOUPBOVOUEVOV TOV TPOSPOU®Y 00TEOKANGTOV, B kot T
Aeppokvtropa, 0evopitikd kKuTTapa kol voPAdotes. H eEmrxuttapkn meproyn e TpoTeivng
(apvo&éa 30-194) dapopemvetat and TEGGEPLS GUVEXOUEVES TEPLOYES TAOVGLES GE KVGTEIVES
(cysteine-rich domains — CRDs), mov gival yopoktnploTikéc g owoyévelng tov TNF
vrodoyéwv (Ew. 1.13) (Marsters et al. 1992). Onwoc mapatnpeitor Kow o€ GAAG HEAN NG
owkoyévelag avtng, o vrodoyéag RANK dev oabéter eviopikn] dpactnplotta, £mouévad,
LETAPEPEL TOL CNUOTO GTO E£0MTEPIKO TOVL KLTTAPOL, YPNOLUOTOLDOVTIOS GALEG TPMOTEIVES-

napdyovteg mov oyetiCovran pe v TNFR vrepokoyévela (TRAF proteins).

616 234 213 29 1

cq X XC X v RANK

Cysteine-rich Signal
TNFR-like domains peptide

Ewoévo 1.13. Armeikévien tov RANK vmodoyfo. Zynuotikr amewkdévion g doung tov RANK mov
mephappavel 6to KapPod TEMKS GKpo pic LeydAn KUTTOPOTAAGHOTIKTY TEPLOYN KoLl GTO GIVO TEAIKO GKpO pio

gEwruTTopKn mEPLo)T TAODOL GE KLoTElvN oty onoia Tpocdévetar o RANKL (Kearns et al. 2008).

H mpoteivy RANKL oynuotiler éva etepo-eEapepés odumloko pe tov vrodoyéa RANK.
ZUYKEKPIUEVD, £VOL LOPLO VTTOJ0YEN OEGUEVETAL GTI GYLICUN TOL ONLUOVPYEITOL OVALESH GTO.
YEITOVIKA LOVOUEPT TOV TPipepovs tov mpocdétn (Ewc. 1.14). H mieloynoeia tov apvoéémv

TOL TOPVOLV WEPOG OTNV TPOGOECST TOL VLTOOOYEN, €ivol VOPOPIAC. TNV GUVOECT TOV
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VIOJ0YEN OTO TPIUEPES, OTMG avapévetal amd T Avorn tov dopumv tov TNF-b—TNFRSF1A
kot TRAIL-DRS, vrevbBuvor eivar kupiwg ot emipavelokoi Ppoyyol Kol CUYKEKPIUEVO GTO
ooumhoko RANKL-RANK éyxovv avoyvopiotel tpeig mepoyés: o Ppoyxoc AA’ mov
aAnAemidpd pe tov Bpdyyxo P2P3, n meproyn g lotdivng 224 tov TPoodETN KoL 1| TEPLOYN
g Agvkivng 89 tov vrodoyéa. Ot Teployés avTtég dapopomolovvTal amd ta VTtolotra Cevyn
VIOSOYEA-TPOGOETT, VITOONADVOVTOS TNV KPIGIUOTNTE TOLG Yoo £EE10TKELON TG GVVOEGNC

(Liu et al. 2010).

ﬁr" 7 4 ‘“\)-) g\&
c P .

Ewova 1.14. Aneikévion 100 ovpnriékov RANKL-RANK pe v popon kopdérac. Tpio popo vrodoyéa
RANK (oA, pof, tpdowvn Aent kopdéda) mpocdévovtar og Eva Tpylepég npmteiviig RANKL (kopé, Aepovn,
Koavn moyd kopdéha). Ot KOKKIVES, UTAE Kol TPACIVEG TEAEiES VTOOEIKVVOLY Ta Kpiowa opwvo&éa yio Tnv

oOvdeon tov vodoyéa oto RANKL tpuepéc (Ta et al., 2010).

1.5.6.1 Evtomiopog tov vrtodoxéa RANK

H éxeppaon 1o RANK pvfuileton amd xvttapokiveg Kol avENTIKOVG TOPAYOVIES TOL
pikpomepPAALOVTOC Tov 06TOV. Zuykekpiéva, o mopdyovtas TGF-B emdyet v €ékppaon tov
RANK &vd 1 IL-4 avactélhel TV £€KQpaon TOv, YEYOVOS TOV GUUPMVEL LLE TN OpdcT] TV 00O
TapayOvVI®V 6TV dlopoponoinon tov ooteokraotmv (Yun et al. 2001). O vrodoyéac RANK

ek@paletar oe mPOSdPOUOVS 00TEOKAAOTEC, ot devdprTikd kvutTopa (Anderson et al. 1997),
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oto KutTopo Tov pactikov adéva (Fata et al. 2000), otov BOpo, 6T0 IOP, GTO £viEPO OANA
KOl 0€ KATTO1EG GELPEC KOPKIVIKMV KVTTAPWOV TOV EUTAEKOVTAL G KoKon0eleg Ommg 0 KapKivog
tov paotov (Kim et al. 2006) kot Tov wpootatn (Chen et al. 2006) kabdc Kot 6€ KUTTAUPIKES
oelpég pehovopatog oe movrikio (Jones et al. 2006). H cvvdeon tov pe tov RANKL mpokaiet
TOV TPUEPIGUO TOL TLPOSOTMVTOG TO, KVTTOPIKA LOVOTATIOL TOL 001 YOOV GTNV £KQPOCT] TV

YoVidimv Tov gvBivovion yioo v Evapén TG 0GTEOKANGTOYEVESTC.

1.5.6.2 MetaAra&elg otov RANK o€ ac0eveig kat {wikd mpoTuma

MetoArdEeg oto yovioro TNFRS11A mov kmdkonolel tov RANK o0dnyodv cg éva ondvio
AVTOCOUKO EMKPATEG VOOILO. OV TOPOLCLAlel kowd ototyela pe tnv voco Paget, v
Owoyevn Alaotortikry Ootedivon (Familial Expansile Osteolysis, FEO) (Whyte & Mumm
2004). Meletdvtac v voco aviyvebnke dumdactooudc pag mepoyng 18 kb oto yovido
avTd. XOPOKTNPIGTIKE YVOPIGHOTO TNG VOoOL E€ival 1 KOTOGTPOPN TOV OOVIIOV, 1
TPOOJEVTIKT £EAMAMGN TNG OGTEOAVONG LE YEVIKELUEVO TOVO, TOPULOPPOTIKE KOTAYLOTO
Kot auENUEVO puBUO OGTIKNG OVOKOTAUGKELNG TOL OQEIAETOL GE GULVEXY £VEPYOTOINGT TOV
RANK (Hughes et al. 2000). Avrtifeta, £yovv evtomiotel PETOANAEELS OTO YOVISIO0 7OV
kodkorotei Tov RANK vrmodoyéa oe acheveic pe ooteonétpwon (Guerrini et al. 2008).

Téhog, 1 adpavomoinon tov yovidiov tov RANK oe knockout movrtikia odnyei oe coPapn|
ooteonétpmor. Ta octeomeTpoTiKG mMovtiKio yopaktnpilovtar amd EAAEWYN TEPLPEPIKMOV
Aepoadévov, ehattopotikny opipaven tov B kot T Aeppoxvttdpov, 10w @ovotumikd
YOPOKTNPIOTIKA LE TOL TOVTIKIO 0Ta 0TToia £xel Yivel adpavomoinon tov yovidiov tov RANKL,
pe v uovn dapopd 0Tt Tapovolalovy PUGIOAOYIKY avartuén Tov Bduov adéve (Khosla

2001; Li et al. 2000).

1.5.7 OPG

O vnodoyéac OPG elvar éva artvmo péroc g TNFR owoyévelog, kabBhg dev dabétet
Slapeppavikny meployn Kol TopAyeTo Hovo wg exkkpitikn mpwteivy. O OPG mapdyeton amd
KOTTOPO TOL GTPAOUOTOS TOV HLEAOD T®V 0GTAV, 00TEOPAACTES, devOpITIKd, £vooBnAloKd
KOtTopa, woPAdoteg, povokOTTopa, B- kot T-Agpeokdttopo Kol HEYOKOPLOKVTTOPA.
[Tepiéyel téooepig meploy€g MAOVGIES OE KUGTEIVEG GTO AUIVO-TEMKO OKPO, EVD GTO KopPosvy-
TEMKO TEPLEYEL dVO TEPLOYES e doun Bavdatov, Ko pia meproyn tpodcdeons g nrapivng (Ew.

1.15) mov mbavdv peidvel to ypdvo Mulong tov OPG péow g mpodcdeong Tov oty
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emeaveln Tov Kuttdpwov. Ot dopéc Bavdtov Kot 1 Teproyn Tpdcdeong TG Nropivng mbavov

oyetilovtou pe Tov dpepiopod tov OPG.

Heparin

binding

1" 22 186 361 | 401
v

L 7% DDA WD ====1 OPG

Signal Cysteine-rich Death domain Dimer
peptide TNFR-like homologous formation
domains regions

Ewova 1.15. Areikovion g dopg Tov OPG. Zynpotikn ameicovion g dopng tov OPG mov mepilapPdvet
70 00MY0 menTido, TNV TAoVGI0 Gg KVoTEIVN TTeployr Tpdcadeonc Tov RANKL, tn doun Bavdtov kat téhog v

neployn mpodcdecng nrapivng mov cuppetéyet otov dpepiopd g OPG (Kearns et al. 2008).

H avdivon g doung tov copumidkov RANKL-OPG, vrodeikviel Tog o1 T€66Epic mepLoyég
TAOVGIEG O KULOTEIVEC TOV OpVOTEAMKOD dKpov eivor vmedBuveg yio TV 6OVOEGT TOL
vrodoyéa 6tov RANKL. O vrodoyéag OPG pnopet va cuvoéetar oty npwteiv RANKL eite
G LLOVOUEPES, €lTE e TNV HOPON Oepovg, N onoia avtaywviletor Tov vrodoxéa RANK mo
amoteleopatikd (Ew. 1.16). H gpevvntikn opdda mov avélvce ) Soun, TPoTeivel Twe To
owyepéc tov OPG oympariCet pio dopn mov potdlel pe Y 2>, pe ta kopPoLuteAikd dkpo Tmv
LLOVOLEPDV, EVOUEVO, KOL TO, OUVOTEAKA TOVS dkpa eAevBepa. O VTOd0YXENS TPOGOEVETOL GTO
TPUYEPES TG TPOTEIVNG, KaTOAAUPAvovTag TI 000 amd TG TPELS OYIOUEG TTOL oynuatilel kbbe
HOVOUEPES e TO YETOVIKO Tov. [ TV avacTtoArn g mpdcsdeomng Tov vrodoyéa RANK ctov
RANKL, eivor omapaitnto o vmodoyéag OPG va Ppioketar pe ™ HOopen OSYUEPOVG
(Schneeweis et al. 2005).
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Ewova 1.16. Zynpatiki] oneikovien tov oopmriokov OPG-RANKL pe popon kopdéhac. To tpylepés g
apwteivinig RANKL (mpdovo) cvvdedepévo pe dpepn tov vmodoyéa OPG. Xtnv ewdvo mopotnpsitor kot m
yopoxtnpotikny dopny Y > mov dapopedvouvv to dipepn tov OPG yio vo cuvdeBovv oto tpiuepéc (Luan et
al., 2012).

1.5.7.1 Evtomniopdg ¢ OPG

Xe Kuttapikd eminedo M ooteonpoTeyEPivn eKKpiveTal KLplwg amd TovS TPO-06TEOPALCTEG/
KOTTOPO TOL CTPOUATOG, VD £xel Bpebel 6TL Ta B Aeppokdttapa givar veedbBuva yio to 64%
NG GLVOAIKNG TOPAy®YNG TG OOTEOTPOTEYEPIVIG OO TOV pueAd tov ootdv (Yun et al.
1998). Emiong, Bpébnke oTL exkpivetar t660 amd ta devopiTiKd KOTTAPO, OGO KOl amd To
Bvlaroedn devoprrikd kuttapa (Yun et al. 1998), ta evdobniakd kotTopa, To Agion PUIKA
KOTTOPO TNG QOPTNG, TOVS WWOPAAGTES, TOL OEVOPITIKA KOTTOPO KOl TIG AEUPIKEG KLTTOPIKES
oelpéc. Xe in VIVo peléteg £xetl avoeepbel EVvTOMIOUOC TG OOTEOMPOTEYEPIVIIG GE KLTTOPO.
00TE0PAACTIKNG TTPOEAELONG, OALA O EVTOMICUOG TG 6T Bgpéda ovaia Tov 06ToD gival VIO
apeispnon (Nakamura et al. 2002). To mRNA 1tng ooteompoteyepivng aviyveveTol GTo.
00Td, 6TOV apOfpKd YOVOPO, GTNV COPTH, GTO JEPUM, GTOVG TVEDLOVES, GTNV KOPOLH, GTOVG
VEQPPOVG, GTO MTOpP, OTOV EYKEPAAO kaBMG emiong oe Opyovo TOL OLUOTONTIKOD Kot
0VOGOTIOTIKOO GLOTARATOC Ogiyvovtag moiwkileg mbavég dpdoeig (Simonet et al. 1997,

Boyce & Xing 2007).
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1.5.7.2 PVOon ¢ k@ paong ths OPG

H éxppaon g ooteompoteyepivig puOuiletol KaTtaoTaATIKO amd SEYEPTIKOVG TOPAYOVTEG
g ooteokiaotoyéveons, oOmwc mn 1,25-(OH)2 D3, n mpootayiadivn E2 (PGE2), n
wrtephevkivn-1 (IL-1) ko 1 wapabvpoedng opudévn (PTH). Avibétmg, ta oiotpoydva, o
avéntikdg moapdyovrog petacynuatiopov (TGF-B1) kot 1 06Tk HopeoyEVETIKY TPp®TEIVN 2
(Bone morphogenetic protein-2) av&avouv ta enineda £KQPACNS TG OGTEOTPOTEYEPIVIG OTA
KOTTOPO TOV 00TEOPAACTAOV. XVVETMG, 1| OCTEOTMPOTEYEPIV] AELTOVPYEl G (PLGLOAOYIKOG
PLOUGTAG NG OOTIKNG amoppdPNoNG Kotd Tn O10dKacios TG OCTIKNG OVOKOTOUCKELNG

(Nakamura et al. 2002).

1.5.7.3 MetaAdageig ¢ OPG o€ ac0eveic kat {wikd povtéda

Awryovidraxd movtikio pe vrepékppacn OPG mapovcidlovv cofapn 0CTEOMETpWON Kot
HELOUEVO OelKTN 00TIKNG EVOAAAYNG OYETILOMEVT e pelmon Tov aplBol TV 0GTEOKANGTMV
OTN GTOYY®MON poipa ¢ HeTaevong tov oot®@v (Simonet et al. 1997). Avrtifeta, Tovtikia oto
onoia &yel adpavormomndei to yovidio g ooteonpoteyepivng (OPG-/-) mapovsialovv Popid
00TEOMOPWON HE dLdyvTa KOTAyHaTe AOY® oENUEVIG OGTEOKANGTIKNG dPACTNPLOTNTOS KoL
avénuévng emPimong TV 06TEOKANGTAOV, YEVIKN UEI®ON TNG OMKNG OCTIKNG TUKVOTNTOG,
OKEAETIKEG TAPULOPPDCELS EVA Elval YOpAKTNPIOTIKN 1 AGPECTOMOINGT TG 0LOPTNG KO TWV
veppikdv apmpudv (Bucay et al. 1998; Min et al. 2000), évag @owdtvmog mov Bvpiler v
LETEUUNVOTOWGLOKT 06TEOTOpmoT otov dvBpomo. O Whyte kot ot cuvepydteg tov 10 2002,
avakGAvyov petoAddEels o avBpomovg mov aeopodv to yovidlo TNFRS11B  mov
Kkwotkomotet yia tnv ooteonpoteyepivn (OPQG). [poxertan yro pio opdloyn omareipn Kot Tov
000 OAANAOLOPP®V, EVIOMIGUEVT] OTO XPOUOCOUO 8, L& CUVERELWDL TNV EUEAVICT coPapng
VIEPPOSPATALinG Kot Voo yvmot) o¢ Neavikr] Nocog tov Paget mov mposBaiiel kupimg
ol pE  KOPOL YOPOKTNPIOTIKA TOV YEVIKELUEVO TOVO, avEnuévo pulud 0CTIKNG
OVOKOTOOKEVNC, TOPOUOPPOTIKA KOATAYUOTO, OTMOAEWD SOVIIOV Kol avEnuévn Bvnoiuotta

MOy avénong tov emmédmv erevbepov RANKL (Whyte & Mumm 2004).

1.5.7.4 Mnxaviopog 8paong tng OPG 6Ttov 06TIKO HETABOALOHO

H mpoteivi OPG givatl o puoikog aviaymviotikdg vrodoyéag tov RANKL kafdg avactéidet
Vv 0pacn tov eumodifovtag v mpodcdeon tov otov vrodoyéo RANK kot emouévag tnv
ooteokAaotoyéveon. Ommg ¢aivetonr kKot amd 1o OVOUo TNG OOKEL HE TOV TPOMO OVTO
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TPOOTATEVTIKY] Opdorn oto ootd. H ooteompoteyepivn Aettovpyel ¢ eKKPVOUEVOG
avaotoréng Tov RANK onpotodotikod povomatiod pHEcm mpdGOEcG TG GTOV TopiyovTa
RANKL, ovooTtéAAOVTOG OLUVOY®VIOTIKA TNV OAANAETIOpOOT) TOL  GUGTNHHOTOC
RANKL/RANK (Ew. 1.17) otovg ooteokAdoteg Kot 6Tl Tpodpopes popeés tovg (Min et al.
2000).

CFU-M
# RANKL

.& OPG «*
‘;}_\\\ RANK 07 A

% Inhibited by OPG

Pre-Fusion
Osteoclast

-

d Multinucleated
ﬁ;?xtc:‘nzzdors ’ % Osteoclast
Cytokines ‘f

OPG ’ RANKL
S N
% %)
Osteoblast
Lineage Activated Bone

Osteoclast

Ewova 1.17. Zynpoatucy angikévion tov pnyavicpov dpacng tov OPG, RANKL kat RANK (Kearns et al.
2008).

H in vivo yopnynon OPG mpokarel abEnon g 06TIKNG TUKVOTNTOG KAl TOV 00TIKOD YKoV
Kot Tantoypovn peiwon tov aplfpod tev evepymdv ooteokiaoctodv (Yun et al. 2001). H
npocOnkn OPG oe KOAMEPYEIEC OCTEOKANGTAOV OVOCTEAAEL TN OLPOPOTOINCT T®V
TPOOPOUMY OGTEOKANOTMV GE MPLUOVS ToAVTuPNVOLS ooteokAdotes (Yun et al. 2001).
[Ipdoateg peréteg £xovv amodeitel 611 1 OPG mpoiapfaverl amotelecpatikd v 06TEOALON
oe éva TEPOUATIKO mpdtvmo kakonbovg vrepacPeotionpiog (Nakamura et al. 2002) xou
TopaAAnAa olamot®Onke 0t n yopnynon ¢ OPG og peteppnvomavctlokéc yovaikeg €xet
TPOKOAECEL 1oYVPN avaocTtoAn tng ootikng andiewag (Bekker et al. 2001a). Qotdco, dev
gvoeikvotol mAéov 1 yopnynon tg OPG cg acBeveig yia ypovikd dtdotnuo LeyoAdTEPO TOV 6
UNvov A0Y® Tov GUVTOHOL YpOvov muicelrg Cmng S oty KukAOQopio TOv aipotog
(Kostenuik 2005). EmmAéov, 1 ovyyéveln oOVOEONC OV TAPOVOIALEL PE TOV TPOGOETN
TRAIL, mov emiong aviker oty vrepoikoyévela tov TNF, kabiotd v OPG o¢ o un
TPOTEWVOUEVT] DEPATEVTIKY] AVIYETMICT TNG OGTEONTOPMOONG POV UTOPEl Vo EUTAEKETOL GE

UNYOVIGHOVS KOpKIVOYEVESNG. AuTd 0peileTar 6TO YeYOVOG OTL TOPEUTOdilEL TNV OpAGT TOL
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TRAIL mov omotelel oNUOVTIK KLTTOPOKIVY] YOO TNV ETAYWOYN OTOTTMOONG O KOPKIVIKE

kotrapa (Wiley et al. 1995; Emery et al. 1998).

1.5.8 Kuttapikd povonati cnpatodotnong tov RANKL

I'vopilovtag mwg m déopevon g mpwteivnig RANKL otov vmodoyxéa RANK eivon
QOPOATNTN YO TOV GYNUOTICUO OCTEOKANCTAOV, £XEl Yivel peydAn mpoomdbeion moTe va
avayvoptofovy ta povomdtia onpatodotnong mov evepyomotovvtal (Ewc. 1.18). To apyucod
Brna g onuatoddtnong sivan 1 déopevon tpwteivov g otkoyévelag TRAF (TNF receptor
associated factor) otnv xvtrapomiacpatiky mepoy] tov RANK. Ov mpoteiveg TRAF2,
TRAFS kot TRAF6 éyovv v wkavotra va deopedovtor otny RANK npmteivn, Opog povo n
TRAF6 @aiveton va petéyet ot dtadikacio g 06Te0KAAoTOYEVESN G, KAOMDS ovo to TRAF6
knockout movtikia epgaviovv ooteonéTpmor. TovAdy loToV £PTA LOVOTTATIO CTULATOIOTNONG
gvepyomotovvral amd v npwteivi RANKL, ta téocepa evepyomotov dpeca v dnpovpyio
ooteokilaot®Vv (NF-kB, c-Jun apwvotehikr| xwvaomn, c-Myc kot NFATcl) kot ta GAAda tpio v
gvepyomoinon kot emiPimon avtov ( src kivaon, MAPKSs kivdoeg kot Kivdoeg mov oyetilovtan
pe eEmkutrapikn onuatoddtnon). Extog and tig mpoteiveg TRAF o1 omoieg €yovv peietndel
OeEOOIKA Yo TNV OPAGT TOVS GTNV OGTEOKANGTOYEVEST), TPOGPATES EPEVVES VITOOEIKVOOVV
TOC 0 KOPLOG UETAYPAPIKOC TOPAYOVTOG TOV EUMAEKETAL OTH OOOIKOGIO GYNUATICHLOD
ooteokhaot®v givan 0 NFATcl (Nuclear factor of activated T-cells, cytoplasmic 1), (Ewova
1.18). O Wwitepog poAog tov NFATcl oty petaywyn Tov GNUATOS Yo TNV ONovpyio Tov
0GTEOKAOCTMOV, TOPATNPNONKE Yy TPAOTN Qopd oe movtikio oto omoia &iyov dSwaypagel
YEVETIKA Ol vmopovadeg pS0 kot p52 g mpwteivng NF-kB kot 1o oykoyovidio c-Fos
(Karsenty & Wagner 2002). IIpoondBeiec yioo S100®on TOL QOVOTOTOV amédEl&ay mTme
eEwyevng yopniynon NFATcl awpomomrtikddv PAACSTIKOV KuTTApvV oto (Do avTd, 001yNoE
omv omuovpyia ooteokiaotdv (Takayanagi et al. 2002). Emumdéov, vmepékppoon tng
TPOTEIVNG 6T cvYKekpEva {oa amd pio cuveymg evepyn popen tg NFATcl emdbyst v
onuovpyia ooteokhaot®v ond v mpwteiviy M-CSF, axopo kol amovcio g mpoteivng
RANKL (Yao Z, Matsuo K, Nishimura R, Xing L 2005), vrodniovovioc nog Bpioketol
mapokdato and Tic npwteivec NF-kB kot to oykoyovidio c-Fos 610 povomdtt onpotodotnong.
H npoteivn NFATc1 gvepyomoteitor and v anmopmc@opuiioon g acBectio-eEapTdUEVNS
TpOTEIVNG KoActvevpivr. H kukhloomopivn A, évac avacTtoréag g KaAcotveupivng, epmodilet
v evepyomoinon g NFATcl ypnoyonomOnke ®g avoocoKatacsToATIKO o€ acBevelc Opmg
napotnpnOnke andiewo ootiknc palog (Thiébaud et al. 1996). Mia mbav e€qynon yia to

amotéleopa avto eivar 1 NFATcl va puBuiler Betikd v ékppaon tng ootepiéng (osterix),
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piog Tpwteivng mov pubuilel tnv Aettovpyio Twv ooteofractmdv (Nakashima et al. 2002), kot
TO GUVOLOGUEVO OTTOTEAEGLO TV VO AEITOLPYIOV Elval UEIOUEVOS GYNUOTICHOS 0GTOV Kol

ooteomopwon (Koga et al. 2005).
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Ewova 1.18. Zynpotiki ancikovion tov onporodotikov povoratiov RANKL/RANK mov spmlékerol oty

dwaopomoinon Tov ostsokhactd@v (Nakashima & Takayanagi 2011).

1.6 RANKL ko IToOnoeig Tov Octov

H pevpatosdng apbpitido eivor por xpovid GUOTNUOTIKY  QOAEYLOVAOONG VOGOS OV
yopaxtnpileton amd vrepTAaGio TOL aPHPIKOL LUEVE 00N YDVTAG GE TPOOOEVTIKY] KOTOGTPOPT
™m¢ apbfpwong (Okamoto & Takayanagi 2011; Schett 2007). Ot wofrdoctec tov apbpikod
vuéva oe acbevelc pe pevparoedn] opbpitida moapdyovv TANBOG TPOPAEYLOVMOOIDV
KUTTOPOKIVAV TOV EUTAEKOVTOL GTNV KOTAGTPOPN TOV apBptkod YOvpov Kot ToV 06ToU OT®G
givawr n IL-1, IL-6, IL-11, IL-17 xar o TNF (Firestein 2003). Ta evepyomomuéva T
AELPOKVTTOPA OTMOC Kol Ol WWOPAACTEG TOL aPOHPUKOL VUEVE OTOTEAOVV TIC KUPLEC TTNYEG
nmapaymyng tov RANKL mov eivor vrevBovog yioo v avénpévn ootk amoppdenon oTig
apBpwoelc acBevov pe peopatostdn opbpitda. Ilpdoeateg peréteg £dei&av OTL 1 OCTIKY
KOTOOTPOPT] TOV TOPOTNPEITOL OTIG apOBPADOCELS QVTOV TOV 0cOeVOV  0QEIAeTON KOTA KVPLO

Adyo oy mapovcio evdg vromAnbuouod tov T Aepeokvttdpwv tov Aeyopevo Thl7, mov
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gumiéketor otnv moboyéveon oAV PAeypovodmv aobevelmv (Sato et al. 2006). Ta Th17
Aeppokvttopo eivor vredvBuova Yo TV aLENUEV OCTEOKAOCTIKN OpacTnNPOTNTU OTIC
apbpwoelc acbevov pe peopatostdn oapbpitda kabhg Ppédnke Ot Exovv peyoddTepM
éxppoon tov RANKL og ocOykpion pe tig vmoopddeg Thl xor Th2 tov T Agppokvttdpmv
(Nakashima & Takayanagi 2008; Takayanagi 2007). T'ia to Adyo awtd ta Thl7 xdtropo
Bewpodvtor oNUaVTIKOG BEpamELTIKOG GTOYOC Y10 TV TOPEUTAOIOT TNG OCTIKNG KOTAGTPOPNG
610G acbeveic pe peopatogldn apdpitida.

H ootwkn vocog tov Paget 1 mopapop@atiky 0oteltda, TpocPailel Eva 1 TeplocdTEPA 0GTA
Ko yopoaktnpileton amd v aveédeyktn abénon e opacTnPIOTNTS TOV 0GTEOKANCTOV Kol
TV 00TEOPAACTOV LE €MAKOAOVOO TNV OTOSOPYAVMOCN NG OPYLTEKTOVIKNG Tov 00Tov. H
vococ petafifaletor pe avtocOUKd ETKPOTEG TPOTO KANpovoutkodtntag. Ot acbeveilg pépouvv
peTaALGEEIS oTO YoVidlo Tov Kmdtkomowovv Tig mpwteiveg RANK, OPG kou SQSTMI, pia
TPOTEIVN OV gumAéketar otV evepyomnoinon tov RANKL-RANK povoratiov (Whyte 2006;
Roodman 2010). Exiong, avénuéva eninedo RANKL cuvovi®violr 6tny 06TE0TOp®OT VD
Aertovpywkég  petodrhaéelc oto RANKL yovidio éxovv eviomiotel oe aocbeveic pe

0CGTEOTETPMOT).

1.7 OcteonéTpoon

O 6pog 00TEOMETPOOT AVOPEPETAL GE Uil LEYAAN TOIKIAIL KANPOVOUIK®OV VOCULATOV TMV
00TV 1oL Yopaktnpilovior amd advvapio amoppOENoNS TOL OCTITH 10TOL Amd TOLG
00TEOKAAOTEG, M omoio odnyel e e£acBévion TG ooTiKNg OdUNoNG Kot avakatackevns. H
avénuévn ootikn pala mov mapotnpeiton o aVTEG TIG 0oBéveleg yapaktnpiletal and ddpopa
QOWVOTVTIIKG  OTOLYEl  OMMG  HOKPOKEPUAIR, TPOTOMOMGELS OTNV  KPOVIOTPOGMIIKY|
popeoroyio oA £xel emMOPACELS Kol GE AAAA OPYOVO KOl 1GTOVS OTIMG TO HVEAD TV 0GTMV
KOl TO VEVPIKO cVoTNHO. AAAD KMVIKA GUUTTOUATO EIVoLl OTMG OTMAELL OPACTG Kol 0KONG,
advvapio  €keuong Tev doviidv kot mlavotnta  avdmtuéng vroacPeotionpiog. H
00GTEOTETPMOT YopakTnpiletar and mEPLOPIGUEVT] I KOOOAIKY] OmMAELN TNG EVEPYOTNTAS TOV
0GTEOKAOOTMOV VM UEXPL TOPO YEVETIKA £YOVV EVTOMIOTEL LETOAAAEES O1APOpPOV YOVIdimV
(TCIRG1, CLCN7, OSTM1, PLEKHML1, CAIl, IKBKG, Kindlin-3, CaIDAG-GEF1, CTSK,
LEMD3, RANKL, RANK) mov cvoyetiCovior pLe TNV 0GTEOTETPWON GTOVG avOpOTOLG,.
(Stark & Savarirayan 2009).
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1.7.1 RANKL-g£aptopevn OcteonéTpoon o€ acdeveic (ARO)

AOY® ™G CLUUETOYNG TOV OCGTEOKANGTMV OTNV EKONAWON T®V OCHEVEI®V OLTOV, GE Wi
TPOGEATN £PELVA GE TOUOLE TOV TACKOLV OO OVTOCMKYT VITOAEITOUEVT] OCTEOMETPMOT),
peretnOnke n Asttovpyio g tpwteivnig RANKL. Ta amoteléopata poavepdvovy v vmapén
plog peyding mowidog petodddéemv oty eEwkvttapikny nepoyn s RANKL mpwteivng,
oV 0dNyolv oe andiea ¢ Asttovpyiog ¢ (Lo lacono et al. 2013). H Sobacchi kat ot
GUVEPYATEG NG YO TPAOTN POopa avayvaploov UETOALAEES oto yovido RANKL kot o
CLYKEKPLUEVL EVTOTIGOV 3 SlopopeTikéc petalddéelg oto yovidto RANKL oe moudid pe
OVTOCMOUIKT] VTOAETOUEVT] 06TEOTETPWST (ARO): M199K (apuvo&ikn vrokatdotocn og o
VYNAd covinpnuévn meployn), del145-177AA (npoxadel amopdkpovon g A B-aivcidag Kot
g pong AA’ Aodmag pe amotédecpa v un mpodcdeon otov vmodoyéa RANK) ko
V277TWEXS (amolewa g F alvoidoc, n omola eivor onpoviikny yio tov Tplpuepiopd g
RANKL) (Sobacchi et al. 2007). Qotd6c0, dev €xet mpaypotomondei o Proynukds Kot
AerTovpyIKOG yapokTnpopos tov petaArdéewv tov RANKL oe acBeveic pe ARO. TToAv
mBovov o1 PETOAAAEELS aVTEG 00MYOUV otV apoywyn un Asttovpywkng RANKL mpmteivng
pe advvopio mpocodeong otov vrodoyxéo. RANK kot teMKdg oty un dwgpopomroinom

TPOOPOU®V KLTTAP®V GE OPUOVS OGTEOKAAGTEG,.

1.7.2 Mlewpopotika Movrého RANKL-gaptopevng OoteonéTpoong

>10 medio g Epeuvag péypt onuepa 3 sivon ta mepapatikd povrédo RANKL-eEaptdpevng
ooteométpwons. To Vo mpmdta poviého mpokertor ywo. knockout movtikie oto omoia
adpavorotinke to Rankl yovidio (RANKL™) pe yoviduky otdyevon (Kong et al. 1999; Kim
et al. 2000a). Ta RANKL" movtixia Sev napdyovv v mpoteivn RANKL, mapovoidlovv
£VTOVT] LOPON OGTEOTETPMONG LLE TANPN ATOVGIN OGTEOKANGTMV, AVENUEVT OGTIKY LAl Kot
TOKVOTNTO Ko advvapior Ekeuong tov doviiwv (Ew.1.19). Emmiéov ta RAN KL movtikw
epeaviouv AP advvopio GYNUATICHOD AEUPAOEVOV KOl EMUTAOKEG GTNV Ol10POPOTOiNom

tov T kot B Aeppokvttdpaov (D. Kim et al. 2000).
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Ewova 1.19. Ancikévion ootsometpotik@®@v RANKL™ movrikdv. (A) Iotoloyiky] aviivon Tov poxkpov
00TV 6mov evtomiletatl ovénuévn ootikn Hala oty KOOTNTO ToL PEroD TV 06tdv oto, RANKL™ movtikia.

(B) Advvopia ékguong tov dovtidv ota RANKL™ movtikio (8e&{ movriky) (Kong et al. 1999).

To 1pito povTEAO 0GTEOMETPMOONG, TOL SNUOLPYHONKE amd TNV EPELVNTIKN HOG OUAdO UE
toyoio ynuikn petoddagoyéveon pe atBvivitpolovpio (ENU), opeihetan oe pio onpeiokn
petddroén oto yovidlo Rankl mov odnyel o€ vrokatdotaon Tov apvo&Eog g YAVKivg 6TV
0éon 278 amd apywivny (G278R). Ta RANKL"MS rovtikio eppavitovy éviovn popor
ooteoméTpmong opowo pe to RAN KL movtikuw, LE OTOLGIN GYNUOTIGUOD OGTEOKANGTMYV,
avénuévn ootikn pdlo 6Ty KOAOTNTO TOL HVEAOD TOV 00TAOV KOl OTMOAELN EKQUONG TOV
Sovrtihv (Douni et al. 2012) (Ew. 1.20). EmmAéov, ta RANK L™ rovticio yopoaxmpiloviar
amo tpdmpn Bvnopdnrta, vroriacio Tov BV, LUEYEDN CTAVA Kot 0moVGio ASUPAOEVOV.
Olo o0 TOPOTEAVEO QEOIVOTUTIKA EVPNUOTA EPYOVIOL GE TANPN CLUEMVIO HE EKEIVO TTOL

les/tl ,
LUesites  rovrikia

avapéptnkav ota RANKL" rovtikie xatd 1o mopeABov kot RANK
amotelovv o povadikd poviéha RANKL-gEoptdpevng 0oteonéTpmons mov ogeiletol g

ONUELOKT LETAALOED.
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Ewova 1.20. Ta RANKL"" rovrikia eneavifovy évrovn ootsoméTpoon). (A) Ewdvec amd tnv meployn g
KVIUNG OV QOIVETAL YOPAKTNPLOTIKG 1) OGTEOTOINGT OTNV TEPLOYT] TOV HVEAOD TOV 00TAV (Ypmdon von Kossa).
(B) Amovcia ooteokhactdv omv mepyn tov toxiov ot RANKL'™MS movtikia (xpdon TRAP). (C)
Tprodibotateg elKOVEG TOV GTOYYDIOVE 0GTOV GTHV TEPLOYN TNG HETAPLONG ToL pnpaiov petasd WT, RANKL

F car RANK L™ e yiicpotopoypagio: vyming avéivone (Douni et al. 2012).

1.7.3 Ogpancvtikny wpoctyyion kato TN RANKL-eEapTtopevng
OcteonnéTpmong (ARO)

Amo Vv otiypr] mov katavondnke 1 onuacic tov RANKL w¢ kevipukod puBuiotr| g
00TEOKANOTOYEVEOTG, TOAAEG TEPAUOATIKEG TPOGEYYIGES OKOAOVONGOV UEAETOVIOG TIC
emdpaoelg mov £xel n e€myevng yxopnynon g ekkprtikng popeng tov RANKL oty doun
KOl TOV HETAPOMOUO T®V 0GTMV GE MEPAUATIKG LOVTEAN TTOVTIK®V Kot apovpainv (Lacey et
al. 1998; Lloyd et al. 2008; Tomimori et al. 2009; Yuan et al. 2008). H ekxpitiky popen tov
RANKL mpokaAel onuovtiky peiwon g ootikng pdlog Kot g OOTIKNG TUKVOTNTAG GE
TOVTIKLOL KOl apovpaiong Ayplov TOTOL dtav yopnyeitat vTodopla 1 eVOOEAEPLA Yo StdoTna
7 NUEPOV TPOKAADVTOS TOVTOYPOVA aDENGT TOL aplBUoy TV 06TEOKANGTOV. Mg Bdon ta in
VIVO dedopéva Kot mapatnpnoels yivetar Kotavontd 0Tt pio QopUOKELTIKY TPOGEYYIoT V1o
mv OBepancio acBevov pe RANKL-gaptodpevn ooteométpwon Oa umopodvcoe vo eival m
yopriynon avacvvovacuévng RANKL mpoteivne. e mpoxhvikd eminmedo, £ywve yopnynon

avacvvovacpévor RANKL cg RANKL" movtikw kébe 2 NUEPES Y1OL GLVOMKO O1AGTNLLOL
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evog uva. Ta amotedéopota £0e1&av TANPN O1ACMOGN TOL EUIVOTOHTTOL TV 00TMOV, AVENOT
00TEOKANOTOYEVESTG KO TNG OCGTIKNG amoppoenons. Tavtdypova mapatnpeital exavapopd
KOl TNG OULOTOMTIKNG AEITOVPYIOG GTO LVEAD TV 00TMV Kol BEATIOON TG OOUNG TOV GTANVOL
kat tov Ovpov (Lo lacono et al. 2013). Emmiéov, ota ooteometpotikd RANKLUESMeS
ToVTiKlo, 1 VTodopLa Yopnynon avacvvovacuévng GST-RANKL mpwteivng yuo 2 efoopdoeg,
npokodel oymuationd TRAPT 006te0kMaGTdOV 6T0 GTOYYddes Kot pAo1ddec 0otd (Ewk. 1.21)
(Douni et al. 2012).

Ot mpokhvikée perétec o6 RANKLY ot RANKL"™ rovrikia katédei&av tv onpasio kot
™V omovdaldTNTO UG OEpamEVTIKNG TPOGEYYIONG  YPNOLOTOIDVIOS  OVOGLVOLOGUEVN
RANKL mpoteivn yio v Bepaneio g RANKL gEaptopevng-octeonétpoong o ARO
acbeveic. Qot6G0, PEYPL TOPA dev £xoVV Tpaypatomoindel KAMVIKEG SOKIUES e 0oOEVELS e

RANKL &£aptdpevn-00Te0METPOOT VO Omouteitanl dlepedvnon Yy Tov TPocsdlopiopd

mOovdv ToEKoAoYIKOV emdpdoemv g xopnynons RANKL ce octeonetpotikois acheveis.

Rank|Pesties
Rank{'estes + rec RANKL
Z oS " i
(. :’:‘
7 "\ N - -
e | 7 S
e o %
A\

Ewéva 1.21. Xopiynen avacvvévaspivic RANKL mpoteivig ota RANKL"™ govrikie 0dfynes ot

CYNUOTIGUO 0GTEOKAUGTAOV GTNV TEPLOYY] TOV 6TTOYYMDI0VG 0670V (Xp®don TRAP) (Douni et al. 2012).

1.8 Octeonopmon

H octeondpwon ®¢ vOG0¢ TMV 06TOV TEPLYPAPNKE OTIC apyéc Tov 19% awdva omd évav
dwokekpévo Ayyro yepovpyd tov Sir Astley Cooper, o omoiog emonpove 1L 1 AETTUVON Kot
N HOAQKOTNTO OV OOKTOVV TO OCTH HE TO TEPOG TNG MAKING €uvoovV TV TPOKANON
kataypatov (Rosen 2005). To 1940, o Apepikavog evdokpwvordyog Fuller Albright
TEPLEYPAYE TNV UETEUUNVOTOVGLOKT OGTEOTOPMOT Kol OTOTMGE TNV Amoymn OtTL lval 10
amotédecpa eE0cOEVNONG TG 0OTIKNG Topay®YNG AOY® TV EAAenyng olotpoydvev (Riggs et
al. 1982). Q¢ ovvéneln, mpotdbnke n Bewpior 6TL VEAPYOLY 6VO TOTOL 0GTEOTOPMONG, M

oYeTICOUEVT HE TNV EAAELYT) O1GTPOYOV®V KOTA TNV EUUNVOTavon (ooteontdpwon tomov I) Kot
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N oyetilopevn pe v EAMAEWYN aoPectiov Kol YNPAVONG TOL GKEAETOV (0GTEOTOPMOT) TOTOV
10).

H oocteondpwon cuyvd dev dayvdoketor Kot dgv Bepamevetal, Kupimg AOym g EAAeyng
copntoudtov. o tov Adyo avtd yopakmmpiletor MG «o1OmA emonpioy kabdg amd avtn
ThoyeL Ol LOVO 1 TAEOYNOI0 TOV YOVOUIK®OV UETE TNV EUUNVOTOVGT, 0AAL Kou 1 otovg 8
avopeg. Etvan pia acBévela mov yapokmmpiletol and otadtok pHeimon g mukvoTnTog Kot TG
TOWOTNTOG TOV OCTMV 1 OTole €€l MG OMOTEAEGHO TO. OGTO Vo yivovtiol o AEmTd Kot
evbpavorta pe avénon tov kivovvouv katdypatoc (Albright et al. 1941). Ipdkerton yio pio
dradedopévn achévela avénuévng voonpotntog kot Bvnopdtntog (Johnell et al. 2004). Ta o
cuvnOopéVA KATAYLOTA TOV TPOKOAOVVTOL A0 TNV 0GTEOTOPMOT €val 6TOVG GTOVOLAOLG,
ta omoia fvon eEoupetikd endvva kot Thavo va eEeAryBoVV G€ KATAYHOTA TOV YOOV 1 TNG
6TOVOLAIKTG GTHANG. AAL TOAD cuvnOicuéva yvopiopoto T vOsou gival 1 amdAELD VYOLG,
N KOP®GN, 0 TOVOG GTNV TAATN Kot 1 HEI®MON NG PVGIKNG Kol YUXOAOYIKTG AELTOVPYLNG TOV
acBevoig (Silverman 1992).

H oocteomdpmon eivol po cuGTNUOTIKY TOAVTOPOYOVTIKTY) VOGOS oL Yopoaktnpiletor amod
UEIOUEV OOTIKN TUKVOTNTA KOl OAAOION TNG UIKPOOPYITEKTOVIKNG OOUNG TMV 0GTMV
ooMydvToS oe owénuévn guBpavctotnTa Kot emppénela yioo katdypato. Eivor n mo ovyvn
petafolikn malnon twv ootdV Kol YopokTnpileTor and mopdAANAN EAATTOON TOV AAATOV
Kol NG opyavikng Bepéhag ovsiog tov ootitn 1otov. To amotéleoua eivar n peimon g
TOGOTNTOG TOV OGCTITN 10TOV YWPIG OUmG vo emnpedleTon n KOVOVIKY] Tov ovotact. H
006TEOTOPWOT EIVOL ACLUTTOUATIKY VOGOGS, Yopaktnpiletal cuyvd oG 1 «S1OINAN» VOG0G TV
00TOV Kot TpokaAel koTdypato (cuVNO®MG CLUMESTIKO KATAYIO TV GTOVOOA®V 1| KATOYLLO.
TOL KOPTOV, TOV 10Yiov, TOV TALLP®V, TNG TLEAOL 1 TOL PpoyldVIOL 06TOV) Kol
mapapopemcels. To ooteomopwtikd Kdtaypo pmopel vo mpoxkoAeiton amd tpoavuo (m.y.
TTOOMN) M Kol avTOpHOTE, ONAAdN Ywpic TNV mapovsio Tpavpatoc. Mio oTig 0V0 yuvaikes Kot
€Vag OTOVG TEGOEPLS AVIPES TAV® Oomd TNV NAKIO TOV TEVIVTO £TOV UTOPEL Vo EUPOVICEL

ooteomopwtikd kdtaypo (Gullberg et al. 1997).

1.8.1 ®vowoioyia Ooteomopmong

H oot pala svocwpevetarl otig 600 TpmdTeg dekoeTieg ™G Cmng evOg avBpmmov. Zta vy
dropa, M péylotn mokvotTo NG O0TIKNG WAlag emmpedleton Kupimg amd yeveTukoHs
ToPAyovTeS Kal To fapog. AcBévela 1 S1OTPOPIKY OVETAPKELD KATA TNV TOOIKTY NAKio Ko
UELOUEVT] TTOPOYMOYT OTEPOEO®V Katd TV epnPeia, cvyvd eumodilovv TV amdKINGN TNG

HEYLOTNG OCTIKNG TLUKVOTNTOG KOl TPOSLOOETOVY TO GTOUO VO EUPAVIGEL OGTEOTOPMOY| GE
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peyorvtepn nhkia (Bonjour et al. 1994). Xta veapd drtoua, n 1ooppomio peTa&d 00GTIKNG
amoPPOPNONG KOl 0CTIKOD CYNUATIGHOD AEITOVPYEL COOTA KOl 1 ovadOUNon yivetor ywpic
Kamota peTafoir| ot puctoroyia Tov ootdv. Kabhg avEdvetar n nAikia tov atdpov, Opme, 1
EMAEWYT] O10TPOYOVAOV OTIG YUVOIKEG PETE TNV EUUNVOTONOT] Kol OVOPOYOVAOV GTOVS AVOPES
00nyel oV dlatapay| TG IGOPPOTING GTNV OGTIKY AVAOOUN G|, LE aOENCT TG ATOoPPOPNONG
o€ oyéon pe tov oynuatiopod. [apatnpeitar ypriyopn amoddUnon twv 06TdV Tov cuvOvdleTan
He KotaoTpo@n ™G opyrtektovikng tovg (Turner 2002). Yzmevbuvol micow amnd avty v
dwTapayn eaivetar vo Bpioketal 1 avEnuévn 0pacn TV 0GTEOKANGTMV, 1 OTolo 00NYEl GE
andAelo. 06TIKNG Halog kot oty epedvion ooteonopmwong (Riggs et al. 1982). ITépa amd v
nAwio, dALol mapdyovteg mov emmpedlovv TNV €kONA®OT TS VOGOL &givol OPIGUEVECS
acOévelec, vopkoTikd kot petofolkéc avoporieg (Turner 2002). tovg avOpdmovg tng
Tpitng Nhkiag, eppaviCeton ToAd cuyva Eldenym g Prrapivng D mov cuvoéetan pe petmpévn
amoppdéenon acPectiov, n onoio 0dnyel 6e ammAel 00Tk HAlaG Kot avEnpévo Kivouvo
katoypdatov (Parfitt et al. 1982).

2opeova pe 1o EBvikd Topvpa Octeondpwong kot Noonudtov tov Octdv tov Hvouévov
[ToMtewwv (The National Osteoporosis Foundation of the United States) pmopel vo unv
yvopilovpe 0Tt T 06TA paG £XO0VV YIVEL OGTEOTOPMOTIKE LEYPL TOL o EOPVIKN TTOOT| LOG
oomynoetr oe kataypo. H ooteomdpwon pmopel vo eivor domadng 1 devtepomadne. H
wonadne esppaviCetar oe oyetikd veapéc yovvaikeg ota mpoto 15 ypoévie petd TNV
epunvomavon. IpooBdiiel 0 omoyydOeg 06TO KOl KUPIWG TO GTOVOLAIKA GMOUATO KOl TO
TEPLPEPELNKO GKPO NG KePKIdAG. Amotédecpa glval To GTOVOLAIKE KATAYULOTO TNG KEPKIONG
(xataypato Colles). Amd to omovOLMKO KOTAYLOTO TPOKOAEiTOL €viovn paylodyio Kot
TPOOJEVTIKY] OMAOAENL OVACTHUOTOS TOL GLVOOEVETOL Oomd KOQ®on. To omovovAkd
KOTAYLOTO TPOKOAODV  OVOTNPIKES KOTACTAGES Kot oOvcoAsttovpyio. H  degvtepomadrig
00TEOTOPMGOT TPOKOAAEITOL OTOV KATO10G ad TOLG TOPEYOVTEG KIVdUVOL &lvar Kvupiapyog Kot
QOKAEIOTIKOG OYeOOV  Tapdywv TPOKANONG 1TNG 00TEOmOp®ons. Mmopel, Aowmdv, va
pokAnOel devtepoyevig ootemdpmon amd €E®yevry YOPNYNON KOPTIKOGTEPOEW DV, OTO
vrepmapobupeosdcnd 1 1o&kn Opdon e emyevidg yopnyovpevng Bvpo&ivng, amod
GUOTNUOTIKY] aKwvnTomoinom, amd mpwtoradr aunvoppola, omd yoyoyevny avopeéia, omod
St tomov I ko amd aAkooMopd. Xty 001e0mOp®oT THTOV [ 0 unyavicpdc mov odnyet
OTNV OCTIKN am®AEw gival 1 EAAetyn ototpoyovav. H éddenyn owotpoydvev avédvel v
TOTKY TOPOY®YN KLTTOPOKVAV O6mwg eivon m IL-1, IL-6 kar o TNF mov oeyeipovv v

ékppaon tov RANKL, peiwver v ékppaon g OPG endyovtog tnv 06TIKN anoppO@enon.
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1.8.2 Ogpancvtiki) Mpocéyyion katd g Octeondépwong

1.8.2.1 Octeo-kataforka Pappoka

O mpotapykds otdyog oty Bepaneio Tov acbevdv pe ooteomdpmwon eival vo peiwbel o
Kivouvog véov kataypdtov. H ypion copuminpopdtov acfectiov kot Brrapivng D otovg
NAMKIOPEVOVS pewmveL Tov kivouvo kataypdtov (Bischoff-Ferrari et al. 2005). And v diAn
UEPLA, PAPLOKO TTOL TEPLEXOVY O10TPOYOVA 1 GAAOVS avafoMKoVS ToPAyovTeG Kol £YOVV
oTOYO TNV EVOLVAUMGCT TOV 0GTAOV PaAiveTOL VO eivan TOAAE vTooyOUEVA Yo TNV Bepameio TG
00TEOTOPMOTNG o€ Yuvaike kot dvopeg (Delmas 2002).

Ta dpwoeovikad eivol pio katnyopios PN-opUOVIK®OV GopUaK®V Tov Bonbodv oty adénon
G TLKVOTNTOG TV O0TAOV KOl YPNCIHOTO0LVTIOL €upuTote Yoo TV Oepameion g
00TEOMOPMONG Kol GAA®V 00OEVEIDV OV GYETILOVTOL [LE TNV OGTEOKANGTIKY] OpacTnPLOTNTO,
(Watts et al. 1990; Liberman et al. 1995; Reginster et al. 2000). Ta dpwo@ovikd dlato
TaPoLSLALovy UEYAAN YNUIKN OHOOTNTO HE TOVS KPLGTAAAOLG acPectiov Kol €xovv TNV
KOVOTNTO. VO oLVOEOVTOL UE TO OvOpyovo TUAUO TV ootdv. Eivor yvootd ot ta
OLPOCEOVIKA dAaTo €TOPOVV HE TOV VOPOELTATITN, TNV OOWUKY] HOVAOX TV 0CTOV,
eumodiCovtag v kabilnon ewceopuod acPeotiov, KaBLGTEPOVV TOV UETACYNUOTIGUO TOV
dpopeov vopolumartitn 6 KPLOTUAAKO, Ko EUTOdIfOVV TN CLCCOUATOON Kot TN SIIAVGN
TV kpuotdAlov acPeotiov (Russell et al. 1970). Adym ¢ peyding opotdTTac TOVg LE TO
aGPRECTIO, TO SUPOCPOVIKA PAPLOKO. LETAPEPOVTOL LLE TOYVLTNTO LECH TNG KVKAOQOPING TOL
a{lloTOg KOl GLOCMOPEVOVTOL GTIG EMPAVEIEG OOV TPUYUOTOTOEITOL OGTIKY 0OVOdOUNOT)|
(Masarachia et al. 1996).

H yopfynomn tov s19poc@ovik®v aAdtov yivetonr evOoPAEPLOL 1] CTOHOTIKAOG Kot dtokpivovTol
o€ 0VO opades: To un almtovya Kot Ta alwTovya SPwseovikd. Ola To SIGPOCEOVIKE Aot
QEPOVY QDO  PMOOPOVIKEG ouddeg evouéveg oe kevipikd GvBpaxa (P-C-P doun) mov
TPocouotdlovy T SoUN TOV TLPOPOSPOPIKOD 0EEme Kot 2 TAsvpikég alvoideg (Ry kot Ry).
Ta un alwtovyo Spmcovikd Exovv pio amAn TAevpiK| aAvcida 6mov petaforilovtol o€ pn
VOPOAVTA AVAAOYA TNG TPLPWSPOPIKNG adevosivig (ATP) mpokodldviag TV andnT®oN TV
ooteokhaot®v (Frith et al. 2001). "Eva oAy emitoynpévo Silomc@oviKo TG KaTnyopiog anTng
amoTeAEL M ETIOPOVATY TOL KLKAOQOpPEL pe To gumopikd dvopo Didronel® vy v Oepameio
¢ ooteondpmwong (Watts et al. 1990; Francis & Valent 2007).

Ta alotovya dStwwcoeovikd eépovv pia mAevpikny ailvoida Ry wg vdpo&viio kan pio dedtepn
mevpikn alvcidoa Ry n omoia givon gite éva alwtovyo poplo evopévo pe pion avOpokikn
aAvoido  (alendronate, pamidronate) M évog etepokvkAikog daxtOAlog (risedronate o

zoledronate). Ta alwtovya SoPwoEOVIKG mapsumodiCovv v dpdon Tov eviOUOL TNG
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ovvhaong tov poceopikov eapcsevoiov (FPPS) mov cvppetéyel oty mpevoMoon kot tnv
VIOKVTTOPIKY yopobétnon tov tpetevadv (Luckman et al. 1998; Fisher et al. 1999), énwg Tt1g
pikpég GTPases ot omoieg pvOuilovv kpiciueg depyacieg yoo TNV AETOLPYIKOTNTO TOV
ooteokhaot®v (ltzstein et al. 2011). Amotéleopa OLTAG TNG TAPEUTOOIGTIKNG dPACNG TMV
alOTOVYOV OPOCPOVIKOV GLOYETICETOL HE TNV KOVOTNTO TOPEUTOOIONG TNG OOCTIKNG
amoppoenong in vivo. Ta mo Jpactikd SPMOPOVIKA Tng Kotnyopiag ovthg eivor M
arevopovarn (Fosamax®) kot n {oAievopovdrn (Aclasta®) mov PeAtiddvouv onUavTIKE TNV
KAvikn ewcovo tov acbevn (Black et al. 2000; Rékel et al. 2011; Black et al. 2012). Qotdco,
TOPETAREVT] YPNOT TOV SIPOCPOVIKMOV UTOPEL VO TPOKAAECEL OTOOVVAUW®GCT TOV 0CTMOV LE
coPapég mopevéPYEEG OTMG KAPKIVO TOV O1GOQAYOVL KOl OGTEOVEKPMOT TNG KAT® Yvdbdov
(Whitaker et al. 2012).

H xoAotrtovivny (Calcitonin) givat pio guoikn oppovn Tov TOPAYETOL KOl EKKPIVETOL amd To
Bupoedn] C-kdtrapa kot puBuiler to enimedo acPectiov ce TEPLOGOVE PLGLOAOYIKOD GTPES
onmg xatd v gykvpoovvn kot v yorovyio (Kirk & Hepfinger 2005). H xaActtovivn dpa
Gueoa emnpedlovtag v evepydmta TV ooteokhaot®v (Chambers & Magnus 1982) kot
éxel eykpBel n kukAoopia Tov Yo TV Bepameio TG 00TEOMOP®ONG OUMOS deV gival TOGO
dpaotikd oe cOykplon pe o dpmopovika drato (Downs et al. 2000). Qotdoo, vedtepa
ogdopéva Béhovv va ocvoyetilovv v ypnion ™G KoActtovivng pe avénuévo kivouvo
EUOAVIONG KOPKIVOV, OTOTE £YIVOV GUOTAGELS YO TNV U1 CLVTIOYOYPAPNCT TOV POPUAKOVL
£VOVTL TNG 0GTEOTOPWGTG.

Mo tov Adyo awtd yiveton mpoomdbelo avTiKaTtdoTaong TOVG Ue dPAcTIKE Gappaka mTov Oa
EMTPEMOVY TNV paKpoypovia ypnon. Ta tedevtaia xpovia N €pguva Yo TNV avATTLEN VEOV
QOPUAKOV KATO TNG OCTEOMOPMONG EMKEVIPMOVETOL GTNV TOPEUTOOIOT TNG TPMOTEIVIG
RANKL mov guBbvetar yio v vrepPorikn dpdorn towv octeokrlaotav. [lowkileg Epevveg og
HOVTEAN TOVTIKIOV, OpOVPOiOV Kot TONKOV, VLTOOEKVOOLY MG 1 YPNON TOL (PLGIKOV
avactoréa OPG (Ominsky et al. 2007) kot avticopdtov katd g RANKL (Ominsky et al.
2011), pewdvel ta eminedo TG TPOTEIVNG Kot owéavel TV 06Tk mTukvotta £og kot 300%
ouyKkprtika pe to {oa yopic Oepancio. o va amodeydel n Bewpio Tog n mopeunddion g
npoteivng RANKL pmopet va éxer khvikn ypnowodmra oty Oepaneio TG 06tE0TOpM®ONG,
xopnynOnke o puokdg avactoréng OPG oe yuvaikes PHETA TNV EUUNVOTOVOT|. XTIC YUVOIKES
avtég, 060nke pio d66omn OPG oe dudgpopeg ocvykevipmoelg (0, 0.1, 0.3, 1, 3mg/kg) kot
aSloroynon ¢ OBepameiog €ywve pe tov ociktn NTX mov elvor €01kOG yoo v 00TIKN
amoppoenon kot tov BSAP v v ootikn avadounon. Méoca oe 12 dpeg, moapatnprdnke
peiwon tov deiktn NTX 1 omoia t1g endpeveg 5 pépeg €ptace oto 70 g 80%, evd 1 Tiun

Tov Ogiktn eméotpeye oty apylky péco oe Alyec €fdoudoes. Meimworn tov dgiktn BSAP
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mapatnpiOnke povo otnv vynAdTepPn d001, 1 omoia emNAOe e TOAD apyd pvOud (60 pépeg
LETA TNV YOPYYNOT| TOL OVUGTOAEN). AVTA TA OEOOUEVA OTTOSEIKVHOLY MG 1| TOPEUTOOIOT TNG
npoteivng RANKL éyet khvikn a&la oty Oepomeion TG 06180mOp®ONG, OU®MG 0 PLGIKOG
avaoToréag dev Ba pmopovace va, ypnoiporoindei Adyo mbavic avocoyovikdmrog (Bekker et
al. 2001b) aA)d kat Tov yeyovotog Ot 0 OPG mpocdivetar kot oe éva GAlo pédog tng TNF
vrepotkoyévelac, 1o TRAIL (Emery et al. 1998).

To Denosumab 1| aAdg AMG-162 givar éva avBpodmivo povokhovikd avticopo (mAb) to
omoio deopeveton pe peyddn egewdikevon oty tpwteivn RANKL. To avticopa avactédiet
10 RANKL/RANK povomdtt petaymyng onuatoc mov eivarl vrevbovo yuo tnv evepyomoinon,
Aertovpyia kou emPimon tov ooteokhootdv (Bekker et al. 2004). H dpdon tov Denosumab
Qaivetal vo €xel eEUPETIKE OMOTEAEGUOTA GE YOVOUKEG TOV EUPAVIOAYV OGTEOTOPMOT UETA
TNV EUUNVOTOVGY], GE TPAVUATO TOV TPOKOAOLVTOL OO TNV pevuatostdn apbpitida 1
petdotaon kapkivov (McClung et al. 2006). To avticopo ovartoyONKe ¥PNCILOTOIOVTAS
teyvoloyia dtayovidlak®mv movtik®v XenoMouse. Agopebovtog tov mpocdétn RANKL mwote
Vo omoTOYEL M oVvvdESN Tov pe Tov vmodoyéa RANK, 1o denosumab dpa pe moAd vymin
akpifelo oTNV AVOGTOAN TNG OGTIKNAG amoppoOPpnong 0nmg anédel&av Kot in Vitro kot in vivo
nepaparta. [Ipoxhvikég peréteg mov €ywvav oe mONKovg £de1Eav TG VOOPAEPLa Yoprynon
0,1 ko 10 mg/kg denosumab peiwcav tig Tywég tov N-telopeptide (NTx), dsiktn v v
amodOUN O TOL KOAAXYOVOL GTa 00Td, Katd 81% ko 94%, avtictorya. Ymoddpia yoprynon
Img/kg peiwoe tov deiktn NTx katd 93% (Bekker et al. 2004). To 2004 o Bekker kot ot
cuvepydteg Tov SeEnyayov pio pEAETN Yo TNV EKTIUNON TG OOQOAEWG KOl NG
AVEKTIKOTNTOS VYEWMV YOVOUKAV HETE TNV eppnvonovon oto Denosumab. Xvvolwkd 49
yovaikeg EAafav PEPOg otn HeAETN, oTIC omoieg 00Onke pio doon amd to avticopa (0,01-
3.0mg/kg) M ewovikd QApUaKO [e VTOOOPLO EVEST) TNV KOWAMAKN YOpa. [ Tov endpevoug 6
€ng 9 punveg v Tic VYNAEG 00GEIS, EAEYYOVTOV Ol OEIKTEG AVAOOUNONG TOV OGTMV OTIC
yovaikeg kaBd¢ kot mbavég moapevépyeles. Ta amotedéopata €6y mwg n dpdon tov
denosumab g&aptdtor amd ™ d6cM ToL Yopnyeital, pe ™ péyo peiwon tov deiktn NTx va
nmapatnpeital otig 000 Pooudoeg o d6oelg <0,1mg/kg, éva unva yio 1mg/kg d6om kot Tpelg
unveg vio 3mg/kg d6omn. H dpdon tov aviio®UaTog €ivol OVTICTPENTN HE TOV OEIKTN VA
EMOTPEPEL GTO. TPONYOVUEVA EMimedd o€ OVO pe evvén PNAVES, avOiiloya pe tnv O6om.
Emumiéov, xataypdoovtag v cuykévipoon tov denosumab 6to aipo TV GUUUETEXOVTOV,
avaAVONKE 1 KIVNTIKOTNTO TOV OVTICOUOTOG 1) OTTOi0L OEV TOPOVGINCE YPOULKOTNTO GE GYEOT)
ue t 06on (Bekker et al. 2004).

Ta amoteléopata avtd empPepfaivcav o to denosumab Oa propovce va ypnoiponomel pe

acpdrel oty Bepaneio acbeveidv mov oyetiCovior pe v ondAsw ootikng palog. Tov
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Iovvio tov 2010 n Yanpeoia Tpoeipwv kot Qapudkov tov HITA (United States Food and
Drug Administration — FDA) ka1 g Evpodnng (European Medicines Agency in Europe,
EMA) gvékpive Tnv ypnom tov avticopatog denosumab yuo tnv Ogpomeia TG 00TE0TOP®ONG
0€ EUUNVOTOVGLOKES YOVOIKES KOl GE TEPUTTOOELS AMMAELNG OCGTIKNG HALag AdY® apaipeong
oppovev og aocbeveig pe kapkivo tov mpootdn. To avticopo KuKAOEOPNGE OC EUTOPIKO
npoiov pe v ovouaocio Prolia (Perrone M 2010) kot kvkAoopei otnv EAAGSa and to

KaAokaipt Tov 2010, evd Tpocpata eykpifnie 1 ypnon tov kot oty lanwvia.

1.8.2.2 Ooteo-avafoiikd Pappoaka

H napabvpocidng oppovn (Parathyroid hormone-1-84; PTH) nailer onpavtikd polo otnv
opotoctacio Tov acPectiov 6ToV OpyavIGHd Kot dtatnpet Ta enineda tov otabepd oe €va
QLGLOAOYIKO €DPOG, OPOV JEYEIPOVTOS TOVG OGTEOKAAGTEG TPOKOUAEL OGTIKY) AMOPPOPN O™ Kot
anelevBépwon acPeotiov (Fitzpatrick & Bilezikian 2006). Molovott ¢aivetoar 611  PTH
éxel katafolkn dpdon eviovtolg eaivetar OTL £xel Kol avaPoAlK| €mIOPACT GTNV OCTIKN
Tapaymyn otav yopnyeitar evdidpeoa og yopniéc d6oeig (Reeve et al. 1980). H tepumopartion
(Teriparatide) givar éva avdAioyo tg avBpmmivig mapadvposidovg oppovng (1-34 amino acid
peptide) mov gunopikd Kukrogopel pe To 6vopa Forteo® kot yopnyeitan yio v Bepaneio tng
00GTEOMOPWONG GE MEPWTTMOELS UE aVENUEVO pioko epedviong kotaypotos. H tepuration
yopnyeitar vwodoplo (20pug/Mmuépa) eivar 1010{TEPO OMOTEAECUATIKY] OTOV GLVOLALETOL e
KATO10 GAAO OVTI-0GTEOTOPWOTIKO PAPUOKO OTMG TNV OAEVOPOVATY BEATIOVOVTOG TNV OGTIKN
TUKVOTNTO TOV GTOVOOA®MV Kol T®V KAT® OKPOV GE TMEPMTMOGCELS UETEUUTVOTOVGLOKNG
00GTEOMOPMONG KOl YAVKOKOPTIKOEW0VG emaymduevns ooteomopoons (Saag et al. 2007,
Finkelstein et al. 2009; Yamamoto et al. 2013).

‘Eva axéun ooteo-avafoikd appoko yio tnv Bepaneio Tng 06TE0TOPOONG EIVOL TO POVEAMKO
otpdvtio (Strontium ranelate). To 16vio Tov paAvELKOD OTPOVIIOL E€YOLV THV TAGH VO
vtoKaOeTOoOV T 16VTa. 0cPectiov amd tov 0oTitn 16Td YWPIg va emnpedlel v dadkocio
emuetdAlmong tov oatitn otov (Boivin et al. 1996). To paveiikd otpdvTio KuKAOPOpEL L
T0 gumopPIKO Ovoua Protelose kot BeATiddvel TV 0GTIKH TUKVOTNTO T®V GITOVOOAMY KOl TOL
woyiov pewwvovrog v mbavotnto tpokinong kataypdatov (Meunier et al. 2002; Meunier et
al. 2004; Reginster et al. 2005). H npoctatevtikn dpdor Tov QapudKon eivol amoTéAEGLO THG
avénong g avafolikng dpdong TV 0oTeEOPAOCTOV KOl TG TAVTOYPOVNG UeidONG NG
gvepyotntog towv ooteokiaotav (Bonnelye et al. 2008). O poplokdg unyavicpog dpdong tov
POVEAKOD oTPOVTIIOL Oev eivar amoOivta EekdBapog, wotdGo @aivetar OtL emmpedlel Tov

vrodoyéa CaSR mov pvOuiler ta emimeda tov acPeotiov otov e&mrvttaplo yopo (Hurtel-
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Lemaire et al. 2009; Fromigu et al. 2009). H Ynnpeoia Tpoopinwv kar @apudkev tov HITA
(United States Food and Drug Administration — FDA) wotdco dev gykpivel v kKukhogopia,
TOV POVEMKOD GTPOVTIOL HETA OO OVOPOPES Y10 SIAPOPES TUPEVEPYELEG TOV POPLAKOV OTIMG
eCavOnuata oto déppo kot eAefikn Opoupwon (Rizzoli & Reginster 2011). Mdvo n
Evporokn Yanpeoio enttpénet v mepLopiocpév ¥p1or 1oL oapUdKov o€ acbeveic mov €xet
amotOyEL 1) Oepameia pLe S1PMOPOVIKE LLE GKOTO TNV OTOTPOTT) OGTEOTOPWOTIKMV KATAYUATMV.

H epappoyn g Oepameiog oprOVIKNAG OVTIKOTAGTOONG HE O1GTPOYOVA Yo LEYAAO XPOVIKO
SloTnuo. EvavTl TNG O0CTEOMOPWONG &lye ooV AmOTEAECUO TNV TPOKANGT cofapmdv
TOPEVEPYELDV OMG OVOAEITOVPYIES TOV KOPILUYYEIOKOV GUGTHIATOS Kol EUPAVIOT) KapKivo
TOV pootov kot g untpos. ‘Etol, mAéov €xel eykataAngBei m Ogpameion oppovikig
OVTIKOTACTOONG LE O1GTPOYOVE KO £YEL EGTINOTEL 1 €pevva 6TV avaTTLEN Kot a&loddynon
ExAektikov PuBuiotdv tov Owtpoyovikev Yrodoyéwv (SERM). To raloxifene (Evista®)
amoTeLel £vOL TETLYMNUEVO TTAPASELYLN EKAEKTIKOD PLOUGT] TOV OIGTPOYOVIKOV VTOS0YEMV
mov €xel eykpldel  KukAoeopia TOL Yo TNV TPOANYN KOTA TNG OGTEOTOPWOOTG OTIS YUVOIKES
10 1997. To raloxifene yopnysitoan otopotikdg (60 mg) kot eivar e€icov amotelecuatikd OTMG
n aievopovarn. Tapokdtw divetar oynuatikd (Ew. 1.22) n ypovikn mopeio avamtuéng Kot
KUKAOQOPIOG TOV QUPUAKEVTIKOV OVGLDV Y10l TNV OVTIUETAOTIOT TNG 0GTEOTOPWONS Amd TO

1986 peypt ko onpepa.
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Ewova 1.22. Zynpatiky] oxetkoévicn TOV Koplov 6Tafpdv otnv £YKpPien KuKLoQopiog vEMV QupriKk®mv

KOTd TNG 06TEOTOPpMONG 06 To 1986 péypL ofjpuepa

1.8.3 Néor Ogpamevtikoi Xtoyol katd tns Ooteomopmong

H mpoodog mov £€yer emrevybel 1o tehevtoion ypoOvie GTNV KOTOVONGN TGOV HOPLOUK®DOV
UNYOVICU®V oL SETOVV Kot puOpilovy TNV 0CTIKY OVOKATOOKELT, £XEL ODGEL VEL OO
OTNV OVATTLEN VEOV QOPUAKEVTIKMV TPOGEYYIoEMV Pe 6KOTO TNV TPOANYN Kot Bepameio TG

ooteondpwone. Ta véa @dppoka mov avamtHocoviol SoKpPivoviol € OVO KT yopieg
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avéloya pe Vv avafolkn 1 KataBoAlky] Tovg dpdon otov 0oTiko petafoiopd. H mpdn
Katnyopia mepAapuPavel ovaoTtoAels mov Kuplwg mapeumodilovy TV evepyoTnTa TOV
o0oteokAaoT®V. Metalh avtmv, n kabeyivn K ekppdletol amokAeloTikd 6TOVG 0GTEOKAAGTES
Kot €Vl AVGOCMUIKY] TPOTEAGT TOV GUUUETEXEL EVEPYH GTNV ATOIOUNGT TOL KOAANYOVOL
tomov I ko I xatd v diepyacio g 0oTiKNG amoppoenons. MetaAraelg g kabeyivng K
€yovv evtomiotel oe acbevelg pe mukvodvocootmon (pycnodysostosis), o acBéveln mov
yopokpileTon amd pn AEITOLPYIKOVS OCTEOKAACTEG EVM KOl OE TEPAUATIKE LOVTEAD TTOV
éxel adpavomombel to yovidlo g kobeyivng K eppaviletor €viovog 0GTEOMETPMOTIKOG
eawvotvmog. ‘Etor, 1 xaBeyivny K amotelel évav dvvnrikd onuovtikd Oepomevtikd otdyo
évavtt g ooteondpwong. [loAvdplBua pikpd popla avactoreic g xabeyivng K €xovv
avamtuyfel pnéyxpt onuepa, TOALA amd to. omoio OPMS Exovv eykaToAn@Oel Aoywm petwpévng
EKAEKTIKOTNTOG Kot epgdviong mopevepyeiwv. To Odanacatib (MK-0822, Merck) eivar éva
€0KO KkpO popro avactoréag g Kabeyivng K pe apketd Betwcd omoteréopota. To
Odanacatib @épetor OPKETO AMOTEAEGUATIKO TPOKOAMVTOG OVENCT] TNG TLKVOTNTOS TMV
00TOV € Nuepnoteg d0oelg Twv S0mg, evd mapovstalet xpovo nuLong Tave ornd 93 mdpes.
Emummiéov 1o Odanacatib peidvel onuoviikd tov puobud 00TIKAG amoppoéENoNg Vo
Tavutdypova datnpel otabepd v ooTikn mopaymyn. Xuepa to Odanacatib Bpicketor otnyv
Tpitn @don TOvV KMVIKOV JoKIU®V o€ yuvaikeg pe ooteomdpwon (NCT00529373 ko
NCT00729183). Xmv 01ebv] PipAoypaeia vadpyovv ovoeopés yuoo Tpioe akopa poplo
avootoleis ¢ kabeyivng K mov givor vad avamntoén ko a&lordoynon. To ONO-5334 (Ono
Pharmaceutical) Bpicketar oy debtepn @don tov kKAvikov dokipmv, to Relacatib (SB-
462795) mov avarntvocetar amd v etoupeio GlaxoSK, evd 1o MIV-711 mov avantbooetat
and v eoppokevtiky etaupeioo Medivir AB (Switzerland) Bpioketan oto otédio I (ITiv.1.1V).
v Komnyopi. T®V OGTEO-KATOGTUATIKOV UEAAOVTIKOV QOPUAK®OV €KTOC Omd TOLG
avaotoieig g Kabeyivng K vrdpyet ko pia avoaeopd yuo évav véo avactoréa tov RANKL
OV TAPOVOLAGTNKE Yo, TPMTN Qopd to 2011 and v etapeion Ablynx. O véog avtodg
avooToréag €xel To Kootko ovopa ALX-0141, givar éva vavoavticopa (nanobody) to omoio

avactéAiel Told anotelespatikd tov RANKL eva Bpioketar og pdon a&oddynong (Schoen
et al. 2013).
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ala Category Target Type Name Manuf/rer C.:.L?;T:'
Anti-RANKL Anti-RANKL
1 | Antiresorptive Drug Nanobody ALX-0141 Ablynx Phase |
Cathepsin K Small Odanacatib(MK-
2 | Antiresorptive Inhibitor Compound 0822) Merck Phase IlI
Cathepsin K Small
3 | Antiresorptive Inhibitor Compound Balicatib(AAE581) Novartis Phase Il
Cathepsin K Small Relacatib(SB-
4 | Antiresorptive Inhibitor Compound 462795) GlaxoSK Phase |
Cathepsin K Small Ono
5 | Antiresorptive Inhibitor Compound ONO-5334 Pharrma/cals Phase Il
Anti-Sclerostin Humanized
6 | Osteoanabolic Drug Monaoclonal Ab AMG785 Amgen Phase |
Anti-Sclerostin Humanized
7 | Osteoanabolic Drug Monoclonal Ab AMG167 Amgen Phase |
Anti-Dickkopf-1 Fully
8 | Osteoanabolic Drug Humanized Ab BMQ-880 Novartis Phase Il
Small Saracatinib
9 | Antiresorptive Src Inhibitor Compound (AZD0530) AstraZeneca Phase Il
10 | Osteoanabolic | CaSR antagonist JTT-305/MK-5442 Merck Phase Il

Mivaxkag 1.1V. Xvvontikog wivakag 7ov wePLApPAveEL VEOUS QUPUOKEVTIKOVS OTOYOVS KOTAH TNG

06TEOTOPMGTG TOV BPioCKOVTOL GE GTAOL0 AVATTVENG KO KAIVIKAOV SOKILAV.

2V KaTNyopia TV 00TE0-AVAPOAIKOV TO TEPIGGOTEPO VEX QAPLOKO TOV AVATTOGGOVTOL
6TOXEVOLV GTNV EVEPYOTOINGCT TOL oNUOTOd0TIKOV povoratioy Wnt. H evepyomoinon tov
Wnt povoratiov endyel v d0poponoincn TV 06TeoPAcTOV HEGH TG P-Katevivng mov
LETOPEPETOL GTOV TUPNVO EVEPYOTOUDVTOS TOVS KATOAANAOLG HETOYPOPIKOVS TTAPAYOVTEG.
‘Eto1, 10 onuotodotikd povomdtt Wnt/B-catenin mpoc@épetal Yoo TOV GYEOACUO VEQOV
QOPUOKEVTIKOV GTOY®V OTOL EVEPYOMOINGN TOL €Yl GOV OMOTEAEGHO TNV avénomn Tov
aptBpov TV 00TEOPAAGTAOV KOl TNG OCTIKNG Tapaymyns. H avakdivym tov Bepamevtikmdv
otoywv tov DKK-1, GSK-3b ka1 ¢ okAnpootivng (sclerostin) apaypotomromdnke pésao and
TNV UEAETN TEPAUATIKOV LOVTEA®V GTO. OToie £iye YIVEL OMEVEPYOTOINGT TOV TOPATAVE®
yovidiov. H oxinpootivn elvar pio mpmteiv mov mopdyetal omoKAEISTIKO omd  To
0GTEOKVTTOPO KOl LETAPEPETOL GTOVG 00TEOPAAGTEG TapeUTodilovTag TNV EvePYomoincn Tov
ONUATOOO0TIKOV HovomaTiod Wnt HEGH OVTAY®VIGTIKNG TPOGOEcN S 6TOVG VITodoyeic LRPS kot
LRP6 (Ew.1.23).

[Mpoxhvikég peréteg oe apovpaiovg Kot mONKoVG €31V OTL  AVAGTOAN TNG OpAcGNS NG
oKANpootivg mpokaAel ONUAVTIKY] 0DENCT] NG OCTIKNG TOPAY®YNG YOPlG Tavtdypovn
avénomn ™G 0oTIKNG amoppdenons. Xe edon I Khvikng peléng Ppioketan Eva LovoKA®VIKO
avticopo &vavtt e avBpomivng okAnpootivng (AMG 785, Amgen) to omoio dokipaleton
o€ VY1elg acOeveig Yo Stdotnua 85 nuepdv. Agv Tapovctdlel KATOEG EMTAOKES Kot GpaiveTan
ot Tpokaiel avénon g ooTikng Lalog Kot TuKvOTNTaG TOG0 GTOVG GTOVOVAOLS OGO Kot GTa.
KAT® GKpa e TOLTOXPOVY] HEI®ON NG OCTIKNG amoppdenong petpwvtag tov deiktn CTx.

[TopdAAnAo avamtOGoETOL Vo OKOUO LOVOKAMVIKO OVTICOUO VavTl TG OKANPOGTivig TO
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AMG 167 to omoio Bpioketar otV TPOTN PACT KAWVIKOV SOKIU®V Yoo TV Bgpameion g
ooteomeviag (NCT01101048).

To DKK-1 (dickkopf-1) eivor akdpa €vag moAAG VITOGYOUEVOS QAPUAKEVTIKOS 6TOY0C. To
DKK-1 &ivat éva pdplo mov aAiniemidopd pe tov vrodoyéa LRPS/6 kot tov vrodoyéa Kremen
(vmodoyéag tov DKK-1) oynuatiCovtog éva Tpluepés GOUTAOKO 7OV OVOCTEAAEL TOVG
vrodoyeic LRP5/6 pe mapepmdoion tov onuatodotikod Wnt povomotiov. ‘Etot, n avantuén
vémv avaotorémv tov DKK-1 amotedel iaitepa peydin tpodxinon kabaog Bewpnrikd pmopet
VO TPOKOAEGEL EVEPYOTOINGT] TOL GNUOTOSOTIKOD povomatioh Wnt Kot gvepyomoinon twv
00Te0PAACTOV. Ogpameios TOVIIKOV LE TOAAATAY HVEMTION YOPNYDOVTAS £VO. LOVOKAMVIKO
anti-DKK-1 avticopa &d€i&e onuavtiky avénon tov apifpod tov ooteofractdv, HE
UEIOUEVO aplOd OCGTEOKANGTMOV Kol UEIMON TOL HLEADUATOG. ZE OTAOI0 OVATTLENG Kot
dokudv Ppioketon Eva véo povokAwvikd avtioopa évovtt g DKK-1 tov avBpomov (BMQ-
880) oe acBeveig pe moAlomAn poeritioa.

[Mapepumodion tov GSK-3 (glycogen synthase kinase-3b) 6o pmopovoe va amotpéyel tnv
Qeo@opvAimon ¢ P-katevivng, otabepomoioviag TOo  péplo  aveEdptnro amd  TIG
aAMNAETIOPAGELS IOV pmopel va Exetl pe Tovg vtodoyeig LRP5/6. e movtikia mov yopnynOnke
yAoplovyo Aibro, mov givar avactoréos tov GSK-3, giye cav amotéleso avENoN TG 0GTIKNG
Tapoy®yng Kot ootikng palas. EmumAéov, Ogpoameion oe apovpaiovg mov eiyav mpoPel oe
wofnkektoun £ywve yoprynon £vog véouv avacstoréa dmAng opaong, Tov GSK a/b (LY 603281-
31-8), yw ddotnpa 2 unvav. To arnotedéopata £3€1Eav onUAVTIKY avENoTn Tov aplBpov Kot
MG TLUKVOTNTOG TOV GTOYYMOOVG OGTOL TOL GLOYETLOTAV pe avENUEVO pLOUO OGTIKYG
TOPAYWYNG.

Télog, Ta acPBeotiolvtikd (calcilytics), eivar popla aviaymviotég Tov vrodoyea CaR ommg to
JTT-305/ MK-5442 ka1 SB-423557 mov dieyeipovv v mapaywmyn thg mapabdvpopuovng PTH
pe omotélecpo TNV aLENUEV OCTIKY| TOPUY®MYN KOl OTOTPOMN TNG OCTIKNG OMMAELNS OE
apovpaiovg pe wobnkektopr. Qotdc0, ot KAvikég dokipég tov MK-5442 o yuvaikeg e
ooteondpwon otapdtnoay to 2011 yio Adyovg mov dev £xovv avakovmbel peypt onpepa.
AOy® ™C ovveroLg aENOTG TOV TPOGOOKILOL (MNG 1 0GTEOTOPMOT| ATOTEAEL Lo LACTLYO
OV TPOGPAAEL OAO KOl TEPIGGOTEPOVG AVOPADOTOVE. ZVVETMC, 1) EDPECT Kol AELOAOYNON VEDV
OVTI-OGTEOTOPOTIKOV QUPUAK®OV G KATAAANAO TEPAUATIKA LOVTEAN OCTEOMOPMONG GE

TPOKAVIKG eminedo KpiveTol avaykaio.
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Ewova 1.23. Zympotuki] oanewkévien 7Tov Wnat/B-catenin  povomatiod Kol TOV  QOUPUOKEVTIKOV

aapepmodteTdv évavtt tov DKK-1 ko Sclerostin. (Lippuner 2012).

1.8.4 Ilewpopotikd Movtérla Ooteomopmong

H avantuén melpapatikddv HoviéAwv 06Teondpmong amoterel £va Suvoptkd epeuvnTikod Tedio
Kol pExpt onuepa Alyo TEWPOUOTIKA HOVIEAM Ypnoywomoovvior otnv mpdén. To mo
O10dedopéEVO LOVTELD 0GTEOTOPWONG amoTeELEL 1| YPT|oN TEPALATOLOWOV GTA Omoio EMdyovV
00TIKN andielo. pe v pébodo wobnkektouneg (OVX) (Kalu et al. 1989; Bouxsein et al.
2005). Me v wobnkektour mPOKOAEITOL HEI®ON TOV EMIESOV TMOV OLGTPOYOVOV OTO,
Onivkd, pe avénon g ékppaong tov RANKL mov odnyel 6€ onpaviiki 0GTIKY| OTdOAE
(Kalu et al. 1993). H wobnkexktoun epapudletor oe Onivkd nikiag 6-8 epdopddov, pe
EMOYWYN OOCTIKNG OMMAENG T omoio &lval €UEOVIC OTO GMOYY®MOEG 00TO petd oamd 4
gpoopdoes. Qotdco, n ypnon OVX moviikodv mepropiletal povo ota OnAvkd, amortel peydro
YPOVO EQUPLOYNG EVOC BEpOmEVTIKOD TPOTOKOALOV Kol XPELALETOL EEEOIKEVUEVO TTPOCOTIKO
7oV B0 TPAYHOTOTOMGEL TIG EWPOVPYKES EMEUPACELS.

[Ipéocpata, Onpovpyndnkav véo TEPOUATIKE HOVTEAD OCGTEOMOP®ONG OTO  OToid

EMTVUYYAVETOL OOCTIKY] OMOAE G€ TOAD GUVIOHO YPOVIKO  OldoTnuo.

Xopnynon
avacoLvovacéEVNS 1 ekkpltikob Tvtov RANKL npmteivng og dyprov tomov movtikia £xel cov
QMOTEAECO. TNV EMOYMYN] OCTIKNG OMAOAENS HEGOH GE TOAD GUVIOUO YPOVIKO SLUCTNLLOL.
Epapudlovtar 3 dagpopetikég mpooeyyioels yopnynons RANKL. v mpotn mepintwon
yivetar gvdomeprroviakn yopnynon 2mg/Kg GST-RANKL and 24 péypt 50 dpeg o aypiov

TOTOL TOVTIKIA 1 apovPaiovs. Méca 6e AVTO TO YPOVIKO OACTNO TAPUTNPEITAL GNLLOVTIKT
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UEi®ON TOV GTOYYM®O0LE 00TOD Kol pueimon ¢ ootikng mukvotntog (Tomimori et al. 2009)
(Ew. 1.24). To poviého GST-RANKL-gaptdpevne o00TIKNG Oom®AEWG  ep@avilet
TEPLOCOTEPO. TAEOVEKTNUOTO GLYKPITIKG pe 10 povtého ¢ wobnkektopng (OVX) ommg
ONUAVTIKA UIKPOTEPOG YPOVOG EMITELENG OOCTIKNG OAMMAENG, Ogv meplopiletor pévo ota
ONAvkd evd 0 TPOKAVIKOG EAEYYOG VEOV QOPUAK®OV TPUYLUTOTOEITOL GE TOAD GUVTOUO

xpoviko dtaotnua (ITiv. 1.V).

vehicle GST-RANKL

Ewévo 1.24. Movtého GST-RANKL emayodpeviig ootk amdierog. Tpiodidotates anewkovioels pe

LIKPOTOROYPOPic. GTNV TEPIOYN TOL UNPLoiov OMOv SloKPIVETOL 1| OTOAELL TOV OTOYYMOOVS 00To» oto GST-

RANKL graydpevo povtéro (Yasuda 2013).

49



Technique OVX model GST-RANKL bone
loss model
Technique ovX Intraperitoneal injections
Term for establishment > 4wk 24-50h
Term for evaluation of BP > 4wk 3d
Term for evaluation of PTH > 4wk 14d
Term for evaluation of SERM > 4wk 18d
Term for evaluation of No 9d
anti-human RANKL
Term for evaluation of Tec
tyrosine kinase inhibitor
NA 50 h
Evaluation of male animals No Yes
Term for pharmacological Several mon Several wk/d
experiments
Advantages
Human Rapid, easy, simple,
disease model  and inducible model

MMivoxag 1.V. ITivakag oV Tapoveldiovial GUVOTTIKG Td GUYKPLTIKG TAgovekTiipate Tov GST-RANKL

model og oyéon pe ro OVX model (Yasuda 2013).

X debtepn mepintmon, yopnyeitar vmoddpla ekkprrikov tomov RANKL mpwrteivn (o000
Qopég ava muépa) v mepiodo 10 muepdv. 1o HOVTEAD OLTO OTOUTMOVTIOL UEYOADTEPES
nocotnteg  mpoteiviig RANKL vy va  emrtevybel  avénuévn  00teokAOGTOYEVEDT).
[Mopatmpeitor oe KAmolEg TEPWTTOCELS 1 ELEAVIOT LIepacPesTtiopiog o {da VoTEPU ATO
yopnynon RANKL yia peyolvtepo ypoviko daotnuo (Lloyd et al. 2008).

Té\og, ot Tpitn TEPIMTMOT, TPAYLOTOTOLEITOL EVOOTEPITOVIOKT] YOPNYNON EKKPITIKOV TUTOV
RANKL mpoteivng oe popéa adevorov (Ad-sRANKL) ce apoevikd movtikia dyplov tomov. H
avénpévn ékppacn tov  RANKL mpokoadel €viovn ooteomdpwon oto (MO [LE CNUOVTIKY
pelwon Tov 6moyy®dOoVE 00ToV dokipalovtag gite yaunin eite vymAn docoroyio (Ewk.1.25)

(Enomoto et al. 2011).
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Ad-LacZ Ad-sRANKL Ad-LacZ Ad-sRANKL

Low High

Ewova 1.25. Movtého Ad-sSRANKL smoyodpevng ootk omdierog. Tplodldotateg omelkovicelg e
WKPOTOUOYPAPIO. OTNV TTEPIOY TOL UNPlaiov OTov dlokpiveTal N andAslo Tov oroyydhdovg 0otol oto Ad-

SRANKL erayouevo povtého (yapnAin-vynin doomn) (Yasuda 2013).

QGTOC0 M YPNON TOV TOPATAVE HOVIEA®V 0CGTEOTOP®ONG Yo TNV 0EI0AOYNON OVOGTOAEWV
tov avlpomvov RANKL kobictator mpofAnpotiky| Ady® g TEPAPATIKNG ETEPOYEVELNG.
‘Etot yiveton emtaxtikn n avdykn dnpovpyicg evog KOTIAANAOL YEVETIKOD HOVTEALOV TO 0010

Ba diver v dvvatotnTa agloddynong vémv avactorémv Tov RANKL o mpokivikod eminedo.
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1.9 Ztdoyor ™C S1SakTopLkng StatpPrc

Ot 610)01 TNG TOPOVGAG SOAKTOPIKNG dlaTpIPng elvar ot e€ng:

1. Buoynmuikdc xor Aetovpykdg YopOKINPIOUOS TNG MUETOAAXYUEVNC RANKL 78R
TPOTEIVNG (TTOVTIKOV Kol avOpOTOV).

2. Boymuikdc kot AE1tovpykodg yopokInpiopds e avtiotoryng HETAAAaENG o8 GAA
uéAn g vrepowkoyévetag tov TNF (TNF, BAFF).

3. A&widynon g opaong tov pkpov popiov SPD304, mov amoterel avaoToAén TOV
tpyepiopob tov TNF, oty mbavr] aAAnAenidpacn Kot TapeUTOSIGT TOV TPIUEPIGLLOV
tov RANKL.

4. A&ohdynon g Opdong SPD-304 avardymv g ovactoréwv tov RANKL og
AELTOVPYIKEG KLTTOPIKEG OOKIUES OCTEOKANCTOYEVEGNC KO GE KULTTOUPIKEG OOKIUES
To&IKOTNTOG.

5. Anpwovpyion KOl XOPOKTNPIGUOS TOV  OGTEOTOPMTIKOD  doyovidloukoh HOVTEAOL
vrepékepaong tov RANKL pe okomd v a&loddynon véov mhavav avasToAE®Y ToV
RANKL tov avOpdmov 6e TpokAvikO eminmedo.

6. A&woAdynon yvootov avactoréwv tov RANKL, 6moc 10 povokimvikd avticopo

Denosumab évavtt tov RANKL tov avOpdmov.

52



KEDAAAIO 20
YAIKA KAI MEOGOAOI
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KE®PAAAIO 2. YAIKA KAI MEOGOAOI
2.1 XxeS1aopno¢ yoviSiakwv kataokevwv Tov RANKL tov

TOVTIKOV

2.1.1 Xyedwaopoc RANKL yovidwokig kataokevns oto PGEX-6P1

To yovioto RANKL tov movtikod kwduconotel pa dapepppovikr mpoteivn 316 apvo&émv
amd TV omoio mapdyetar M eKKPLTKN NG popen peyébovg 158 apwvo&émv votepa and
npoteolvTiky arokonn (Ew. 2.1).

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFP
NLPYYIDGDVKLTQSMAIIRYIADKHNMLGGCPKERAEISMLEGAVLDIRYGVS
RIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDALD
VVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGG
DHPPKSDLEVLFQGPLGSPEFPGRLEMKPEAQPFAHLTINAASIPSGSHKVTLS
SWYHDRGWAKISNMTLSNGKLRVNQDGFYYLYANICFRHHETSGSVPTDYLQ
LMVYVVKTSIKIPSSHNLMKGGSTKNWSGNSEFHFYSINVGGFFKLRAGEEISI
QVSNPSLLDPDQDATYFGAFKVQDID

Ewova 2.1. Zynpotikn aneikévien g apvolikig akorovBiog Tov GST mouse RANKL (399aa-45kDa).
Me mpdowo emonpaivetar ) apvoéiky akoiovdio tov ekkprricov MURANKL (160aa). Me yipt emonpaivetot
N apwo&n axkolovbio TUMHOTOG TOV TAACUSIOV HETA TNV amOKOT| pHe TV TpmTedon Presscission pnkovg
13aa—> omdte cvvolikd 173aa (19,2kDa).

Me PCR kot og pitpa CDNA and kdttapa ooteoflactdv amo movtikio dyptov Tumov £yve
vrokAwvonoinomn g ekkprrikng RANKL tov movtikov. Ot exkivntég mov ypnoionomdnkoy
eépovv Béoelc avayvoplong tov mepoplotikdv evibuov Xhol kor Xbal oavtictorya.
AxorovBwg 6to PCR tpotdv £yve kabapiopdg omd 1o mNKTOUHo ayopolng Kot oTnyv GuVEXELD
néyn pe to évlvpa mepopiopod Xhol ko Xbal. . To mlaopidio pGEX-6P1 xomnke
avtiotoyyo pe to Evlopo Xhol kot Notl eved to dxpo g Notl pe v dpdon ¢ Klenow
tpomomoOnke oe 'TVPAG" Akpo £Tol daTe vo VTAPEEL cupPatdTnTa e Ta avtioTol o dKpa
tov evBépatog mov @éper v RANKL. Metd v Atyomoinon to teMkO MAAGUIO0 OV

TPOKLTTEL POiVETOL GTNV €KOVOL 2.4,

Exxintig Akoiov0ia
RANKLSOL.158.Xho-F 5-TCACTCGAGATGAAGCCTGAGGCCCAGCC-3'
RANKL3XbaTGA-R 5-TCCTCTAGATCAGTCTATGTCCTGAAC-3'
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http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,1
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,69
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,81
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,94
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,129
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,132
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,154
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,165
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,168
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,240
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,281
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,321
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,338

ene
(4884) Btgl BfuAI - BspMI (62)
\
(4776) Bsu36I ; | EcoNT (268)
: / MscI (465)
(4326) Bbel &
(4324) Sfol_ | tac promote,’ BstBI (655)
(4323) NarI* -\ ~ _ swal (685)
(4322) KasI >
PasI (941
(4133) EcoRV ;:m:-ﬂ ()945)
(4094) BssHII Fgeeemicdcnsi

—~ TspMI - Xmal (959)

“..Smal (961)

\.sall (964)
MAccl (965)

(5664)BetEil= PaeR7I - PspXI - TIil - XhoI (969)
EagI - NotI (975)
pGEX-6P-1 \\ Pfol (1051)
(3683) Mlul 4984 bp ﬂ:‘\ \PfIFI - Tth111I (1154)
\\ BsaAI (1161)
\ Zral (1258)
/ AatII (1260)
(3366) BStAPI
(3265) PFIMI
PstI (1937)
Bsal (2113)

AhdI (2179)

(2658) AlWNI

Ewoévo 2.2. Zynuatiky] amxetkéviion tov ydptn 100 rhacpdtokov ¢opia PGEX-6P1 émov @aivovtol ot

mollamAéig 0fcE1g Evempatmong, n 0éon komig TG Prescission mpwtedong ko 0éom g GST wpoTeivg

To 1elkd mhaouido mov npokvmtel paivetan otnv (Ek.2.3)

Xhol (1)
Sall (5510) Kpnl(99)
EcoRI (5500) mouse RANKL
BamHI (5491) . ’:|_I:‘ ‘/ EcoRI (340)
csT G E | BamH1(432)
9 . Xbal(490)
EcoRI (503)
L BamMI (521)
\
pGEX mouse RANKL 170 || _Amp(R)
5514 bp |

)

EcoRV (3695) <\
N

lacl W

Ewova 2.3. Zynpatikn oxeikovien Tov thaspdiakod gopia PGEX-6P1 mov @éper v ekkprriki] RANKL

npoTeivn evd oto N dxpo g v GST npmTsivy.
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2.1.2 Zyedraopég RANKLE®R yoviduaxiig kotaokeviic 6to pGEX-6P1

To petorayuévo yovioro RAN KLS®R 7o QEPEL TNV ONUEWKN UETAAAAEN €xel oav
amotédleoua TV aAloyn Tov apvo&Eog yAvkivny oty 0éon 278 oe apyvivn kot epmepEyxetan

otV akorovdia g exkprrikng mpmteivng (Ewc.2.4).

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFP
NLPYYIDGDVKLTQSMAIIRYIADKHNMLGGCPKERAEISMLEGAVLDIRYGVS
RIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDALD
VVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGG

DHPPKSDLEVLFQGPLGSPEFPGRLEMKPEAQPFAHLTINAASIPSGSHKVTLS
SWYHDRGWAKISNMTLSNGKLRVNQDGFYYLYANICFRHHETSGSVPTDYLQ
LMVYVVKTSIKIPSSHNLMKGGSTKNWSGNSEFHFYSINVGRFFKLRAGEEISI
QVSNPSLLDPDQDATYFGAFKVQDID

Ewcova 2.4 . Zympotiki onsikovion e apvoéikng akorovdiog Tov GST mouse RANKL (399aa-45kDa).
Me TIpdowvo emonpaivetor  apvoéiky akorovdio tov ekkprrikod MURANKL (160aa). Me I'kpt emionpaivetot
N apwvo&ik axolovBio TUARTOG TOL TAOCLUSIOV HETA TNV 0IToKOT ue TNV TpwTedorn Presscission pnkovg 13aa
ondte ovvolkd 173aa (19,2kDa). Me «kokkwvo m 0éon vmokatdotacng otnv 0éon 278 G278R g
SwopepPpavikng RANKL .

Me PCR ka1 pitpa CDNA o6 kdttapa ooteofrloctdv mov amopovadnkoy amod tles movtikio
€ytve vmokAwvomoinon g exkpirikng RAN KLS®R 1ov movtucov. Ot idiot EKKIVNTEG

| G278R onwg oy epintwon g RANKL dyprov tomov pe

ypnowonomdnkav yo tnv RANK
Béoeig avayvapiong tov meproplotikdv eviopwv Xhol kot Xbal avrtictorya. Akolovbwg 6to
potdv ¢ avtidpaong g PCR éywve kabapiopdg and 1o mnktopo ayopdlng kot otnv
ovvéyetlo Ty pe ta évivpa meproptopod Xhol ko Xbal. £tov mloouidiaxd popéo pGEX-
6P1 &ywe méyn pe ta évlopa Xhol kar Notl evéd to dxpo tng Notl pe v dpdon e Klenow
tpomonomOnke o€ "TVPAS" GKpo £Tol OGTE VO VIAPEEL CLUPOATOTNTO LE TO OVTIGTOLYO AKPOL
tov gvhépatog mov eépel v RAN KL®8R Meta TV Myomoinom 10 TEAIKO TAAGUIS0 TOL

TPOKLITEL POiVETOL GTNV €KOVOL 2.5.

Exxinmig Akoiov0ia
RANKLSOL.158.Xho-F 5-TCACTCGAGATGAAGCCTGAGGCCCAGCC-3'
RANKL3XbaTGA-R 5-TCCTCTAGATCAGTCTATGTCCTGAAC-3'
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http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,1
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,69
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,81
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,94
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,129
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,132
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,154
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,165
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,168
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,240
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,281
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,321
http://www.expasy.ch/cgi-bin/dna_sequences?/work/expasy/tmp/http/seqdna.21524,1,338

XhoL (1)

Sall o) | KpmL(oo)
EooRI (5500) . | mouse RANKL"™
BamHl (5491) T 4 EcoR1(340)
est " T i’ . /f  BamHl taz2)
o  Fbalapo)
. EooRI (509
. BamHI(521)
pGEX mouse RANKLE™ 171 "l_ R

s514bp o

Ewova 2.5, Zynpotikny ameikovien tov mhocpudtekod @opéo PGEX-6P1 mov ¢@éper v exkprrikn

RANKL®?R rpwreivy evéd oo N dicpo g Tyv GST mpoteivy.

2.2 IXeSLoNOC YOVISLAKTC KATAOKEVTG TG EKKPLTIKNG

RANKL tov avOpwtov
2.2.1 XxeStaopno¢ RANKL yovidLaki)c kataokevnc oto pGEX-6P1

To yovidto RANKL tov avBpodmov kmdtkomotel pio dwapepfpovikn mpoteivn 317 apuvocémv
amd TNV omoio WOPAyETal 1 EKKPITIKY] TG Hopon peyéBovg 158 apuvoléwmv votepa amod

npwteolvtiky anokont| (Ew.2.6).

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIAD
KHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDF
MLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPPKSDLEVLFQGP
LGSMEKAMVDGSWLDLAKRSKLEAQPFAHLTINATDIPSGSHKVSLSSWYHDRGWAKISNMTFSNGKLIVNQDGF
YYLYANICFRHHETSGDLATEYLQLMVYVTKTSIKIPSSHTLMKGGSTKYWSGNSEFHFYSINVGGFFKLRSGEEIS
IEVSNPSLLDPDQDATYFGAFKVRDID
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Ewova 2.6 Tynuatiki amcikovien g apvobikig akolovbiog tov GST hum RANKL (407aa). Me
[pdowo emonpaivetar  apuvo&ikh axorovdio g exkprrikiic humRANKL (176aa). Me T'kpt emionpoaiveton
apwvo&ikn axolovdio tunpaTog Tov TAAGUISI0V HETE TV OTOKOTH pE TV TpoTedon Presscission pnkovg 5aa

ondte cvvolkd 181aa (20kDa)

Exxwntig Axoiov0io

hum.RANKLBam-F 5- CAGGGATCCATGGAGAAAGCGATGGTGGATGGGATCC -3

hum.RANKLNot-R (internal) 5'- CAGGCGGCCGCCATCAGGGTATGAGAACTTGGG -3

[a v vrokhwvomoinon tov avBpomivov RANKL ypnoipomombnke n mAnpng kwowm
aAlnrovyioc (CDS) tov cDNA (ovirioyn ILM.A.G.E., khovoc IRCMp5012B0913D) mov
napaAnednke Khovomomuévo o€ popen Poxmplakdv - stabs  amd v eToupeia
SourceBioscience. H vrokAwvomoinon £yve TUNUOTIKG Y10, VO TOPOKAUYOVIE TO TPOPAN LA
pe v BamHI mov k6Petl eotepikd oty koo mepoyn tov RANKL. To mpdto tufua dev
nepéyxel v Béon avayvoprong BamHI, éto1 vrokAwvomomnke ypnoomoldviag €vo
ekkvnt) mov @épet v Béom avayvopiong BamHI kot éva ecwtepikd mov @épet v Béon
Notl.. AxkoloO0w¢ oto PCR mpowdv €yve kabapiopodg and 1o miKTope oyopoing Kot oty
cuvéyela méym pe ta viopa meplopiopov BamHI kor Notl. Opoiog kot 6to mAacuidioko
eopéa PGEX-6P1 &ywve méyn pe ta idwo éviopa meplopiopod mcte va £xovv cupfatd dkpa
Kol Atyomoinomn Tov Tunpdtov autd@v. To TeMKd TAacUidn eoivetal oTnV TapaKAT® KOV
2.7.
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hum RANKL-INTERMEDIATE FRAGME NT
Kpnl(5101)
HindITl (5012) Nofl(1)

BamHI (4955)

pGEX hum RANKL BamHI-NotI-INTERMEDLATE

5306bp

N

EcoRV (3159) e

lacl

Ewévo 2.7. Zynpotikny omeikovicn Tng €VOLONESNS TAUGCHIOIOKIG KATAGKEVNS OV QEPEL TUNHA TOV

ekkprtikov RANKL tov avBpomov 6to mhaomowoké gopéa pGEX-6P1.

Vv ovvéyeln €yve mEYN TOL €VOLAUECOV TAAGLOKOD @opéa (Aéktne) pe ta évivpa
neplopiopot Hindl kon Notl amopaxpiovovog pia evoidueon meployr oo humRANKL kot
avtiototya mwéYn pe ta 01 Eviopo €vog GAAOL TAACUOKOD (QOpPED. TTOL QEPEL TO

humRANKL pe 0éong évbeong ota dxpa Sall-Notl (Ew. 2.8)
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BamH 1(5455)

EcoRI (5363)
EcRI(5356)
hUMAN RANKL
Kpnl(5122) \‘
HindII (50 33) \‘\‘ Nol(1)
Sall (4974) ‘L\i\‘“',‘jt |
EcR1(4964) = \\\V ‘
BamH1(4955) _~ /' " 4 i ~_Amp(R)
PreScission™ Protease S ite;_, 4 4 X
esT /)
“‘/
pGEX-human RANKL Sall-Notl
5513 bp
%
EcoRV (3159) \;//

lacl

Ewéva 2.8 Zynpatiki] anetkovien 1ov ekkprrikov RANKL tov avOpdmov 670 mhacpidraxkd gopéa pGEX-

6P1 pe 0¢ong avayvopions-évleong Sall-Notl.

XV ovvéxeln £yve Ayomoinomn Tov TAACUIOKOD EVOLAUEGOV (POPEN LE TO TUNHO OV
nponAle amd v mAacudlokn kotaokevy (Ew.2.8). To tehkd mloouidio @aivetar otnv

TapoKaTo® ewova 2.9.

60



BamHI(1)

HindIII (58)

‘ Kpnl(147)

GST / hum RANKL BamHI-Not]|
- o EcoRI (381)
EcoRI(388)

" BamHI (480)

Notl (539)

humanRANKL IN pGEX BamHI-NotI

—_Amp(R)
5492 bp

EcoRV (3697)

lacl

Ewéva 2.9 Zynpatiki) anetkovien 1ov ekkprrikod RANKL tov avOpdmov 670 mhacpidiaxd gopéa pGEX-

6P1 pe 0¢omg avayvopiong-évleong BamHI-Notl.
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2.3 Ixedlaopoc yovidiakwv katackevwyv tov human TNF

2.3.1 Lxediaonoc TNF yoviSiakic kataokevng oto pGEX-6P1

To yovidio TNF tov avOpdTOL K®IKOMOEl pio EKKPITIKY] Hopen NG mpwteivng 233
apvoééov (Ewk.2.10). Me PCR kot ¢ puntpa CDNA and avBpdmivo deiypa dyplov TOmOL
€yve vokAwvomoinon g ekkpltikng popeng tov TNF tov avBpdmov. Ot ekkivntég mov
ypnouonomdnkov eépovy Bécelc avayvopiong tov teploptotikdv evivuov BamHI ko Sall

avticTolya.

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIAD
KHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKYLNGDHVTHPDF

MLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPPKSDLEVLFQGP

LGSVRSSSRTPSDKPVAHVVANPQAEGQLQWLNRRANALLANGVELRDNQLVVPSEGLYLIYSQVLFKGQGCPS
THVLLTHTISRIAVSYQTKVNLLSAIKSPCORETPEGAEAKPWYEPIYLGGVFQLEKGDRLSAEINRPDYLDFAESG
Q VYFGIIAL

Ewova 2.10 Zynuotucy angikovion g opvoéikig akorovdiog oo GST hum TNF (388aa-44kDa). Mg
[pdowo emonuaivetar 1 apvoéikn akoiovdio tov ekkpitikod humTNF (157aa). Me I'kpt emonuaivetar m
apvo&ikn akolovdio THALOTOG TOV TAAGUIGIOV HETA TNV OTOKOTN [E TNV TpwTedon Presscission prikovg 5aa—>
omote cuvolikd 162aa (17,7kDa).

Exxuntig Akolovlio
HumanTNF-F 5-CTGGGATCCGTCAGATCATCTTCTCG-3'
HumanTNF-R 5-GGATCATTGCCCTGTGAGTCGACCTG-3'

AxorovBwg oto PCR mpotdv €yive kabBapiopodg amd To THKTOUN KOl GTHV GUVEXELN TEYN ME
ta évlopa meplopiopod BamHI kon Sall. Opoiwg 1o mhoopidio pGEX-6P1 koémnke pe ta
évlopo BamHI xon Sall. Metd v Atyomoinom to 1eMKd TAOGUISI0 TOL TPOKOTTEL POIVETOL

TNV mopaKato ekéva 2.11.

62



J‘SalI )

HUM.TNF / X101(6)
BamHI (4966) _ L _t\l T Nofi(2)
csTooman 4 v
\\:&}g /
4

' pGEX-wt sol.human TNF

5445bp

P

EcRV (3170)

Ewoévo 2.11. Zynpatikn omeikévien tov ekkprtikov TNF tov avOpdmov oto mhacpidioko gopéo pGEX-

6P1.

2.3.2 Xxedraopnog TNFG249R yoviSLak1 ¢ Katackeung 6to pGEX-
6P1

Mo v vroxAwvomoinon g petadhaypévng ekkprtikng tpoteivng TN Fe122R

OV OVOPAOTOV
(E.2.12) otov mhacpdiokd gopéa PGEX-6P1 mpaypatomombnke oe mpmtn @don 1 nébodo
gloaymyng petaAldéenv nécm PCR.

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIAD
KHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKYLNGDHVTHPDF
MLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPPKSDLEVLFQGP

LGSVRSSSRTPSDKPVAHVVANPQAEGQLQWLNRRANALLANGVELRDNQLVVPSEGLYLIYSQVLFKGQGCPS

Ewova 2.12 Zympotiki orgikovien g apvolikig akoroviog tov GST hum TNF (388aa-44kDa). Mg
Ipdowo emonuaiverar 1 apvoéikny akolovdio tov ekkprrikov humTNF (157aa). Me T'kpt emonuaiverar m
apuvo&ikn akolovdia THARETOG TOV TAAGUISIOV HETA TNV OOKOTN HE TNV TpmTedon Presscission prixovg 5aa—>

ondte cvvolikd 162aa (17,7kDa). Mg kokkwvo 1 Béom vrokatdotoong oty 0éon 122 G122R.
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Exxintig AxoiovOia

HumanTNF-F 5-CTGGGATCCGTCAGATCATCTTCTCG-3'
HumanTNF-R 5-GGATCATTGCCCTGTGAGTCGACCTG-3'
HuTNFargF 5-CTATCT GGG AAG GGT CTT CC-3'
HuTNFargR 5'-GGA AGA CCC TTC CCA GAT AG-3'

H yprion "ecotepikdv HETOAAAEIOYOVOV EKKIVITOV" TOL E1IGAYOVV TNV GNUEIKT LETOAAAEN
(G->A) suvévalovtot ovaAoya pe Toug eEMTEPIKOVG EKKIVITEG TAPAyovTag 600 TUALOTOL

DNA. (Ew.2.13).

PCR 1 Oéon onuewna)s uetdiialing
— e B
#1 #3
PCR 2
#4 #2
PCR 3
—» <«
#1 #2

Ewoévo 2.13. Zynpotikiy omxekovien Ttov Tpidv  avidpdceov PCR mov omartovvror Yy Tnv

s 249R
vrokiwvomoinon Tov TN Fe249

Téhog oe pa avtidpaon PCR 6mov cav pnqtpa ypnoomolovpe ta 2 tuqupotoe DNA dmov

aAANAOETIKAAVTTOVTAL-VPPOILOVY Kol [e TOVG EEMTEPIKOVG EKKIVNTEG EVICYVOVUE TEMK®DG

FGZ49R

Vv TP akoAovBio Tov kwouomotel v ekkprtikny TN npwteivn. ‘Eneita 10 mpoidv

g PCR xoBopileton amd to mktopo ayopdling kot yivetar méyn pe to éviopa BamHI ko

Sall (mov @épovv ot e&mtepikoi ekkivnTég) KabmMG Kot 0 TAacdIoKOg popéag PGEX-6P1

wote v gival dSuvaTOV M EIGOYMYN TOL TUNUOTOS TNG TNFC24R

FGZ49R

. To tehkd mhacpidoo mov

oéperto TN eatvetor oty ewova 2.14
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Sall (1)
MUTATED HUMAN TNF XhoI(6)
BamHI (4966) g NotI (12)
amHI (49 // 0

GST DOMAIN

pGEX-sol. mutated human TNF
5445 bp

EcoRV (3170)

, , . . 122R , . .
Ewéva 2.14. Tynpatikij ansuovion tov ekkprrikod TNFC T0V OvOpOTOV 6TO TAUGUIOLOKG Qopia

pGEX-6P1.

2.4 Ixedlaopog yoviSlakwv katackevwyv Tov human BAFF

2.4.1 Xxebraopnog BAFF yoviSiakng katackevng 6to pGEX-6P1

To yovidto BAFF tov avOp®mov k®dkomolel o ekKpITikny Hopen Tng mpmteivng 152

apwvoééwv (Ek.2.15).

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIAD
KHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDF
MLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPPKSDLEVLFQGP

LGSMAVQGPEETVTQDCLQLIADSETPTIQKGSYTFVPWLLSFKRGSALEEKENKILVKETGYFFIYGQVLYTDKTY
AMGHLIQRKKVHVFGDELSLVTLFRCIQNMPETLPNNSCYSAGIAKLEEGDELQLAIPRENAQISLDGDVTFFGALK
(s

Ewcova 2.15. Zynpatikn argikévion g opvo&ikig akorovdiag tov GST hum BAFF (384aa). Mg Ipdowvo
gmonpaiveton n apvoéiky axorovdio g exkprrikic humBAFF (153aa). Me T'kpt emionpaivetor n apivo&ikn
axoiovBia TUANATOG TOL TAAGSIOV PETE TNV omoKoN| HE TNV TpoTEGon Presscission pufikovg 5aa—~> ondte
ovvolkd 158aa (17.5kDa).
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Exxwnmig AkolovOia

HumanBAFF-F 5'-CAGGGATCCATGGCCGTTCAGGGTCCAGAAG-3'

HumanBAFF-R 5'-CAGGCGGCCGCTCACAGCAGTTTCAATGCA-3'

[a v vroxhovomoinon tov avOpomvov BAFF ypnowomomnke n mAnpng Kwdkn
alnrovyia (CDS) tov cDNA (cvAroyfq LM.A.G.E. , kAdvog IRAUP969HO387D) mov
napaAnednke  Khovomomuévn oe  popen  Poktmplokdv  Sstabs amd v etoupeia
SourceBioscience. H vmokAwvomoinen Tov TUNHOTOG TOL KOSIKOTOLEL TNV EKKPLTIKT TEPLOYN
g BAFF mpwteivng €yive ypnoomoldvtoag ekkivntég 0mov glcdyope BEGELS avayvapiong
TV meploplotikdv evidpmov BamHI kot Notl avtictolyo. Axkodovbmg oto PCR mpotdv €yive
kaBoplopog amd mkTope ayopolng kot otnv cvvéyew méyn pe to VLo TEPLOPIGHLOV
BamHI xat Notl. Opoiog kot oto mhacpokd eopéo PGEX-6P1 éywve méym pe to idw
évlopa TePLOPIoUOD MOTE VO £Y0VV GLUPATE AKPO KOl Alyomoinon tov Tunpdtov avtdv. To

TEAMKO TAAGHIO0 QaiveTon oty gwkova 2.16.

fiil| -
i lacl

pGEX-HUMAN BAFF \

5423bp |
=t ____LCcoRV (1506)
i ! o
AR
Not(3771) _ /
X | &

G
soluble human BAFF~
BamH 1(3302) /

. ~

PreScission™ Protease Site o - A
GsT

Ewéva 2.16. Zympatikn oxeikovien 1ov ekkpitikod BAFF tov avOpdmov 610 thaopidioké opéa pGEX-

6P1.
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2.4.2 YxeSiaopndg BAFFG249R yoviSLakn ¢ katackevi)G oto pGEX-6P1

[ v vToKA®VOTOINGT TG LETAAAXYLEVIG EKKPITIKNG TPMTEIVIG BAFF®?*R 10y avOpmmov
otov mlooudookod  @opéa PGEX-6P1  mpaypatomombnke pe xkoatevBovouevn PCR
petadra&oyéveon. H ypnon "ecotepik®dv HETAALAEIOYOVOV EKKIVINTOV" TOL E€GAYOLV TNV
onuewokn petddrhaln (G->C) ovvovdlovior avaroyo HE TOVG &EMTEPIKOVG EKKIVNTEG

napdyovrag dvo tufuoto DNA (Ew. 2.17).

PCR 1 Ozom onuswsa); ustdhialing
_’. .‘_
#1 #3
PCR 2
— Pra—
#4 #2
PCR 3
— -«
#1 #2

Ewoévo 2.17. Zynpotikiy omxekovien Ttov Tpidv  avidpdceov PCR mov omartovvror Yy TNy

VTOKA®VOTTOiN o1 TOV BAFFC2R

Téhog oe pa avtidpaon PCR 6mov cav piqtpa ypnoomotovpe ta 2 tpuqupotoe DNA dmov
aAANAoETIKAAVTTOVTAL-VPPOILOVY Kol e TOVG EEMTEPIKOVG EKKIVNTEG EVICYDOVUE TEMK®DG

NV TANPN akoAovBia Tov KodKomotel TNV EKKPLTIKN BAFFC24R npoteivn (Ewk. 2.18).

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIAD
KHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDF
MLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPPKSDLEVLFQGP
LGSMAVQGPEETVTQDCLQLIADSETPTIQKGSYTFVPWLLSFKRGSALEEKENKILVKETGYFFIYGQVLYTDKTY
AMGHLIQRKKVHVFGDELSLVTLFRCIQNMPETLPNNSCYSARIAKLEEGDELQLAIPRENAQISLDGDVTFFGALK
LL

Ewoéva 2.18 Tynpatiki aneikévion g opwvoiikic akorovBiog Tov GST hum BAFF®*R (384aa). Me
Ipdowo emonuaiveton N apvoéikn axorovBia tng exkprrikig humBAFF (153aa). Me I'kpt emonpoivetor M
apvo&ikn akolovdia TUARETOS TOV TAAGUISIOV HETA TNV OIOKOTN L TV TpmTedon Presscission pikovg 5aa—>

ondte cuvolkd 158aa (17.5kDa). Me koxkvo n 0on vrokatdotacng oty Béon 249 G249R.

‘Enerta 10 mpodv ¢ PCR amopovdvetor and miktopo ayopdlng Kot yivetor méyn pe to

évlopa BamHI ko Notl (mov @épouv ot eEmtepiol ekKvTES) KOOMG KO 0 TAAGHOOKOG

VI



oopéag PGEX-6P1 dote va elval dvvatdv n €lcaywyn TOL TUNUOTOS TNG BAFF®?*R ¢

G249R
F

TEAMKO TAOGIO0 ToL Pépel To BAF eaivetol otnv ewova 2.19.

Exxwnmig AkolovOia

HumanBAFF-F 5'CAGGGATCCATGGCCGTTCAGGGTCCAGAAG-3'
HumanBAFF-R 5-CAGGCGGCCGCTCACAGCAGTTTCAATGCA-3'
Internal-HumanBAFF-F 5'-CCTGCTATTCAGCTCGCAT-3'
Internal-HumanBAFF-R 5-ATGCGAGCTGAATAGCAGG-3'

PreScission™ Protease Site gl/
6

Ewcéva 2.19. Tympatiky emeikovien tov skkprrikod BAFFC9R

pGEX-6P1.

70V avOpAOTOV 670 TLUGMIOLOKO Qopéa
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2.5 lIposTopacia dektikwv XL-1 blue Baktnplakwv

OTEAEXWV YLX LETACYNILATIONO NE TNV €G0S0

NAEKTPOTIOPWOTG

H mpoetowaocio dektikddv XL-1 blue kvttdpov yio petooynuotiopd pe v pébodo

NAEKTPOTOP®ONG ATOTEAEL L0 TEYVIKN UE TNV OTOiol dNovpyovviat Poaktnplakd oteléyn

mov  yopoxtnpilovtar oamd peYEAn amOO0CN  UETOCYNUOTICHOD HE TNV TPOSANYM

mhoopdtokod DNA kot teptiiapfavel to mopakdtom otdota:

1.

© © N o O

10.
11.

12.
13.
14.

15

Ttphotpo kuttdpov XL-1 blue oe tpuPAio petri (xprion glycerol stock omé tovg -80°C) pe
avOekTIKOTTO 68 aVTIPLOTIKO TETpaKLKAIvNG (25ug/ml) Ko endacn 6Tovg 37°C.

Tnv emduevn pépa emAoyn Hovig anotkiog omd to TpuPrio kau epPanticpo oe S0ml LB
dyap (TpokoAMépyeta) kot endoon otovg 37°C O/N.

Tnv endpevn nuépa petapépovpe Sml amo v npo-kolhiépyeta o 500ml LB dyop.
AvanTuén g KOAMEPYELNG LE ETDACT) GTOVG 37°C xau avdodevon 230rpm, eved eAéyyovpue
TNV KVTTOPIKY TUKVOTNTO PETPAOVTOS TNV onTik) mukvotnto OD ota 600nm n omoia
npémel vo. @tdoet pio Ty petagd 0.5 wor 0.7(exBetikr] @don  oavamTuEng Ko
TOALOTANGLOGLOV TOV BAKTNPLK®V KUTTAPWV).

Yy ek0eTikn Ao avATTLENG LETAPEPOVLLE T KOTTOPA GTOV Tdyo yio 30min.
Ddvuyoxévipion twv kKutTdpov otig 3.500rpm ctovg 4°C ywo. 15min.

[Metdpe to vepkeipevo Kot exavadiaAvovpe ta kottapa o€ 800ml kpvo ddH20.
Ddvyokévrpnon v kuttapov 6tig 3.500rpm ctovg 4°c v 15min.

AmopokpOvovpe mpooektikd to H,O ko emavadiaivovpe o kottapa og 400ml kpvo
ddH20.

Ddvuyoxévipion twv kKutTdpov otig 3.500rpm ctovg 4°C ywo. 15min.

Amopakpivovpe mpocektikd to HoO kot aprvovpe micwm mepinov 10-15ml H,O kot 6ov
yivetol 1 emavadldAvon TOV KUTTAPWV.

Metagpépovpe o kotTapo og éva S0ml falcon

Ddvuyoxévipnon tov Kuttdpov otig 3.500rpm ctovg 4°C ywo. 15min.

[Metdpe To vepkeipevo Kot emavadiorlvovpe ta kottapo o 20ml 10% yAlvkepoin.

. Duyoxévipnon tov Kuttdpov otig 3.500rpm ctovg 4°c ywo. 15min.
16.
17.

[Metdpe To vVIEPKeEinEVO Ko emavadtorlvovue o kottapa o€ 1-2ml 10% yAvkepoin.
Mopalovpe og aliquots tov 120ul kot apéowc to Taydvovue oe vypd almto pe Enpod

Téyo ko amodiKkevon otovg -80°C.
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2.6 Amopdvwon poiovtwyv PCR 1] mAacpudiakov DNA and
TNKTORX xyapolng pe ™ p£€6odo tov twdiovyov vatpiov

(Nal)

H amopdvmon npodvtwv PCR 1 mhacpidiokod DNA and mktopa ayopolng amoteiet
avayKoio GUVONKN OOTE Vo TPOYMPNGOVUE GTO ETOUEVO GTAOLN VITOKAMVOTOINGNG Ko
Myomoinong tov tunudtov.H pébodog mepriapfavel ta mopakdto Prpora:

1. TMpaypatomoinon é&1 avtwdpacewv PCR yia to kdOe tuipa DNA 1 3-5ug mAacudiokon
DNA mov mpodxeiton vo vTokAmvoro0et.

2. Avauén tov €6 avtidpdoemv 1 Tov mAacudtokod DNA, tpocshnkn dtoaidpotog
Kkatafudiong kot avaivon Tov Tpoidvtog e NAEKTPOPOPNON o€ TNKTOU ayapolng 1%
pe €101KA StapopPouéva Tnyadio peydiov peyéoug.

3. Amopdvmon Tov KOPPATION TOL TNKTMOUATOG TOL TEPLEYEL TO EMBLUNTO TPOTOV
YPNOULOTOIDVTOS VUGTEPL.

4. Awlvtomoinomn tov anktdpatog o€ 2.5 dykovg 6M Nal otovg 550C, ~10 min.

5. TpooBnkn 20 ul Glass Milk (vortex mpwv v yprion).

6. Ztov mdyo yio 7min ka1 avadevon to tube kébe 2min yio tpodcdeon ov DNA ota
HUIKpoGQapidta.

7. ®vyokévrpnon 13000 rpm, 10 min, Bepuokpocio dmpotiov.

8. Amoudxpvvon Tov vrepkeipevov Kot eravadidivon tov pellet oe 1ml New Wash.

9. ®duyoxévrpnon 13000 rpm, 10sec, Beppoxpoacio dmpatiov.

10. Eravainym tov Prpatog 8 dAies 2 popéc.

11. Arelevbépmaon tov DNA oz ta. pikpoc@aipidia o€ pikpo oyko ddH20 otovg 550C, 5
min.

12. ®vyokévrpnon 13000 rpm, 1min, Beppokpocio dopatiov.

13. Metagopd tov vepkelévon mov mepiéyet 1o DNA.

14. Avéivon 1 pl pe nhextpopdpnon yia emPePaimon enttvyovg kabopiouov.

Awdpata

Glass Milk: T'a [apackevny 10 ml mpocbétovpe 19 silica (Sigma, #5631) ce 10ml PBS,

aVOKOTEVOVUE Kol aervovpe 2h, Beppokpacio dopatiov. ATOUAKPOVOVUE TO VIEPKEILEVO

Kot emovarappdvoops. Tn cvvéyeia mpoyuatorolovue euyokévrpnon 1000 rpm, 2 min kot

téhog emavaimpovue oe 6 M Nal (Fisher Scientific).

New Wash: 0.1 M NaCl, 0.01 M Tris pH 7.5, 0.0025 M EDTA o¢ dwdAvpa 47.5 %

EtOH.
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2.7 TVvéeon Tunuatwv DNA pe Atyaon

Ot avtdpdoeig PCR wpaypotoromnkay pe to évivuo Pfu moivpepdon (Thermo Scientific,
#EP0501) ko petd and kdbe kKhwvomoinon to TAacuidio availvovtay pe aAANAobyNon Yo,
emPePaiwon ™G EMAYOYNS TOV EKACTOTE MHETOAAGEE®V Kol NG EAAEWYNG GAA®V
petoddéewv. Ot avtdpdoelc Aryomoinone PCR mpowdviov pe TAOGHOI0KOVG QOPEIC
(ligations) mpaypotomomdnkay G Qoivetol GTOV TAPUKAT® TIVOKE YPTOLLOTOIOVTIOG TO
évlopo g Mydong (DLO1a) and v etaupia HT Biotechnology. H avaioyia gopéa (vector)
ko evOépartog (insert) mpémer vo eivor 1:3. H ypion 1 pe 3 pl eivan evdektiky kot
dwpopornoteitar kbbe @opd avarioyo He TN GLYKEVIPOON TOL KAOE OVTIOPOVI®MG 7OV

EKTILATOL [LE NAEKTPOPOPTOT| GE TNKTOUA oyopOlne.

Vector 1A
Insert 3A
5x Ligation Buffer 2\

Ligase (10units/A) (HT Biotechnology) |1A

H20 3A

Total 101

22°C,16h

2.8 Metaoxnuatiopnog XL-1 blue BakTnplakwv 6TEAEX®WV UE
NAEKTPOTIOPWOT)

O PETUGYMUOTIOUOG OEKTIKMOV KLTTAP®V HE NAEKTPOTOPMOOCT] ATOTEAEL 0L OPKETO OITOOOTIK)
1éB0d0 evd ypnoomTomONKaY TO TEAKE TPOIOVTO AYyOTOiNoNG Y10 TOV LETACYNUATIGUO TOV
XL1-Blue kvttdpav. Aektikd kottapo XL1-Blue Eeraydvovv and tovg -80 0C ctov mayo.
Ytov Tayo petapépovtar Kot ot KuPéteg niektpondpwongs. 40 pl kuttdpmv petapépovtat oe
1.5 ml eppendorf kot wpootifetan 2 pl avtidpaong cvvdeong (ligation), avapryvoovior Kold
Kot enmalovtar otov Tayo, SMin. H cvokevn niektpondopmong pubuiletar ota 25 pF, 200 Q,

1.8V, ta 42 pl avtidpaocng petapépoviol otny Kot Kot endyetol ToAptog. Metd Tov ToAuod
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npootifetar 1 ml mpobepuacuévo SOC Medium avodedovpe KaAd Kot HETAPEPOVUE GE VEO
1.5 ml eppendorf 6mov kot enwdlovpe 1h,370C kat 1€Aog oTpdOVOLUE TO KOTTOPO GE TPLPAiaL

pe LB dyap kot ovtifrotikd katdAAnAng emAoyng.

Awglonota
SOC Medium: T'e 200 ml avapryvoovpue: 4g Bacto-tryptone (Fluka), 1g Bacto-Yeast extract

(Fluka), 2ml of 1M NaCl, 0,5ml of 1M KCI, 2ml of 1M MgCI2, 2ml of 1M MgSO4,
ATOGTEPOVOVUE 6TO owTOKavoTo kot mpocHétovpe Iml 1M glycose (filtered). Amobnkevon
4°C

LB dyap: T'a 1 L avauryvoovue: 10g NaCl, 10g Tryptone (Fluka), 5g Yeast Extract

(Fluka), 159 agar (Fluka)

LVOKEVES
Yvokev] niektpomdpwong Bio-Rad MicroPulserTM ko kvBéteg Bio-Rad.

2.9 Atopdvwon mAaocpdiakov DNA anod faktnplaka

KUTTapa o€ pUKpP1) KAlpaka (mini prep-boiling method)

H pébodog avtr methapfdver v amopdvoon mrocpdtokod DNA pikprg kiipokog kot

YPNOLOTOEITON EVPEWMS OTOV BELOVLE VO TOVTOTOGOVUE TOV GOGTO PaKTNPloKd KAMVO TOv

QEPEL TNV TAOGUOIOKT] KATOUGKELT TTOV OIS EVOLOPEPEL.

H dodwcacio mov axorovdnOnke ivar n e&ng:

1. Emdoyn povig Paxtnplokng amowiog kot petaeopd e Sml LB Openticod pécov mov
neptEyel avtProtiko emioyns. Emmaon pe avédevon otovg 370C v 16 dpeg.

2. Metagopa 1.5ml kodlhépyeiag oe eppendorf tube kot puyoxévrpnon otig 13.000rpm yio

2min. ®vAdue v evomopeivaca kaAlépyela otovg 40C Yo LEALOVTIKN xpnon.

3. Tletdpe to vmepkeipevo ko emavoadiorivovpe to Paxtmplaxd pellet o 350ul Boiling Prep

Buffer, tpocOétovpe 25ul Avooldung (10mg/ml) kot avadevovpue pe vortex.

4. Metagopd tov detypdtomv o€ PBpactd vepd yior 1:30 min kot peETaPEPOVUE AUECHS GTOV

mhryo.

5. ®vyokévipnon o 13.000rpm yia 30min otovg 40C.

6. Agaipgomn Agvkov pellet (kvttapikd Bpavcpota) pe odovioyAveido.

7. Metagopd tov vIepKeineEVOL o€ Kavovpyto tube.

8. IIpooHnin 160ul 5M NH4OACc (Panreac).

9. TIpooHnkn 300ul Phenol/CKCI3. Vortex.
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10. ®dvyoxévrpnon otig 13.000rpm yia Smin og Ogppokpacio dwpatiov.

11. Metagpopd Tov vrepkeipevon oe Kovovpyto tube.

12. Eravainym tov fnudtov 12-14.

13. TIpooBnkn 800l kpvag 100% arbavoing kot KoAn ovauén.

14. ®dvyoxévrpnon otig 13.000rpm yia 20-30min otovg 40C.

15. Tetdype o vrepkeipevo kat Eemiévoope pe 800l 70% abavoin to DNA pellet.
16. ®dvyoxévrpnon otig 13.000rpm yia Smin og Oeppokpacio dopotiov.

17. Tetdpue to vepkeipevo Kot aprnvovue vo oteyvaoest to DNA pellet.

18. Emavadidivon to DNA pellet o 30ul ddH20.

Awivpata Boiling Prep Buffer: 8% Sucrose, 0.5% Triton X-100, 50mM EDTA (PH 8.0),
1mM _Tris-Cl (PH 8.0)

2.10 Amtopovwon mAaopdiakoy DNA and Baktnploaka
KUTTApQ o€ peyaAn kAlpaka (midi prep)

H pébodoc avt) mephapfdver v omopdveoon miacpdlokod DNA peyding wxiipokog
(mepimov 1-2ug/A DNA) ko peyoddtepng kaBapomntoag omd KaAMEPYEW PakTnploKk®v
KuTTdpov. Lovnbmg mpaypotonoteital pe 6Komd TV aAAniovylon tov mAacudokod DNA.
Xmv mopovoo  PEAETN ypnolpomomOnke €va  eumopikd  Ofécio  KIT  amouoOvVeOoNg
mhoopudtakod DNA (#12145) and v etapeion QIAGEN kot mpaypotomomdnke cOpe@va. pe
T odnyiec tov katackevootn (BAéme http://www.qgiagen.com/products/catalog/sample-

technologies/dna-sample-technologies/plasmid-dna/giagen-plasmid-midi-kit#productdetails).

2.11 AAAnAovVxnon

[Moopdokd DNA amopovopévo and mktopa oyapolng (BAEre evotnrta 2.7) otdAdnkav yuo
aAAniovymon otig etarpeieg Eurofins MWG, Ocumum Biosolutions koaw VBC Biotech. T
™mv aAilniovynon tov cDNA tov mouse RANKL, human RANKL, human TNF kot human

BAFF ypnoyomomnkav ot kbdtmbt ekkivntég:
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Ovopa Exxivnti Axkorov0ia
Mu.RANKLSOL.158.Xho 5’-TCACTCGAGATGAAGCCTGAGGCCCAGCC-3’
Mu.RANKL3XbaTGA 5’-TCCTCTAGATCAGTCTATGTCCTGAAC-3’
5s0lhuRANKL 5’-CAGGTCGACTCAAGCTTGAAGCTCAGCCTT-3’
3solhuRANKLnNot 5'-CAGGCGGCCGCTCAATCTATATCTCGAACT-3'
huTNFbamF 5-CTG GGATCC GTC AGATCATCT TCT CG-3
huTNFsalR 5-CAG GTC GAC TCA CAG GGC AAT GAT CC-3'
humBAFFbamF 5-CAG GGA TCC ATG GCC GTT CAG GGT CCA GAA G-3
humBAFFSalR 5-CAG GTC GAC CGC TTG AAG TCC TCT TTC AGG-3'

2.12 MposcTopacia dektikwv BL21 BakTnplak®wVv 6TEAEX@WV

YW LETAGYNUATLUO pe Ogp Ko 60k

H mpogtoyacio dektikav BL21 xvttdpov yioo petacynuatiopnd pe Bepukd ook amotelel

avaykaio cuvOnKn Yy TV €TEPOAOYN EKOPOACT] TOV OVOGVVOLUCUEVED TPOTEWVOV GTNV

wapovoo perétn kobog to BL21 kdttapo amotelobv katdAAnAovg ¢opeic etepdhoyng

£KPPAOTG EVKAPLOTIKMOV TPOTEWVAV.

H mpoetoyacio dextikav BL21 Baktmplokdv kKuttdpov mepthopfaver to mopakdto otadio:

1. Ttpdhoo kvttdpov BL21oe tpuPhio petri (yprion glycerol stock améd tovg -80°C) pe
avOekTIKOTNTO 68 AVTIBLOTIKO YA®PapeeviKoAng (35ug/ml) kot endaocn otovg 37°C.

2. Tnv enduevn pépo emAoyr Hovig amoikiag amd to TpuPAio kot spPantiopa oe Sml LB
dyop (TPoKaAMEPYELD) KOl ETDACT) GTOVG 37°C O/N.

3. Tnv emdpevn nuépa petapépovpe 200ul and v mpo-kodliépyeio oe 30ml LB dyap.

4. Avamntoén g KOAMEPYWIS HE EMDOOCT GTOVG 37°C vnd avadevon WEYPL M OMTIKN

mokvotto ¢ KaAMépyeia; (OD) ota 550nm ¢tdoet v tiun 0.4.

5. Metagépovue ta kotTtapa og S0ml falcon kot ta agprvovpe oto wéyo yo. 10min.

6. ®uyokévipnon otig 3,500rpm ctovg 4°c ywo. 15min.

7. AmopaxpOvovue To VIEPKEIPEVO Kat emavadiolvovpe To kuttopa oe 10ml 6/tog RFL.

8. Emdaomn otov mayo yio 45min.

9. duyokévrpnon otic 3,500rpm otovg 4°C yia 15min.

10. TTetdipe T0 VITEPKEIUEVO KO EMAVOSIOAVOVLE TO, KOTTOPO TPOCEKTIKA o€ 2.4ml d/t0g RF2.

11. Erd®aon otov mayo yo 15min.

12. Mowalovpue oe aliquote 200ul ko Tayoua og vYpo AlmTo.

13. Amobnkevon tev aliquote otovg 80°C.
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Awglonota
RF1:

RF2:

LVOKEVEC!

T 100ml

RbCI 100mM

MnCl250mM

CaCl210mM

Glycerol 15%

CH3 COOK 30mM

Pv0pion tov PH o710 5,8 pe 0&ikd o0&

Amnooteipoon

I'oa 100ml

MOPS 100mM

RbCl 10mM

CaCl275mM

Glycerol 15%

PvOpion tov PH o710 5,8 pe 0&ikd 0&0

Amooteipoon

dvuyoxevtpog Hettich povtédo Micro 120

2.13 Metaoynuatiopog BL21 BakTnplak®V 6TEAEXWV HE

Oepuiko ook

O petaoynuatiopog tov BL21 Baktnplokdv kuttdpmv mpoypotonoteitol pe Oeppikd coxk.
Mio amdtopun ovénomn g Oepuokpocioc emdyst TOV GYNUOTIOUO HIKPOTTOPOV GTNV
Bakmnplokn HepPpavn T@V KLTTAPOV LE OTOTEAEGHA TNV ATOd0TIKY TpdsAnymn DNA.

H dwdwacio petacynuatiopod neptlopnBavel To TopaKaTo ctadio:

1. Metopépovpe éva aliquote tov dextikdv BL21 xvttdpov(stock -80°C) oto méyo kat

TOL OLPT)VOVLLE VO EETOLYMDCOVV.
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Avapyvooope 100ul and to faxtnplokd dextikd kotrapa pe 2ul oand v avtidpaon

Myomoinong (ligation) kot apfvovpe otov wayo yio 30 Aemtd.

3. AkohovOWC,, HETaQEPOVIE TO pelypo Tov KuTtdpov pe o DNA otovg 42°C yu
50sec.( Oepuikd 6oK) Kot LETA GTOV TAYO Yo 00O AEMTA.
4. TIpocBétovpe 0,9ml SOC 1 LB Opentikd péco oto KOTTOP Kot 0pTiVOVUE Y10 ETMOCT
otovg 37°C yw pio dpa.
5. Xtpooyo tov kuttdpmv o€ tpuPiia Petri pe ta katdAAnio avtiplotiko.
AwAdparta
SOC Medium
2XVOKEVEG

Y 8otorovtpo otovg kat 42°C

TpuPAia Petri pe apmuciddivy (100pg/L) ko YAopop@ovikoin (35ug/A)

2.14 ATTOPOVWOT) AVAGUVSVAOUEVTC EKKPLTIKTG TIPWTEIVG

H pébodog mov ypnoyonomOnke amoutel to NG VAIKE:

TpuPirio Petri mov mepiéyovy apmkiAdivn Kot yAmpop@ovikOin
LB agar

Avadevtipa otovg 37°C

1L Erlenmeyer

IPTG ( 100uM )

Dvuyoxevipog Juan CR422

50ml falcon

[Tuétec ko movdp

PMSF(100mM)

Protease inhibitor coctail

Bacteria Buffer (1xPBS, Tris-HCI 10mM PH7,2)

10% triton

Ydatdrovtpo otovg 37°C

Sarcosyl 10%

Sonicator

Yoyouevn puyodkevipo Thermo Scientific povtého Heraeus Fresco 21 Certifuge
®iktpa (0.45um)

Falcon tov 15ml
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e Immobilized Glutathione- beads (Thermo Scientific)
e Poléta

o Precision Buffer

I'ie 200ml Precision Buffer
10ml Tris PH 7.0
6ml 5M NaCl
400ul EDTA
200pl DTT 1M
20 Triton

I'a 200ml Lysis Buffer
0,284g Na;HPO,4
1,2ml 5M NaCl
4ml 0,5M EDTA
5004 Triton

[Ipocappoyn Tov PH o10 7.0 pe pocpopikcd o&o

o Lysis Buffer
o SnakeSkin Pleated Dialysis Tubing (Thermo Scientific)

H d1ad1kacio mov akorlovdnOnke ivon n e€ng:
MEPA 1
Ytpooo tov BL21 kuttdpov mov mepiéyovy o wild type h.BAFF e éva tpuPiio petri ko
ta BL21 xdtrapa mov mepiéyovv to mutant h.BAFF oe éva diho. Avamtoén oe Odiopo
otadepnc Ospuoxpasiog otovg 37°C Yo 16 dpeg.
MEPA 2
Emloynq povig amowkiog amd kdabe tpuPiio kor emmoon oe Sml LB Opertikod pécov
(opmuiAdivy(100ug/ml) kou yYAopapeevikon (35ug/ml)).
MEPA 3
1. 5ml g mpo-kadiépyelag petopépovial o 200ml LB vypod Bpentikod péoov e
TPOCONKN  OUTIKIAAIVIG Kot YAopapeowvikoing. Endaocn g wodiiépysiag (pe
avédevon otovg 37°C, otic 225 rpm yio. 2 dpEC.
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O1 kalépyetec petapépoviar oe Oepuokpocio dopatiov (~25°C) yua pio dpa. H
avadevon cvveyiletat.

[Tpoctnkn IPTG oe telikn cvykévipoon 100uM. Xvveyileton 1 avddevon yo 4-6
wpec 10 PéYoTo oe Bepuokpacio dopotiov. Avamtuén g koAlépyeog pe to IPTG
YU LEYOADTEPO YPOVIKO OLAGTNLO UTOPEL VO OONYNGEL GE GLUGCMOUATOUATO K TNV

AdLVOIO OTOUOVMOONG THG TPWTEIVNG.

4. dvyoxévipnon tov Paxmmpiov otic 3.300 rpm ctovg 4°C oe 504p1a falcon yia 20min.
5. ATopdkpuven Tov LIEPKEILEVOV.
6. Emavadidivon tov pellet oe tedkd 0yko 11,25ml Bacteria Buffer, to omoio mepiéyet
12l protease inhibitor (1000x) kot 120l PMSF 100mM (teAwcd 1mM).
7. TIpooOnkn 1,25ml 10% triton (telkd 1%).
8. Metagpopd otovg -80°C Yo 16 dpec.
MEPA 4

© a k~ w N oE

10.
11.
12.
13.
14.
15.
16.
17.

Ta falcon petagépoviot and tovg -80°C o610 véuTdLOVTPO GTOVG 37°C.

Mol Eemaydoovv TpootiBetan 1,25ml bacteria buffer + 10%Sarcosyl (telkd 1%).
Metagopd kot i otovg -80°C.

AoV Toy®GovV Ta. KOTTOPW, 6T0 VdATOAOVTPO otovg 37°C.

Enavéinyn tov fnudtov 3 ko 4.

Sonicate 4 @opég yio 30sec (on the 6" floor, setting:5, ). Ta falcon QPIVOVTOL GTOV
nayo yoo 1min votepa amd kabe sonication.

Duyoxévrpnon otig 11.200rpm otovg 4°C yia 15min. To vrepkeipevo peToPéPETAL GE
universal ka1 oo ket pe giktpo o 15apt falcon.

Y¢ 3 tubes mpootibevtar 100A  glutathione-sepharose beads «o1 1ml
1xPBS+10%Triton.

Kok avapeién.

duyoxévrpnon ota 500g otovg 4°C yia 3-4min.

AmopdKkpuven Tov VTEPKEIEVOL.

Emavainym 2 eopéc ta frparto 9-12.

[TpocOnkn tov beads ota falcon.

Metagopé tov falcon ot poléta otovg 4°C yio 2 dpec.

Duyoxévipnon ota 500g stovg 4°C yia 4min.

Amopdkpuvon Tov vTePKEIEVOL.

[TpocOnkm 10ml Lysis Buffer.
78



18. Amopdkpovon Tov vIEPKEILEVO.

19. Eravainym tov fnudtov 18 kot 19 diieg 3 popéc.

20. IIpooOnkn 10ml Precision Buffer.

21. ATopdkpouven Tov LIEPKEILEVOV.

22. Enavainyn tov fnuatov 21 kot 22 dAieg 3 popéc.

23. Ta beads petapépovton oe tube.

24. dvyokévipnon ota 500g otovg 4°C yio 10sec.

25. TIpooBnkn 200A Precision Buffer ko 3\ Precision ota beads kot petagopd tovg ot

poléta otoug 4°C yio 16 dpec.

MEPA 5

o > 0w N

dvuyokévrpnon ota 12.000rpm stovg 4°C yio 10min.

AmopdKkpuven Tov VITEPKEILEVO.

[TpocOnkn 100X Precision Buffer kat avédevor| tov yia 20min.

duyokévrpnon ota 12.000rpm otovg 4°C yio 10min.

YvAhoyn tov vrepkeipevoy og kavovpylo tube.IlposOnkn 50X Precision Buffer ko

avadgvon yuo Smin.

6. Duyokévipnon ota 12.000rpm otovg 4°C yio 10min. TvAloyr| tov vepkeinevoy g
Kawvovpyto tube.

7. Ta dvo Khdopato tov elution petapépovion oe dialysis bags kot e 1L Erlenmeyer
mov mepiéyet 1L 1XPBS otovg 4°C pe avddevon.

MEPA 6

1. To mpwi arrdaletar to 1L 1XPBS.

2. To amdysvpa cvAiéyeton N Tpwteivn. Yotepa amd T QOTOUETPNON TG TPOTEIVIG,
npootifetar 80% glycerol ce telikd dyko 10%.

3. Amoffkevon otoug -80°C.

2.14.1 TIpocoroplopos 6VYKEVIPOGIS TPOTEIVIS pe v néBodo Bradford

H pébodoc Bradford eivon pia ypopotopetpikn pé€Bodog mov ypnoioroleitat yio Ty ypnyopn

TOGOTIKOTOIN o™ Tp®TEIVOV. Basiletor otnv adlayn Tov ¥pOUATOS TOL OVTIOPAGTNPIoL, dTaV

deopevetonr pe mpoteiveg. Otav deopevtel, vmdpyet (ol dpeon oAloyn g HEYIOTNG
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amoppoenong amd 465 oe 595nm pe pio TOLTOYPOVN OAAGYT] TOL YPOUOTOS CE WITAE
(Bradford 1976).

H dwdikacio mov axorovOnke sivor n €€Ng:

1.

© 0k~ w N

[Tpoetowaocio Tov draAdpotog Bradford(avaroyia 1:5 oe H20). IIpogtopacio tov
standards pe mpwteivi) BSA yvomotig ouykévipmong yia Ty dnuiovpyio e TpoTumng
KOUTOANG KOl TOV DVTOAOYIGHO TNG CUVOMKNG TPOTEIVNG TV TTPog e€ETaon
derypdrwv.

Endaon yio 15min.

Métpnon g ontikng amoppdenong ota S95nm.

Anpovpyio g TpATLANG KOUTOANG Y=0+pX, 6mov y=ug kot X=0D.

Ymoloyiopog TV g GUVOAIKNG TPOTEIVIG 6Ta. SElYLATA.

Téhog, vroroyileTon To TAiKo ™G TocOTNTOG TG TpwTeivng TRAP mpog v
GLVOMKT] TOGHTNTO TPOTEIVIG 6Ta delypaTo dGTE vo Tpocsolopicbel ) dpactikdtTa

(mocdtra mpwteivnig TRAP) avd pg delypatog (6OVOAO TPOTEIVAOV).

H dwadikacia mov akorovdnOnke amartel to £ENG LAKA:

Avéivpo Bradforfd (Biorad)

1xPBS

BSA 0,5mg/ml

[Tiéro 96 Bobpimv (Costar)

dotopetpo Molecular devices opti-max tunable microplate reader (Biotech

Equipment Sales)

2.15 HAekTpOo@OPNON 0 TNKTOUA TOAVAKPUAQULSIOU
(Polyacrylamide Gel Electrophoresis, PAGE) kat avooco-
otvmtwpa Western (Western Immuno - Blot)

2.15.1 Hiektpo@opnon pe 6mdékvro Oetiko vatpro (Sodium dodecyl sulfate,

SDS) 6 mikTtopa rolvaxkpviapdiov (SDS-Polyacrylamide Gel

Electrophoresis, PAGE)
H SDS — PAGE (SDS — Polyacrylamide Gel Electrophoresis) givot pio 1€0080¢ dtoympiopod

TPOTEIVOV pe Paon to poplakd toug Papoc. Yo v emidpacn MAEKTPIKOV (POPTiov Ot

TPOTEIVEG KIVOOVTOL 0100 HEGOV TOV TOP®V €VOG TMNKIOUOTOS TOAVOKPLAGUOIOL e
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OLLPOPETIKN TayvTNTO M KAOE pic, avaAoyo pHe TNV NAEKTPOPOPNTIKN TNG KIvNTikOTNTa. H
mpooOnkn SDS kot dAA®V omodlotaKTIKOV Tapayovieov Omwg 1M P-pepkomtootfovoin
eEac@ailetl 0Tt o1 dStoy®PLOUEVES TPOTEIVES KIVOUVTOL GE ATOSATOYUEVT] LOPPT], ONAAOT ™G
povinpn evbuypaupo morvmentiola. EmmAéov 1o SDS mpoodidetl éva otabepd ava povada
pnalog Tov TOAVTENTIO0L APVNTIKO POPTIO LE AMOTEAEGLA TOL TOAVTETTIOW Vo dtoympilovion
pe Péon to poprakd Toug PApog Kot Oyl Kot T0 GoPTio TOVG.
Metd 10 Sl ®PIGUO TOVG, TO TOAVTENTIOW UETAPEPOVTOL OO TO TNKTOUO GE HEUPPAvN
vitpokvttopivig (Western blot) oty omoio oty ocvvéyeia epapudlovior dadduata
AVTICOUATOV EOIKOV Yoo To kdBe moAvmentidlo mpog aviyvevon. H 0éon 1ov KaGOe
TOAVTENTIOON TPOG OVIXVEVOT] ONMTIKOTOLEITOL [E TN YPNON OVIICOUATOV GVIEVYUEVODV UE
Kémoro £vELO TO 0010 KATAADEL Lo XMUKT avTidpaot Tov Tapdyel GG Kol TO TUPOYOUEVO
onua aviyvevetol pe v oAdoimon eotoypoaewol ¢iip. To popiakd Pdapog tov kdbe
aviyvevdevoy moAvmentidiov mpocsolopileTar pe Paon v avaivon evog detypotog deiktn
(marker) pe moAvmentidio yvmotov poplakod Bapovg (Fermentas).
H dudtaén mov ypnowyomomnke frav ekeivn g katakopveng acvveyovg SDS — PAGE
onAadn 1o mAKTOUO omoteAeitor amd dvo péPnT To MAVE HEPOS, ONAOON TO TKTMMO
ovcompevong (stacking gel) o omoio eivar younAng cvYKEVIPOONG TOAVAKPLAOLLSIOD KoL
EMTLYYAVEL TI] GLCCMPELCT TOV SEIYUATOS Y10 TNV OLOIOUOPPT OVAALGT TOV KaBMG TEPVAEL
070 KAT® uéPoc, dSNAadn oto TNKTOUa dtaywpicpov (resolving gel).
H dwdikaocio &xet og e&ne:
1. Zvvoppordynon g CLGKELNG
2. TIpostoyacio TOL SOAVUATOG TNKTMOUATOS S0 MPIGHOD Kol TPOSHNKN TOV GTO
KaAoLTL pLeETalD TV yudAvev tlapidv. Evbuypdauuon g emedveiog e mpoohnkn
pkpn ToodTog 1womponavoine. Exdacn 30 min, otov TdyKko yio TOAVUEPIGHO.
3. Amopdxpovon wwompomavorng kat EEmivpa pe dH20.
4. TIpocHnkm S10AVUATOC GVGGMPEVOTG KoL EWOIKNG XTEVOGS Y10l TO CYNUOTIGUO
anyodidv. Endaocn 30 min, otov mhyko yio moivuepiopo.
5. TomoB£non INKTMUATOG 6T GLGKELT] NAEKTPOPOPNONG KO YELUGHA TOL doyElov pe
StAv o NAEKTPOPOPNOTG.
Kotd t didpreto Tov moAvUEPIGHOD YIVETOL 1] TPOETOLUAGIO TOV TPOTEIVIKAOV OEYLATOV MG
e&nc: 100-200 ng mpwteivng apardvovtor og 5 X loading buffer kaw dH20 péypt telikod
6ykov 20 pl. To detypota Oeppaivovrar oe mAdxo 0éppoavong 100°C, 3 min, kot petapépovrat
QUEGMG OTOV TAYO. LT GUVEYELD POPTOVOVTOL GTO THKTOLO KOl AVOADOVTOL LE EPOPLOYN

téong 90 V.
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Resolving Gel (12 %)

30% Acrylamide (Applichem, #A0951) | 4ml

1.5M Tris pH 8.8 2.5ml
10% SDS 0.1ml
dH20 3.3ml
10% APS 100l
TEMED 5ul

2Hvolo 10ml

Stacking Gel (4%0)

dH20 30.25ml
0.5M Tris pH 6.8 12.5ml
10% SDS 0.5ml
30% Acrylamide 6.7ml
XHvVoAo 50 ml

[Ma xéBe gel mpocBétovpe oe 2 ml drodvpatog 20 pl 10 %
APS xon 2 ul TEMED

2.15.2 Hiektpo@opnon o€ un 0w0d0TOKTIKES GUVONKES 6€ TNKTONO

nolvokpviapdiov (Native Gel Electrophoresis, Native-PAGE)
H nlexktpopdépnon mpwtelvddv oce U OMOONTOKTIKEG OLVONKES ©€  TNKTOUOTO
TOALOKPLAOLLSTOV £E0pTATOL OO TNV PUGIKY OLUOPP®ST Kot To PEYeBog ™G mpwTeivig Ko
YPTCLOTOLEITOL OTNV EOIKOTEPO GTIV HEAETN
H dwdwcacia £xel o¢ e&ne:
1. ZvvappoAidynon g CLOKELTG
2. Tlposgtoyocio ToOv SOAVUATOG TNKTMOUATOS S0 OPLIGHOD Kot TPOGHNKN TOV GTO
KOAOUTL HETAED TV YuaAvav tlapidv. EvBuypappion g empdveiog pe mpocstnkm
pikpn TocdTag 1oomponavorns. Exmacn 30 min, otov mdyko yio molvuepiouo.
3. Amoudxpovon weompomavoing kat EEmivua pe dH20.
4. TIpoocHnkn SloAdUATOG CLGGMOPEVLONG KOl EWOIKNG YTEVOAG Y10, TO GYNUATICHO

myoadidv. Endacn 30 min, otov wdyko yio moAvpuepiopo.
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5. TomoB&tnon TNKTOUATOG 6T GLGKELT] NAEKTPOPOPTONG Kol YEUGLLO TOV doYElOV pE
StdAv o NAEKTPOPOPNOTG.
Kotd m didpreta Tov ToADUEPIGHOD YIVETAL 1] TPOETOLAGIO TOV TPMOTEIVIKAOV OELYLATOV (G
e€nc: 100-200 ng mpwteivng apardvovtor og 5 X loading buffer ywpig SDS kot dH20 péypt

tehkov 0ykov 20 pl.. N cvvéyeia POPTOVOVTUL 6TO THKTMLLO KOl AVOADOVTOL UE EPAPUOYN

tdong 80 V.
Resolving Gel (8 %)

30% Acrylamide (Applichem, #A0951) | 2.6ml
1.5M Tris pH 8.8 2.5ml
dH20 4.75ml
10% APS 100l
TEMED 5ul
2Hvolo 10ml

Stacking Gel (4%0)

dH20 30.25ml
0.5M Tris pH 6.8 12.5ml
30% Acrylamide 6.7ml
>Hvoro 50 ml

[Ma xéBe gel mpocBétovpe oe 2 ml drodvpatog 20 pl 10 %
APS xon 2 ul TEMED

2.15.3 Metagopd (transfer) kor Avoco-otvmopa Western

1. To mixtopa doywpicpob tomobeteital ot O1dTaln HeTaPopds LETAED TECTAPMOV
dmOntikdv yoptioy Whatman kot katdAniov ondyyov. And v mAevpd g
KkaB0d0v TomobeTeiTON PIATPO VITPOKVLTTAPIVIG TAV® GTO THKTMLO, GTIC OOGTAGELS
TOV TNKTONOTOG (5 X 8 cm).

2. H d1dtaén tonobeteitan ot cvokevt| petapopds ppantilopevn o dtdivpa
HETOPOPAG Kal OAN 1 cuokeLN] TomobeTEITON GTOV TTAYO.

3. Metagopa, 110 V, 1h.
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4. Eppdntion g pepuPfpavng o ddivpo mapepnodiong (blocking) 1 x TBS (5% daroyo
yéla) eite og 1 X PBS (5% BSA, 0.1 % Tween-20), 2 h, 6gppokpacio dopatiov, vwo
avadevon.

5. ITIpoto avticopa apotopévo oe didAvpa mopepmodions, 4 0C, OAn m voyta, vItod
avdéogvon.

6. Eémlopa pepppavng eite 1 X 5 min og TBS €ite 3 X 10min og PBS (0.1 % Tween-20)
avaAoyo Le To StaAvpa TOPEUTOOIONG TOV (PN CUYLOTOONKE.

7. Agbtepo avticopa apoiouévo o dtdAvpo mapepmddione, 1 h, Oeppokpacio
douatiov, vd avadevon.

8. Eémloua pepppavng eite 5 X 5 min og TBS gite 3 X 10min og PBS (0.1 % Tween-20).

9. Epgdvion: H ka0 pepPpdvn epPoantiletor oe dtdhvpo epedviong kot enwdaleton ~1
MIN TPOGTATEVOUEVT] OTTO TO PWC. LT GLVEXELD KAAVTTETOL LUE LEUPPAVT] GEAOPELY
ko ektifetar og eup (Fujifilm Super RX, #47410 19236).Z1tn cuvéyeto o QAN
eupamntilerar Sodoykd o€ didAvua eppaviong (developer) (Sigma, #P7042) kot og
dtddvpo povipornoinong (fixer) (Sigma,#P7167), Eendéveton oe dH20 kan
GTEYVAOVETUL GTOV OEPQL.

To avticopata Tov ¥PNGYLOTOMONKAV KOt Ol OVTIGTOYES APULOGELS TOVS POIVOVTOL GTOV

TVOKOL.

Avticopa (anti-) | Kiovikotnta |[poundsvtiic |Apaiooen |Awdiitng |Asdtepo avricopa (anti-)

anti-GST IToAvkAovikd 1:1000 1 xPBS rabbit

Biotin mu. RANKL | Movoxlwviké | eBioscience) 1:1000 1 xPBS rabbit

mu. RANKL TolvkAwviké |R&D Systems |1:1000 1xPBS |rat

Hum,RANKL IMoAvkAwvikd |R&D Systems |1:1000 1 x PBS goat

Hum, TNF Iolvkhwvikod | Prof.Wim 1:1000 1 x PBS rabbit
Buurman

Hum,BAFF HolvkAmvicd | Peprotech 1:1000 1xPBS goat
Santa Cruz

Actin IMoAvrkAwviko . 1:1000 1xPBS goat
Biotechnology

Rabbit 19G - HRP Vector (U0215) | 1:2000 1x PBS

Goat 1gG - HRP Vector (U0215) |1:2000 1 x PBS
Southern

Rat 1gG - HRP Biotech (1030- |1:2000 1 xPBS
05)
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Awiopota
Ot doivteg nrav 1 X PBS (5% BSA, 0.1 % Tween-20)

Avghopa niektpoodpnong (Tris-glycine electrophoresis buffer)

25mM Tris, 192mM Glycine, 0.1% SDS .

Avgiopa niektpoedpnong yro Native-gel (Tris-glycine electrophoresis buffer)
25mM Tris, 192mM Glycine,

Avglopa petoopds (Transfer buffer)
25mM Tris, 192mM Glycine oe 1 L 20% pebovorn og dH20.

Awdhopa @opToeng 5 x (loading buffer)

[No mopoaokevn 15 ml stock avapryvbovrar: SDS 1.5 g, 1 M Tris pH 6.8 3.75 ml, umke g
Bpopopavorng (Sigma, #114391) 0.015 g, Glyrecol 7.5 ml, ddH20 péypt ta 15 ml. Ipwv
ypnon mpootifetar 50 pl B-peprantooa®avorn (Sigma, #M7522) / ml buffer

Awalvpo @opTmong 5 x (loading buffer)-Native gel

INo topaockevn 15 ml stock avapryvbovrar: 1M Tris pH 6.8 3.75 ml, umhe e popopatvoing
(Sigma, #114391) 0.015 g, Glyrecol 7.5 ml, ddH20 péypt ta 15 ml. TIpwv ™ ypnon
npootibetar 50 pl B-pepramroabovorn (Sigma, #M7522) / ml buffer

Awadvpa gpeavieng (ECL solution)

Stock solutions:

Luminol (Sigma, #A8511) 250mM ce DMSO (Sigma, #472301)

Coumaric acid (Sigma, #C9008) 90mM ¢ 100 % EtOH

Hydrogen peroxide, 30%

Tris—HCI, 2 M, pH 8.5

Mo «éBe eppdvion moapackevalovial epéoka To KATmOl dtodvpato 1 Kot 2, avapryvoovton

Ko oto piypo epPoantiCeton n pepppdvn.
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Awdiopo A Awdiopo B

Arddopa Oykog  |AdAivpo Oyxog

ddH20 2.33ml |ddH20 2.375 ml

2M Tris-HCI pH:8.5[125 ml  [2M Tris-HCI pH:8.5 125 ml

Coumaric 11 ulL Hydrogen Peroxide,30% | 1.5 uL
Luminol 25 ul >0volo 2.5 ml
YOvoro 2.5 ml

10 % APS: (Ammonium persulfate) (Applichem, #A2941, 0100) ce ddH20

TEMED : N, N, N’, N’ tetramethylethylenediamine (Fluka, #87689)

Yvokevéc Western blot equipment

Tpopodotikd cuokeLNS NAeKTPOPOPTIONG Ko petapopdg (Biorad, PowerPac Basic)
Yvokeun niektpoeopnong (Biorad, Mini-Protean Tetra cell)
Tvddwve tlapua-korovmio (Biorad, #1653308)

2.15.4 Xphon tnkropatog (Coomassie staining)

H pébodog mov ypnoyomomOnke mepthapavel To mopokat® VAIKE!
e Coumassie R-250 (SIGMA)

e Destaining Solution

I'o 1000ml
Acetic acid | 50ml
Methanol 100ml
dH20 850ml

H dwdwacio mov axorovOnke sivor 1 €€Ng:
I. Ta tloo mov mePEYOLV TO TMNKIOUO HETOPEPOVTIOL O OOYelo ToOvL TEPLEXEL
electrophoresis buffer kot pe tpocektikd tpapnyue EEKOALAVE.

2. Amo to miktopo apopeiton o stacking gel,
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3. To mKTOUO pPeTaQEPETAL 6E dOYEI0 TTOVL TEPIEYEL TNV YpwoTiky Coomassie kot exmalovue
ywo. 15min vd avdadevon.

4. Amopakpovetan 1 ypootiky Coomassie kot mpootifetar n avaykaio Tocdtnta Destaining
Buffer ®ote vo koAOTTEL TO TAKTOUO KOTA TNV AVASELOT TOV.

5. Otov 10 mMiKTOHO €€l TOV €MOLUNTO ATOYPOUATIOUO TomobeTeiTOol TAVD G€ 3 YopPTLd
Whatman, xeAdmteton pe pepfpdvn kot oteyvavetal oty cvokevr Thermo Savant Speed Gel
povtéio SG210D.

2.16 CROSS-LINKING
2.16.1 Cross linking - Hiektpo@opnon

To DSS, (disuccinimidyl suberate), eivar évag un Prodiucndpevog Kot damepatds otV
KUTTOPIKY HEPPpbvn Tapdyoviag mov oynuatilel apdikods deGpovg yapn o€ pio evepyn
opada opivng- N-vdpocvnrextpytidio (NHS) eotépa mov mepiéyer oe kdbe dxpo evodg
Bpaylova dSwymprot pe 8 dtopa dvBpaxa. Ov NHS eotépeg avtidpolv pe mpwrtotayeig
apiveg og pH 7-9 oynuatifoviag otabepovg deoovs apdiov, pe TavTdpPOvVn ATOdEGIEVOT)
ploag  opdoag  N-vdpoSunmiektpiudiov. Ov  wpwteiveg, ovumepiapfovopéveoy  Tov
OAVTICOUATOV, £YOVV YEVIKO OPKETEC TPMTOTAYEIS apiveg Onwg otV TAELPIKY dAVGIdN NG
Avcivng kot To N- tehkd dxkpo oe kdbe moivmentidio mov givor dbEécipor mg otdyol Yo
dacTavpovpevn avtidpacn cvvdeong (cross-linking). To DSS dioldetan og opyavikd Stodd
6nwg DMF 1 DMSO kot mpootifetar o€ avtidpaon dactavpovpevns covoeong (Partis et al.
1983).
H pébodog mov ypnoyomomOnke tepthapufavel Ta mopokiTe® LAIKA:

1. TInkr Holvaxporiapiong (resolving gel 12% - stacking gel 4%)
2vokevn kaBeNS NAEKTPOPOPNONG
Tris-glycine electrophoresis buffer
DSS (50mM)
DMSO
Tris 500mM PH 7,5 (loading buffer)
Heat block
1XPBS

O N o g B WD
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I'e 1L 10x PBS
80g NaCl
29 KCI
11,59 Na;HPO,
29 KH,PO,
AvépeiEn NaCl kou KCI
Avapeitn Na;HPO,4 ko KH2PO4

Avapei&n Olwv

To PH npénet va givar 6.8

Amooteipwon

Amobrjkevon og cuvOnKec dopatiov

1. Ovapordoeig ota detypato TV TpoTeivav yivovrol pe dtodvtn 1XPBS.

2. 2ta detypota mpootifetar DSS kot otovg paptopeg DMSO. "'Yotepa and kol avédevon
agnvovtal ylo pio opa o€ Oeppoxpacio dmpatiov.

3. Hapaockevaleton to tranfering buffer to omoio amodnkevetar oTovg 4°C péypt TV Gpa OV
Ba xpnoomonOet.

4. Apo¥ mepdoet 1 pia opa wpootifevrar 2ul Tris-HCI 0,5M PH 7.5 og kdbe deiypa kot
enmoon ywo. 30min.

5. Xto delypata mpoobétovpe Loading buffer 10X xou petagépovion oe heat block otovg
100°C yio. 3min.

6. 1 cvokevn Tpootifetan | anapaitntn mocotnto electrophoresis buffer.

7. T delypaTo OPTAOVOVTOL GTO, TNy AOLOL.

8. K\eloo kamakioh g cLGKELNG Kot EQOPLOYN pedpoTo otabepng taong 120V.

9. IapaxorovbdVTag TO UETOTO NG YPOOTIKNG, N EPOUPHOYN PEVUATOS GTOUATO OTOV T

YPOLLUT CVTH) TANGLAGEL TO KATMO UEPOS TV TLODV.

2.17 ANOZOINPOXPO®HTIKH ANAAYEH ETEPEAY GPATEQY
ME XYNAEZH ENZYMOY (ELISA)

H p1é6060¢ avocompospopnTikng avdivong otepedsc gaons pe ovvoeon evOOUOV EMAEYTNKE
Yoo To TEWPAPOTA TPOCIOPIGHOD TNG IKOVOTNTOS TPOGOECNS TOV  OVOGLVOLUCUEVOV

TPOTEWVAOV GTOVG AVTIGTOLYOVS VTTOJOYEIS TOVC.
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H pébodoc mov ypnoipomomOnke meprtlopuPavel To TopoKaT®m LAKA:

o [Tlootikn TAdka tov 96 Bobpiwv (nunc plates)

Coating Buffer

I'ia 500ml Coating Buffer
0,636g Na,CO4

1,172g NaHCO3

dH20 £w¢ ta 500ml

To PH npénet va givar 9,6

Wash buffer

1xPBS
0,05%Tween20
dH,0

Blocking Buffer

3% Albumine from bovine
serum (BSA)

1xPBS

0,05%Tween20

dH,0

Avticopa: Goat anti-Human 1gG Fc-HRP (1mg/ml)
Phosphate-Citrate Buffer 0,05M

"o 500ml

3,659 NayHPO,
2,56g Citric acid
dH20 éw¢ ta 500ml

Developer Buffer

To PH npénet va givon 5.0

6ug OPD
10ml 0,05M Phosphate-Citrate Buffer
6},l| HzOz
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2N H,SOq4

H dwdkacio mov axorovOnke sivor 1 €€ng:

1.

9.

Mia mhaotiky) mAdka pe molhd PBobBpia kodvmtetonr pe 100ul/Bobpio g mpwTeivng
wild type BAFF ka1 mutated BAFF ce cvykévipoon 3ug/ml. Ataddtng eivan 1o
Coating Buffer.

Yotepo and 16 dpec endaon otovg 4°C, yivetan mhvon tov mdtov pe Wash Buffer.

[TpocOnkn 150ul blocking buffer ota Bobpia tov mdtov kot endact| Tov yo. 1 dpa o
Beppokpacia dwpatiov.

2y ®po oot €TOUALOVTOL Ol aPAIDGELS TOL VTTOdoYEN oL Ba ypnciponombovy. O
SLAVTNG oV Ypnoomoteital yuo Tig aparnoelg ivan 1XPBS, 0,05%Tween-20.

MoMg mepdoest 1 ®pa TG enmdacng, yivetor mivon tov mdtov pe Wash Buffer,
npooOnkn 100ul omd v katdhAnkn opoioon oe kabe Pobpio ko exmdaon yo 1,5
wpa og Beppokpacio dopatiov.

¥t ovvéyela, yivetar mAvon tov matov pe Wash Buffer, mpoocOHnkn 100ul tov
avticopatog Goat anti-Human IgG Fc-HRP og apaioon 1:1000 ota Bobpia kot

enmaon v 1 dpa og Beppokpacio dopatiov.

"Yotepa, yivetar tAvon Tov mdtov pe Wash Buffer (x3).

[Mapackevn Developer Buffer (to H;O, mpootifetar televtaio, Aiyo mpwv v
eneavion.) kot tpobnkn 100ul og kabe Bobpio.
H avtidpaon otapatd pe mposdnin S0ul H2SO4.

10. dotopétpnon tov mdtov ota 490nm.

2.18 Aoxiun) RANKL emay®eVC 06TEOKAAGTOYEVEGTC ATIO

MPOSPORA KUTTAPA TOV HUEAOD TWV 0CTWV

H doxyun emoyoyng ooteokioaotoyéveong amotédece pio péBodo agoddynong g

opaoctikotnrag ¢ petariayuévng RANKL kobac kot véov avactoréwv g RANKL péocwm

a&1oAdyNoNG TG TAPEUTOSIGTIKNG TOVG EMIOPACT|G GTOV GYNUOTIGUO 0GTEOKAUCTMV.
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2.18.1 ATTOpOV®WOT KOL TPOGSLOPLENOG apLlOoy KUTTAP®WV TOU HUEAOV
TWV 0GTWV ATO LAKPA 06TA apoevikwv C57/Bl6

H dwodwcacio mov akoAovOnOnke eivorl n e&ng:

1.

2
3
4.
5
6

10.

11.

12.

[Mapackevn tov complete medium a-MEM: 10% FBS, 2mM Glutamine, 5000U P/S.
Emloyn apoevikdv moviikiov ayptov tomov C57/BI6 2-3 umvov.

Bavatwon movtikav pe CO,,

Aogaipeon TV LOKPOV 0GTMOV TOL TOVTIKOD.

Koboptopoc tov Hokpdv 06TV amd T0VG LOEGS.

Me Beldva dropéTpov 271/2g dlovolyovtol omég oV MEPLOYN TG UETAPLONG TOV
HOKP®V OGTOV.

Me pion oOpryyo tov Sml yivetar eEdOnon tov KLTTAP®V TOV HVEAOD TOV 0GTHOV
Kol emovadidAvon tov KUTTOPIK®OV GUGCOUATOUATOV (GYNUATIGUO OMO10YEVODS
KUTTOPKOD  OLOPTLATOG), OKOAOVOWS QIATPAPOVUE TO KULTTOPIKO OLOPMLUO Kot
petapépovpe og falcon towv 15ml.

Y& kovovpyla oepa falcon tov 15ml npocbétovpe 6ml Tov Tapdyovta KLTTOPIKNG
Khaoudtoong Ficoll-Paque. AkolovBwg mpocbitovpe v mocdTTO TOV KLTTAP®OY
GTAYONV-0TAYONV OGTE Vo UV ovapeyBovv ot 600 PACELS Kol GUUTANPOVOLUE . a-
MEM 6pentikd péco mote 0 tehMkd Oykog vo gtaocetl ta 14ml.

duyokévrpnon otia 1000g yia 21min otovg 22°C. Idwitepn mpocoyn npénel vo 500l
omVv emrtdyvvon Kol TNV emPpadvvon G @uyokévipnons,(pvbuifoviar oto
punyavnua dtvovtag tiun 1) n omoia mpémetl va etvor TOAD younAn @cte ot PAGES Vo
unv avapeyovv.

210 T6A0G NG QuYoKEVTPNOoNG Ba mpémel var elvarl gvdidkpin pio BoAn evoidpeon
QAo OVAULESH OTN GACT NG OWKOANG Kot Tov Opemtikod péGov, GTO O0moio
TEPEYOVTOL TO TPOOPOUO LOVOKVOTTOPO. ZEMAvpo TV Kuttdpov pe IXPBS kot
QLYOKEVTPN OGN TOVG Yo Smin.

Emavadidivon tov kuttdpov oe 4ml a-MEM, kot tpocOétovpe 10ul o kébe pepid
TOV OLUOTOKVTTOUETPOL OTOV YIVETOL LETPTOT TV KVTTAPWOV GTO HKPOGKOTLO.
YmoAoyopog tov optfpod Tmv KuTTdpov HEGH TOL TOTOL (UEGOG Opoc apldudg

KUTTAP®V G€ £vol LEYAAD TETPAY®VO) X apaimon X 10*.
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Megyalro teTpaymvo

S

H pébodoc mov epapuootnke amontet tor eENG LAKA:

Opentikd péco a-MEM (Gibco)

Opo guPpdov pooyov (FBS) (Gibco)

IMovtapivny 200mM (Gibco)

[Mevikihivn / Ztpertopokivn 10000U/ml (P/S) Gibco)
Ficoll-Paque (GE Healthcare)

DPBS 10x (Gibco)

Aywyo kabstng vnuatikng pong Bioair instruments safeflow 2
Beldva dwapétpov 271/2g (BD Medical)

Yopryya tov 5ml (BD Medical)

®idtpo 70um Nylon (BD Falcon)

Falcon tov 15ml (Sarstedt)

duyoxevrpog eppendorf 5810R (Eppendorf)
dvyokevtpog Heraeus Labofuge 400 ( Thermo Scientific)
Awartoxvttopetpo (Bright Line)

2.18.2 Aokiun péow RANKL emay @ pPEVIIC 0GTEOKAXGTOYEVEDSTG Kot
xpwon-TRAP

H dwodwcasio mov akoAovOnOnke eivar n e&nc:

I[MPOTH MEPA

1. Zembro 1oV 96 Pobpinv otpdvovpe 6-10%k0TTapa ot TeAko dyko 100 pl amd o
SIAV LA KUTTAPOV.

2. A@nvovue vo TPOGKOAANGOLV T KOTTOPO TNV EMLPAvEL TOL Bobpiov pe endaon
otovc 37°C - 5%CO..

3. TIpoetoacio Tov a-MEM Bpentikod pécov dtapopomoinons-rapepndoIcng tov
nepiéxetl 25ng/ml MCSF kar 40ng/ml RANKL pe v avtiotoyn emtbount telkn

GLYKEVTPMOT AVAGTOALQ.
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4. Tlpo-emmdaocm Tov Openticod pécov dtapopomoinonc-rapepmddiong otovg 37 °C yo 1
opo.

5. TpocBétovpue 100ul amd to péso dapopomoinonc-tapepnddiong oe kabe Bobpio pe
KOTTOPA.

6. Endaocn tov tpddpopnv Kuttdpov yio Stapopomoinon otovg 37°C - 5%CO;.

TPITH MEPA

1. TIpoetoasciotov ppéokov a-MEM Openticod pésov dapopomoinong-mapeundiIong

nov meptéyetl 25ng/ml MCSF kar 40ng/ml RANKL pe v avtiotoyyn emtbounty

TEMKT] GLYKEVIPOOT| AVOGTOAEC.

2. Tletdpue 1o vepkeipevo amd kabe Pobpio mpoceKTIKA MGTE Vo un S1atapaEovLE To
KoTTOpo kot Tpocshétovpe 200ul pe to Ppéoko Bpentikd péco dapopomoinone-
TOPEUTOIOTC.

3. Endoon tov kuttdpov 6tovg 37°C - 5%CO,.

I[MEMIITH MEPA

1. Tpogtoaciatov ppéokov a-MEM Bpentucod pécov dapopomoinong-mapepnddiong
mov mepéyel 25ng/ml MCSF «kar 40ng/ml RANKL pe v avrtictoyn embount
TEMKY] GUYKEVIPOOT OVOGTOAEC.

2. Tletqpue to vepkeipevo amd Kabe Pobpio TPOcEKTIKA MGTE Vo Un S1aTapaEOVLLE TO
KOTTOpo kot Tpocshétovpe 200ul pe to Ppéoko Bpentikd péco dapopomoinone-
TOPEUTOIOTC.

3. Endoon tov xuttdponv ctovg 37°C — 5%CO,.

EKTH MEPA

1. Tletdpe to Opentikd péct ko mAévoupe ta kuttapa pe IXPBS

2. TIpocBétovue 50ul/Bobpio fixative solution yio v poviponoinon Tov KuTTdp®V
Endaon ywo 1min.

3. Zémivpa pe 200ul/well 1XPBS.

4. TIpocBétovpe 100 pl/Bobpio TRAP sraddpartog kot exmdacn yio 10-15min otoug
37°C.

5. Tetdpe 1o dtdhvua TRAP kot mpooBétovue 200ul dtodvpatog 50% Glycerol oe
1XPBS ywo ) v dtoethpnon Tov KVTTapmy.

6. DOTOYPAPION TOV TATOV GE LKPOGKOTLO AVAGTPOONS PAoTG.

H péBodog mov axorovdOnie amattel To e&NMg vAKE:

Opentik6 péco a-MEM (Life technologies)
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e Mouse M-CSF (R&D Systems)

e Human RANKL (Peprotech)

e DPBS

e Fixative Solution: 6,75mM Citrate, 65%acetone, 2,96%formaldeyde (Acid
Phosphatase, Leukocyte (TRAP) Kit 387A-1KkT — Sigma)

e TRAP Staining Solution: 1,25mg napthol, 75mM acetate, 0,1g tatrate, 0,7mg fast
garnet, 1,38mg sodium nitrate (Acid Phosphatase, Leukocyte (TRAP) Kit 387A-1kT —
Sigma)

e 50%Glycerol in 1XPBS

¢  Enwoaoctikdc Odrapoc Series 11 3110 Water-Jacketed CO2 (Thermo Forma)

e [lidro 96 BoBpiwv (Costar)

e Aywyd kabetng vnuatikng pong Bioair instruments safeflow 2

e  Mikpookomio avaoctpoeng edong Nikon eclipse TE300 (Nikon)

2.18.3 lIpostopacia avactoréwv Tov RANKL o€ Sokipég
00 TEOKANGTOYEVEDTG

H Jdwhivtomoinon tov jymuikov esvoocewv-ovactodéov ¢ RANKL oe  mepdpata
ooteokhaotoyéveong éyve oe 100% DMSO (D2650-SIGMA). Oleg o1 ynUIKEG EVOOELS
avdroyo Tov SPD-304 mov dokipudotnray £6e1&0v tkavomomTikn dteAvtotnta 6to DMSO ko
oV ouvvéyelr mpoemwdotnkoav Yy 1 opa pe v mpoteivn RANKL og mepdpata
ooteokilaotoyéveonc. EmumAéov, vmoloyiotnke m teMkn ovykévipwon tov DMSO og
TEPARTE 00TEOKANGTOYEVEGNS Vo, Unv vtepPaivel o 0.1% (oto péco dapopomoinong Tmv

TPOJIPOU®Y KUTTAPOV).

2.19 Aokiun SpactikotnTag ooteokAactwyv (TRAP activity

assay)

H dwodwcacio mov akoAovOnOnke eivar ) e&ne:

ITPOTH MEPA

1. e mdro tov 96 Pobpiov otpdvovpe 6-10%kiTTapa ot TeEAKS dyKko 100 pl omd To Siéhvpa

KUTTOPWV.
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2. AQMvovpe va TPOGKOAANGOVV T KVTTAPO GTNV EMPEVELD TOV BoBpiov pe ETDHOCT GTOVG
37°C - 5%CO;.

3. Tlpoetopacio Tov a-MEM Bpentikod pécov d1apopomoinons-rapepndoIong Tov TEPLEYEL
25ng/ml MCSF xoi 40ng/ml RANKL pe v avtictoym emibountn teAkn cuyKEVIpmon
OVOGTOAEQL.

4. TIpo-emdaomn Tov Openticod pEcov dlapoponoinong-tapepunddiong otovg 37 °C yia 1 dpa.
5. TpocBérovpe 100ul oo to péso dapopomoinonc-tapepnddiong oe Kabe Bobpio pe
KOTTOPOL.

6. Enmaocn tov mpddpopmv kuttdpov yia Stopoporoinomn otovg 37°C - 5%CO,.

TPITH MEPA

1. [Tpoetopacioatov ppéskov a-MEM Opentikod pécov d1opopomoinconG-napeUTOINCNG
nov mepiéyetl 25ng/ml MCSF ko 40ng/ml RANKL pe v avtiotoym exiBountn telkn
GLYKEVTPMOT] AVUGTOAEQ.

2. [Tetdpe to vepkeipevo amd kdbe fobpio TpocekTikd MdoTE va pn dtotapdéovpe To
KOttapa kot tpocBétovpe 200ul pe ppéoko Bpentikd HEGO SLOPOPOTOINONG-TUPEUTOIONG,.
3. Endoon tov kuttdpov 6tovg 37°C - 5%CO,.

ITEMIITH MEPA

1. Eemlévoope 600 popég pe 1xPBS
2. Avon tov kuttdpov tpocsdétoviog 200ul Taywpévo 0,2%Triton X-100/pobpio.
Endaon yio 10min kot eEAagpid avadevon 6to evOldpuesco.
3. [Tpocbétovpe 180ul TRAP doddpatoc og 20ul kuttapikov exyvriopatog. Exdoon
y1a 30min ctovg 37 °C.
4. [MpocOnkn 50ul 0,5N NaOH yio teppaticpd g avtiopoong.
S. Métpnon g ontikng amoppdenong ota 405nm.
H dwdwkacio mov axorlovnOnke amaitel to eENG VAKA:
e Opentik6 péco a-MEM (Life technologies)
e Mouse M-CSF (R&D Systems)
e Human RANKL (Peprotech)
e DPBS (Gibco)
e Atdivpa 0,2% Triton X-100 in PBS
e Adivpo TRAP (100mM Sodium acetate, 9mM p-ntitrophenyl phosphate, 0,1M sodium
tatrate)
e 0,5N NaOH
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e Emwoompag Series 11 3110 Water-Jacketed CO2 (Thermo Forma)

e [Tidto 96 Bobpimv (Costar)

e Aywyd kabetng vnpatikng porg Bioair instruments safeflow 2

o  ®dwtouetpo (Molecular devices opti-max tunable microplate reader (Biotech Equipment
Sales).

2.20 Aok} To&ikoTNTHC HE avTiSpaotiplo MTT (MTT

toxicity assay)

H doxym MTT eivor poe péBodog pérpnong g Plocudttog tov KuTtapov Kot
ypnowonoteitor gite yoo €Aeyyo TOL TOAAUTAOGLOCLOV &ite Yoo OOKIUAGIES KLTTOPO-
to&womrag. To MTT elvar dhag tetpaloriov kitpvov ypopatoc. H dokipacia otn- pileton
TNV avay®yn Tov Kitptvov GAatog oty évoon formazan pmie ypopatos. H avoaywyn yiveran
Kuplwg 61O KLTTOPOTAUGLLO, EVED GE HIKPOTEPO PabId GTo ToyOV- dpla Kot GTNV KLTTOPIKN
peuppdvn. ‘Evlopa kot cuetatikd Tov KUTTAPOL TOL GUUUE- TEYOLV GTNV avoywyn elval to
NADH, NADPH, ptoyovoplokn ovay®ydon Tov cov- Kwvikod kot 1o kvtdypopo C. To
TPOIOV TNG avaywyns etvor vdpOPoPot KPHGTAAAOL LOSOVG YPDUATOS TOL OLAVTOTOIOVVTOL LE
opyavikovg daAvteg (m.y. oompomavoin, DMSO, 10% SDS, Nonident P-40, Triton X-
100)(Ferrari et al. 1990).

H dwdikacio mov akoAovdnOnke elvan n €ng:

I[MPOTH MEPA

1. Xe mdro twv 96 Pobpiwv otpdvovpe 1051<1')rwp(x og teMK6 O6yko 100 ul and 1o didAvua
KLTTAp®V.

2. A@Mvoupe vo TPOGKOAANGOLV Ta KOTTAPO GTNV EMLPAVELD TOL BoBpiov LE ETOACT GTOVG
37°C - 5%CO;.

3. Tpoetoasio tov a-MEM 0Openticod pécov diapopomoinonc-napeunddions mov TepLéyet
25ng/ml MCSF «ait v avtictoyn emtBount TEMKY GLYKEVTIP®GT] AVOGTOALA.

4. TIpocBétovpe 100ul omd to péco dapoponoinonc-napepnddiong oe kabe Bobpio pe
KOTTOPO.

5. Endaon tov npddpopav kuttépov otovg 37°C - 5%CO;.
TPITH MEPA
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1. Apaioon tov mokvod avtidpactnpiov MTT oe tehkn cvykévipoon 0,5mg/ml pe a-
MEM.

. Amoudxpovon tov Opentikov pécov kat Tpostnkn 200ul avtidpactipio MTT.

. Endoon tov kuttdpov ya 2 dpec otovg 37°C - 5%CO0s,.

. Amoudxpovon tov droAvporog kot tpocstnkn 200ul DMSO.

. Avédevon ya 2-3min.

2
3
4
5
6. Métpnon g onTIKng aroppodPnong oo S50nm.
H dwodwcasio mov akoAovOnnke amortel Ta €€1G VKA

1.  Opentikod péco a-MEM (Gibco)

2. Mouse M-CSF (R&D Systems)

3. Avtpoomipro MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
5mg/ml (Sigma)

4. DMSO (Sigma)

5.  Enwactpag Series 11 3110 Water-Jacketed CO2 (Thermo Forma)

6. ITidto 96 Pobpimv (Costar)

7.  ®otopetpo Molecular devices opti-max tunable microplate reader (Biotech Equipment

Sales)

2.21 ALayelpLOT) TIOVTIK®V

Olec o1 dwdwkacieg mov mepteAdpfPavay ypnon mepapatolowv glyav v £yKpion Kot
TpOayHoToTomOnKay He auotnpn tpnon tov odnylev g Idpvpatikng Emrponng @povridag
kor Xpnong Ilewpapoatolwov tov E.KE.B.E. «AAEEavopog DAEpLy»,(apBuoc £ykpiong
No0.466) kabdg emiong kot v &ykpion g ['evikng AevBvvong Aypotiknrg Okovopiog Kot
Kmnviatpkng tng [eprpépetog Attikng (apBudc tpotokdiiov 1167/08-03-2012).

Ta movtikie mov ypnowomomnkav oteydlovtay oty Hovadd TEPOUATOLO®Y  TOV
E.KE.B.E. «A\é€avopog DAéyk» oe eminedo SPF (Specific Pathogen Free). O koxhog
@wt6g okotadtov Ntov 12 h (07:00 — 19:00), n vypacia peta&d 50 - 60%, to entTpentd OpLo.
Oeppokpaociog petatd 21 — 24 oC kar ywo tov e€aepiopd mpaypatomolovvioy 10-12 arlayég
agpa kabe mpa. . Tpoen kot vepd tovg mapeyotov ad libitum. H tpoen ftav o popen pellet
g Katwdt cvotaong: 19 % mpoteivn, 5 % Aimoc. To vepd Ntov ekelvo TOV SIKTVLOVL TNG

EYAAII omv meproyn g Bapng.
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2.22 Atayovidiaka {wa

[TpounBevtirope tov avlpomvo yevouatikd khovo BAC pe kmdoikdé RP11-86N24 amd v
etarpeio ImaGenes, oe popon Poaktnpraxodv stabs. O eopéag BAC fitav o pBACe3.6. H
dwdwkacio aropovoong DNA and BAC khovoue Paciletor oty péBodo ¢ aAKoAMKNG
Mong (Poulsen 2004). H dwdikacio amoudévoong BAC DNA mepthoufavel ta mopokdto

oTao:

1" MEPA

Ta Baktripia E.coli mov eépovv tov avBpomivo yevopatikd kKAavo BAC kaAiliepyndnkav og
oteped Opentikd pe avtifrotikd emhoyng (35 pg/ml yropapeavikoin) etovg 37°C.

2" MEPA

Tnv enduevn pépa €yve emhoyn Hoving amowkiog kot ELPOAACTNKE GE VYPN TPOKAAMEPYELL
tov 10ml otovg 37°C v 18 dpec.

3" MEPA

Tnv emopevn pépa éywve guPorlooudc 500ul e mpokariiépyelog o 200 ml vyprg
kaAMépyetog LB kot endaomn otovg 37°C v 14 dpec.

4" MEPA

1. Tnv emopévn pépo mpoywpnooue oe amopovoon tov BAC DNA.Ta 200 ml tng
KoaAMépYelog popaoctnkav og 4 falcon tov 50ml ko guyokévipnon otig 3.500rpm yia 30
AEMTA GTOLG 4°C.

2. Tletque 1o vmepkeipevo ko emovadiolvovpe 1o kKabe Paktnplaxd pellet oe 8 ml P1
OtoAdpaTOG.

3. Axorlovbmg mpocBétovpe oe kébe falcon 8 ml P2 dadduatog ko avaperyvoovue (Ztnv
@aom ot 0éLel oA edapld avadevon). Exdaon yia Smin. o Oeppokpacio dopatiov.

4. Metd mpocbétovpe pe moAd mpocoyn 8 ml amd to P3 didAvpa kot kavovpe moAd erappild
avAoELON TAV® KAT® UEYPL Vo, dAAAEEL G AGTPO YpdOUO TO dtdAvpo. AQvovue 6ToV TTdyo
v 1 opa.

5. ®vuyoxévipnon otig 3.500rpm yia 30 Aentd 6TOLG 4°C.

6. Metagpépovpe 10 vepkeipevo (mepimov 20 ml) oe véa cepd falcon agov mponyovpévmg
t0 OombOnoovpe péca amd AmOoTEP®UEVY] YAl ®DOTE VO OTOUAKPVVOLUE KLTTOPIKA
OLOPNLLOTA.

7. AxoloObwg oe kabe @laridio tomov falcon mpocBéovpe 24 ml mayopévn 1compomavorn

KOl OVOLLLELY VOOV UE EAQPPLAL.
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8. dvyoxévipnon otig 3.500rpm yia 30 Aemtd oTOLG 4°C.

9. Tletdpe TO VIEPKEIUEVO KOl EMOAVAPVYOKEVIPOLUE Y10, CLVTIOUO YPOVO (OOTE V.
APALPECOVLE TNV EVOTOUEIVOVGO IGOTPOTAVOLT).

10. Eemiévoope to DNA pe 70% oBavorn ko emavadioivovope to DNA og 0.25 ml TE
pLOoTIKOD droAvpaToG Yo 10 Aemtd o€ Beppokpacio dwpatiov.

And avtd 10 6Tdd10 Ko petd ypnowomotovue kouéva tip dote vo unv vrdpyst kivouvoc va.

ondoovue o DNA

11. Avé 2 gukidro. tomov falcon petagépovpe to DNA (ovvoro 500ul) oe @laridio tov 1.5
ml.

12.TlpocBétovpe oe «dBe @uorido 500ul  @oawvorn/yropoeodputo. TToAd mpocekTikd,
OVTIGTPEPOVLE TO PLOALO0 8 POoPES Yo KA avapeltn kot uyokévipnon otig 13.000rpm yio
5 Aemtd.

13. Metagpépovpe 10 vepKeilevo o€ vEO OLOAO10 Kot enovorapdvovpe v dtadtkacio Tov
Pruatoc 12 diieg 600 popéc.

14. Metagépovpe 10 LIEPKEiNEVO o VEO @uoAidto kot mpocsbétovpe 500ul SraAdpotog
YAOPOPOPLIOVL/1G00HVALKOD. TToAD TpocekTiKd avTioTpEPOLUE TO PLOAISIO0 8 POPES Yo KON
avauelEn kot puyokévrpnon otig 13.000rpm yia 5 Aemtd.

15. Metagépovpe 10 vmepkeipevo o€ véo @uoAidlo kot mpooBHitovue moyopévn 100%
afavoln vy coumikvoon tov DNA . «Papevovpe» to DNA pe yvdiivn mumétto Kou to
Eemhévoupe pe 70% oaiBavorn. Aenvovpe va oteyvooet To DNA kot 1o petapépoope vo
enavaddei o ddH20 yia 12 dpeg otovg 4°C.

5" MEPA

1. To amopovouévo BAC DNA (Ew. 2.21A) (190 ul) vméotn méyn pe 1o éviopo Notl

GUUPOVA LE TNV KAT®OL avTidopao.

BAC DNA 190 pl
10 x buffer 25 ul
Notl 15 ul
100x BSA 2.5l
ddH20 17.5 ul
Tehxodg 6yKog 250 pl
Endaon 37°C, 3-4 dpeg
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2. H avtidpaon akorobOmg avaivdnke oe mktoua 1% ayopolne (Biorad, #162-0137) e
niextpodpnon oe TarAdpuevo niektpikd nedio (Pulsed field electrophoresis, CHEF-DR 11
SYSTEM BIORAD-gw6va 2.20).

Ewova 2.20. Zvokev niektpo@ipnong mailopevov niektpikoV mediov CHEF-DR Il SYSTEM 1ng
BIORAD

3. Ot ovvOnkeg tpeCipatog oe MOAAOUEVO NMAEKTPIKO TEdio TOL akoAovOncoue @aivovtol

TOPUKATO:

YuvOnKeg TOAAOUEVOL NAEKTPIKOD TEDIOVL

NAEKTPOPOPNGNG
Initial switch time 5
Final switch time 10
Téon (voltage) 4V/cm
Xpodvog Tpe&ipatog (dpeg) 18-20
PuBuotikd dwivpa niektpopdpnons | 0,5X TBE
B¢ppokpacio 14°C

4. "Eva evOeIKTIKO TPEEILO LETA TNV NAEKTPOPOPNON € TAAAOUEVO NAEKTPIKO Ttedio paiveTal

otV ewova 2.21B.
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Not1(3) RANKL GENE NotT (200734) 48.5 wem

75.4kb 32.6kb 92.7kb
HUMAN RANKL BAC CLONE

200740 bp

— 8732

436 m—

Ewova 2.21. O khdvog BAC mov ypnoipomomidnke kou Ta tpoiovia wEyng Tov pue 1o EVEUpHo TEPLOPIGHOD
Notl. (A) Zynuatiky ovamapdotacn tov KA@vov. Ot oplovtieg povpes yYpopupés Ko o aptBudc dnAdveL to
pnkog tov tufuatog oe kb. (B) Iéyn tov kA@vov BAC kot avdivon pe PFE. Ag€ud ta mpoidvta méyng,
apiotepa o deiktng DNA (New England Biolabs, Low Range PFG). Ot apiBpoi dniamvovy prkoc og kbp. H {ovn

v ~9000 bp avtictoyel otov popéa.

6" MEPA

1. Xm ovvéyewn evromiCovpe v 0éom tov BAC DNA kot kdvoope g&oywyn tov Tunudtov
TNKTORATOG oyopdlng toco ekeivov mov mepiéyel to RANKL 660 kou gkeivov mov mepiéyet
povo to DNA tov  @opéa (vector) (Ew. 2.21A-B).

2. TomoBetovpe 11 600 AwPidEg TOV TNKTOUATOG Yo pOiNng e KOTAAANAO TPOGOUVATOAGLO

péca o€ pio PKpn cvokevn opllovIlog NAEKTPOPOPNONG OTMG PAIVETOL TNV EIKOVA 2.22.
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4% Ayapolns yopnrov
onpeioov Tiéng

Ewévo 2.22. Zynpotiki omeikovien g odtaing nMAEKTpo@opnons Tav 600 AOPIdOV ANKTORATOS
ayapolng pécaoce 4% ayapoln yopnrot onpeiov ™ENC. Awxpivovtal ot dVo Awpideg TNKTOHATOS oyapding
n npd ond 6e€1d mov mepEyel to yevopatikdé DNA pe to huRANKL (1) kot o dgvtepo to DNA tov popéa

).

3. Etrowalovpe 100ml 4% oyapdlng youmiod onueiov t™ENG Kot TO UETAPEPOVUE UEGOL
OTNV GLOKELT] OPOVTIOG MAEKTPOEOPNONG DGTE VO KOADWOLUE TIS VO AMPIdEg TOV
TNKTOUATOG ayapOlng. Aprvoupe va &N T0 TKTMLL.

4. H mlextpopdpnon mpayuoatomoteiton oto. S0KV vy 14 dpeg otovg 4°C. Yxomdg g
ddkaciog nAekTpo@opnong eival va «petovaotedoey 10 DNA and 1o 1% mktopo kot va
ovykevipwbei (stacking) oto 4% mnktdpatog yopnrov onpeiov Téng (kabe 3 mpeg 1o DNA

davoel 3cm).

7" MEPA

1. Tnv emdpevn nuépa e&ayovpe pia mepoyn and to 4% MNKTIOUATOG YOUNAOD onpeiov
™Méng (omue kbPov) oto omoio €xel cuykevipwbel To DNA kot to petagépovpe o€ QLoAidI0
tov 15ml yio e€locopdmnon oe 12.5ml TENPA Sidivpa yio tovAdyiotov 1.5 dpa.

2. ZINV GUVEYEWD UETOPEPOVIE TO. «KLPAKIOY TOV 4% TMKTOUATOS oyapolng GTOvG 65°C
Yo 3Min. ®oTE Vo MMOGEL TO THKTMLLO.

3. Kavoupe &va ypriyopo spin kot enodlovpe Eavé to «kvfikion otovg 65°C emmhéov 10
min.

4. Meta@épovpe T0 MOUEVO TNKTOUN GTOVG 42°C ywo. Smin. kol oTtnv GuvEXELD
npocOétovpe  (2units/100ul Mopévov mmktodpatog) P-ayapdon (NEB-stock  lunit/pl).
Endaon otovug 42°C v 3 Opeg.

5. Metd v endaon agnveton To Mouévo tnktopa pe 1o DNA og Bepprokpacio dmpatiov

ywo. 10min - kot wapatnpodue 0TL dev Tpémet vo. THEEL.
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6. dvuyoxévipnon yio 10sec. ko1 GAAEYOLE TO LITEPKEIEVO amoPevyovTag va. Tpafnéovpe
vroAieipota ayapoing.

7. Mertagépovue 1o BAC DNA mavo og dikég pepppaveg «dialysis» (dapétpov 0.05um-
Millipore) vy avtoddaynq Tov pLOUGTIKOD SOAVUATOS  GE OLIAVUO  UIKPOEVYYVOTG.
Aopnvovupue va yivel to «dialysis» yia pia dpa o€ Oeppokpacio dwpatiov.

8. XvAréyovpue 1o BAC DNA petd to«dialysisy wor tpéyoope 2, 5 wor 10 ul oe
NAEKTPOPOPMNON TOAALOUEVOL Ttediov Yia va eAEyEovpe TV moldTNTO Kot TNV TOGOHTNTO TOV
BAC DNA.

9. To BAC DNA mov amopovobnke ypnotllomomOnke Yo [UKPOEVEGEIS GE TPOTVPNVES
YOVIHOTOMUEVOV ®wopiov. Ot KPOEVEGELS TPOYUATOTOONKAY 0T povada dlayéveons Tov
E.KE.B.E. «AA&éEavdpog DAEULYIOR.

AwAdporta
I'a 12.5ml TENPA npocbétw 125ul 100X didivpa moivapivng (Polyamine).

Mo 5ml droddpartog pikpoévyyvong tpocbétm 125ul 100X didlvpa moivauivng (Polyamine).

(Tehkn Zvykévipoon 30uM Zrepuivn and 70uM Zrepuidivn)

TENPA Buffer Avdivpo Mikpoévyyveng, Amocteipmon
ue eiktpo 0.22um
50mi 50mi
AM Tris-HCI (pH 7.5) 500ul 10mM M Tris-HCI (pH 7.5) 500ul 10mM
0.5M EDTA (pH 8.0) 100ul 1 mM 0.5M EDTA (pH 8.0) 10ul 0.1mM
5M NacCl Iml  100mM 5M NaCl Iml  100mM
H,O to 50ml H,O to 50mi

1000x Polyamine Stock: Amooteipmon pe ¢idtpo 0.22um, 56.110ml

Spermine tetrahydrochloride 0.5869 30mM
Spermidine trihydrochloride 1g 70mM
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P1 (filter sterilize, 4°C) 250ml

1M Tris-HCI (pH 8.0) 12.5ml 50mM
0.5M EDTA (pH 8.0) 5ml 10mM
H,0 to 249.75ml

Amooteipoon pe eiktpo(0,25um)
[Tpwv Vv ypnom Tov dAVHTOG TPOGHETM:

100mg/ml RNase A 0.25ml 100ug/mi

P2 (61 amooteipwon, opéoko kdOs ©opd)

10N NaOH 1ml 0.2N
H.O to 47.5ml

20% SDS 2.5ml 1%
P3 (amooteipwon, 4°C) 250ml
Potassiom acetate 73.6g 3M

H.O to 200ml

Glacial Acetic Acid 27.5ml

H.O to 250ml

O apBuog aviypdowv tov drayovidiov mpocdlopiomnke pe ypnon gPCR (PAéme evotta
2.22.4) ypnowomowwvtag DNA ovpdg and movtikie TGhuRANKL xot WT  adépora.
Xpnowormombnke éva Cevydpt ekkivntov mov vPpwdiler oto yoviolro RANKL t6c0o tov
avOpdOTOL 0G0 KOl TOL TOVTIKOV. Q¢ yovidlo avapopdg Asrtovpynoe to HUR, éva mupnvikod
yovido. Ot popég petaporng (fold change) peta&y tov TghuRANKL kot tov WT derypdtov
moAamhacidotnke ent 2 (Bewpeital o 10 gvdoyevég RANKL vrdpyel og dvo avtiypaga)
Ko amd TV T T agopédnke n tiun 2 yio vo TpokOyEL 0 amdAvtog aplOpnog avtryplepmy

tov RANKL.

Exxwntig Akoiov0ia

CommonRANKL-F 5-ACCTGTACGCCAACATTTGC-3’
CommonRANKL-R 5-CTTGGGATTTTGATGCTGGT-3’

HuUR F 5’-AGG ACA CAG CTT GGG CTA CG-3°
HuR R 5’-CGT TCAGTG TGC TGATTG CT-3°
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2.23 T'ovotumiki) Avaivon

2.23.1. Aropovoon yevopukov DNA amd ovpéc TovTik®v
1. TomoBétnomn g kopuévng ovpdg tov {dov mepinov 0,3cm oe ddeto eppendorf 1.5ml.
2. TIpocBnin 400ul «drédvpa yio ovpécy kat 2 pl dtodvpatog tpwteivaong K.
3. Emwoaon 6An ) viyta og vdatdorovtpo 55 oC.
4. Tnv emopevn pépa: Evrovn avapiEn yio 10 devtepdienta yuo vo dtadvOel n ovpd.
5. IIpocOnim icov ykov SLHADLATOG PUVOANG:YADPOPOPLIOV  IGOAUVAIKNG OAKOOANG
(25:24:1) kou évrovn avauén yo 5 Aemtd.
6. Duyokévipnon oe 12000rpm ywo 10 Aemtd.
7. Metagopd g vdaTvng eaong o€ tompomavorn (290 ul) yio v katakpipvion tov
DNA.
8. EAaopid avépuén kot «ydpepa» oo DNA pe khetot oty akpn yvaivn miméto Pasteur.
9. Eppdantion DNA Swdoycd oe 70% war 95% abavoin (4-8 popéc).
10. Aopnveror m mméta va 6TEYVOGEL 6TOV aépa Yo 10 Aemtd.
11. TomoBétmon ¢ mmétag péca og Eva eppendorf tov mepiéyet amootelpmpévo ddH20
(~100 pl) yio tepinov 30 Aentd dote va dtodvbei to DNA.
12. AmoBnkevon otovg 4 1 -20 oC.
AwAdpata
e «Adivpa yio ovpécy: 0.05M Tris, pH 8.0, 0.1M EDTA, 0.1M NaCl, 1% w/v SDS
o Ilpwteivaon K (Roche) : Atdhoua stock 10 mg / ml 6 50mM Tris pH 8.0

2.23.2 Ahvcrdmt avtiopaon morvpepaong (Polymerase Chain Reaction,

PCR)
' T yovotdmmon (genotyping) tov 6vo dioyovidiokdv TghuRANKL ceipov

TPOYLLOTOTTOONKE 1] TOPAKATO OVTIOPAOT):

YvoToTIKA Avtiopaong ‘Oyxog (ul)
DNA exuayeio 1.0
10x PvOotikd Ardivpa PCR (Taq buffer) 2.0
dNTPs mix 1.5
MgCI2 (stock, 25 mM) 1.8
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Exkwntrg Forward kot Reverse (huRANKL),10pmol/A 1.0/avé exkivnt

Exkwntig Forward kot Reverse (mu.RANKL),
0.3/avé exkivn

0.5pmol/x
Taq DNA molvpuepdon 0,3
ddH20 10,8
Telkog 6YKog avTiopaocng 20

AwAopara

Taq Buffer 10x: 500mM KCI, 100mM Tris-HCI pH 9, 1% Triton-X

dNTPs mix: Invitrogen (#10297-018) (2.5 mM stock)

Exxivntég

To Levydpt ekKivnTdV TOL YPNCILOTOMONKE NTOV OXESIAGUEVO £TGL MOTE Vo LPPLdilel povo
oe oAnrovyio. tov huRANKL. "Eva devtepo (evydpt ekkivntdv Yo to yovidio mu.RANKL
TOV TOVTIKOV Ypnoipomotinke ywo v cbvleon dedTEPOL TPOIOVTOG TOV AELTOVPYOVGE MG

BeTcdg LapTLpOg oL TNV EmtTLYio TG AVTIOPACTG.

Ovopo Exkivnti Axoiov0ia
Human RANKLF 5-TCTTCAACTAATGGTGTACG-3’
Human RANKLR 5-TCTACAAGGTCAAGAGCATG-3’
Mu.RANKL F 5’-AGGAGCTCCAGGTAACTATG-3’
Mu.RANKL R 5’-GGCAAGGTAGGGTTCAACTG-3’

YVOKEVEG

KvxhoOeppuonomtig (C1000 Thermal Cycler, Biorad)

2.23.3 Hiektpo@opnon 6 TKTONO ayopoing

H niextpopopnon voukAeivikov o&éwv oe miKtopo oyopolng elvar o péBodog
SY®PIoUOD aVTAOV TOV popiov kot Pociletol 6NV JPOPETIKY TOYLTNTO LE TNV OOl Ta.
HOPLoL VOUKAEIVIKOV 0EEMV S1opopeTikol peyéBovg kivohvtol pEGH amd TOLG TOPOVS TOV
TNKTOUATOS ayopolng, vid v emidpaocmn epapurolopevov niektpikov mediov. H katevbuvon
Kivnong tov vOukAEIVIKOV o&émv gival Tpog TV kaB0d0 KaBdTL givar apynTiKd EOPTICUEVA
puopa eEottiog TV eOGEOPIKAOV opadmv mov dtubétovv. H cuykévipwon g ayoapoling oto

mKTopo kabopilel Kot T Soy®PIoTIKY SOLVATOTTO TOV TNKTOIATOG.
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HapaoKeun 1oV TNKTONATOC ayopotne 1-2% (w/v)
Apaioon 250ml dwidpotog 10 X TBE oe tehkd Oyko 1500ml (1x TBE) pe dH20.

[TpocOnkm 2.5-59 (avdroya pe v emBount) cvykévipwaon) ayapolng (yia niektpoedpnon
povtivac: Agarose Basic, Applichem, #A8963). Omov og kovikn GoAn mov mepéyet 250ml
tov dwAvpatog 1X TBE kot d1dAvon g péxpt va yiver dapavng (mepimov 5 Aemtd) e
0épuavon o610 @ovpvo pIKpokvUdTOV. TOvtoun yoEn tov SwAvpotog, mpoodnkn 20 ul
SoAdpatog PBpopovyov afdiov kot edaeptd avaulén. TomoBétnon tov SAVUOTOS GTO
expayeio (tray) pe tic xtéveg (Yo To oYnUATICHO TV Tyadidv) Kot yoén oe Beppokpacio
dopatiov péypt va otepeonmombel mANpwg 10 kT, TomobBétnon Tov TKI®UNTOG 6T
GLOKELT NAEKTPOPOPNONG, 6TNV omoia iyxe oM tomobenOel To drdlvpa niektpoedpnong (1x
TBE). IlpoocOnkn é&yypopov odwAdpatog katafvbiong orange G oto dwivue ToV
VOUKAEIVIKOV 0EEMV Ko KaAY avadevon pe mmetdpiopa. ®optowon 10 ul tov piypotog ota
nyadia Tov mKToOpotoc. Eeappoyn taong 100 — 120V yia ypovikn didpkeio avarloya pe 1o
gldog v derypatwv mpog avdivorn. dotoypdonon oe Aduma UV kol amofrikevom og

NAEKTPOVIKO VTTOAOYIOTY.

AwAlonota
TBE 10x: 323.49 Tris, 1659 Boric acid, 27.99 EDTA og telko6 6yko 3L pe ddH20.

To dhopa avtd Exet avtdépota pH = 8.0.

Bpopovyo adidro: 1g / 100ml ddH20

Ayapoln (Applichem)

OrangeG (Adivpua katafvdiong): 40159 Sucrose og 80ml ddH20,axoAo00w¢ TpocOfkn
200mg OrangeG. Tehwdg dykog 100ml.

VOKEVEG
Tpogodotikd BIO-RAD

2vokevn niektpoedpnong OWL
Yootmua eotoypaenong pe UV (Alpha Innotech, Alpha Imager-Mini)
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2.24 Avalvon €k@paocnc o€ emimedo mRNA

2.24.1 Amopoveon omkov RNA pe ™ pé0odo ovpiog / yAoprovyov Abiov
O\ n dwdwoaocio Tpoyuatomoleitaol Pe WOWHTEPT) TPOGOYN YO OTOPLYY HOAVVGE®V UE
RNdoeg, 6tov mdyo, Kat ot puyokeviprioelc otovg 4°C

1. Oavdtmon moviikov, Aqym ~100 mg otov, ypryopo Eémivpa o 1 X PBS, ypiyopo
OTEYVOUO OE OTOPPOPNTIKO YapTi, petapopd oe cwAnva eppendorf 1.5 ml kot axopiaio
mhyoua og vypd AlmTo PEYPL T GLAAOYN OAWMV TV IGTOV.

2. O xoTeyuYUEVOG 10TOG TomobETEITOL GE ATOGTEPOUEVO COANVAPLO pésa e 3ml kphov
dtaAvpatog 6 M Urea / 3 M LICI.

3. Opoyegvomoinon pe punyoviko opoyevoromt (Ultra-Turrax T25 Basic) og péyiot
TayOTNTO GE TAYO.

4. Xpnon vrepnyov yia 30 devtepdrenta pe pEYIoTn SOV GTO YO

5. Endaon otovg 4 0C 6An ) viyta ndve otov avokwnth (shaker).

6. Metagopd Tov opoyEVOTOMUEVOL VAIKOD 6€ dvo cmArveg eppendorf, 1.5 ml.

7. dvuyokévipnon otig 18300 g, 20 min kot awopdKpLVeN VIEPKEUEVOV.

8. Zémivua pellet pe Iml drodvpatoc 6 M Urea/ 3 M LiCl.

9. dvyokévipnon otig 18300 g, 15 min kot amopdkpvuven Tov VIEPKEILEVOV.

10. Emavodiaivtoroinon tov npotog og 200pl dtaivparog RNA-TES kot emavévmon tov
detyparog og évo eppendorf.

11. Exydvion pe 400ul dtoddpotog povoinc: yAmpo@opuion: 1I60apvAKnig oAkooAng (25:24:1)
Ko Evrovn avapelsn tov delypotog yio S Aenta.

12. dvyokévrpnon otig 18300 g, 10 min, oe Beppoxpacio dopatiov.

13. Metagpopa 360ul Tov vrepkeuévou oe véo cwinva eppendorf, ywpic va dtatapaydei
evolaeon eaon.

14. TIpocOnkn 40ul drodvporog 2M NaOAC kot 1ml 100% abavoing. Avaueién tov
delypotog ko endaocn, -20 0C, 2 h dpeg n OAn ™ viyTO.

15. dvyoxévrpnon otig 16200 g, 10 min, TpoceKTiKn ATOUAKPLVOT] OAOV TOV VITEPKEIUEVOD
Kol Tonofétnomn otov mdyo.

16. Eémiopa tov nuatog RNA pe 400ul staddpatog 70% obovorn.

17. ®vyoxévrpnon otig 16200 g ,10min

18. Amopdkpuveorn OA0L TOV LTEPKEIIEVOV KOl TOTOHETNON GTOV TAYO.

19. E&atuon draddpatog abavorng kat dtoeivtomoinon o ddH20.
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Metd v dtedvtonoinor akoiovbel mocotikoroinon tov RNA kot €Aeyyog TG Tot0TNTAS TOV

(BAéme emdpevn evotn ).

AwAdpata
ddH20 pe DEPC yia v g&ovdetépwon RNacodv: IIpoohnkn 0.1%

diethylpyrocarbonate (DEPC) (Applichem, #A0881, 0020) oe ddH20, avadevon 6An ™
viyta, Kot amooteipoon 20min yia v Kotaotpoer) tov DEPC.

RNA-TES

10mM Tris, ImM EDTA, 0.5%SDS, pH=7.6. Anooteipmon o6& antOKOVGTO Kol amobnkevon
o€ Oeppokpacia dwpatiov.

LiCl/ Urea

3M LiCl (Applichem, #A6286, 0250), 6M Urea (Sigma, #U5378) ce ddH20

Anocteipmon pe eiitpapiopa and ¢idtpo 0.22um ko awodfkevon otovg 4°C

2.24.2 Tloootkomoinon RNA —"Eleyyog ka0apotnTog KOl OKEPULOTITAS

H mocotwkomoinon tov RNA mpaypatoromOnke potopetpikd e ypnomn mg cvokevng Nano-
Drop ND-1000. Metd v apywonoinon (Initiation) tov opydvov pe ddH20
npaypatonoteitan undeviopog pe yprion ddH20 pe DEPC, dniadn to 10A0Tn Tov S1aADUATOG
RNA. Zt ovvéyewa ta detypato RNA potopetpodviot S1ad0y itk Kot ovTOUaTo o€ Tpio UK
xoparog: 280, 260, ko 230 nm. H ovykévipwon tov RNA mpocdopiletar and v
amoppoenon ota 260 nm. O Adyog 260 / 280 ypnowomoteitor yioo v a&loAdynom g
kaBapdtra tov RNA and DNA egvd o Adyog 260 / 230 ypnoytomoteitor yio v a&toAdynon
mg KaBapdtTog o€ oxéon Ue VTOAEIUPATO TPOTEIVOV, OAATOV, VOATOVOPAK®V Kol
OPYOVIK®V OIAVTAOV OTtmg 1 eauvoAn. Ta detypata exeiva pe Adyo 260 / 280 war 260 / 230
nePimov {60 N PEYIAVTEPO amd 2 ¥pMCILOTOONKAY Y10 TEPUITEP® OEOAOYNON aKEPALOTNTA
oe mKTopo ayopolns. o 1o okomd avtd 0.5 ug oo RNA avaivovior ce miKTOUO
ayopdlng 2 % to omoio &ivolr mOPACKELACUEVO KOWOVPYIO Yo ATOQLYY] HOALVONG e
RNdaoec. Xto delypota mov dev eivar amowkodounuévo dtakpivovtar ot dvo {dves tov

ppocopkod RNA kot évag aptOpuog aiiov Arydtepo dopbovov (ovav (Ewkova 2.23).
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Ewoéva 2.23. Avaivon ohkod RNA Me niektpopiépnon oe miktope ayepdlng 2 %. Awxpivetor otnv
wpoT Ypopun o ogiktng peyébovg kot mévte deiypata RNA otig vrdrowmeg. Ot dvo gotewvég (dveg mov
avtiotolyobv oto pifocopxd RNA eivar dwokpitég evd drokpivovior kot minbog dAev {ovav xauniotepng

potewoT TS, Ol aptdpof sivar oe bp.
2.24.3 XovOeon cDNA
1. Xg amooteipopévo cwoinva PCR 0.2 ml petapépbnkov 2ug olkod RNA kot tpootébnke
DEPC-ddH20 ywo va @téoet o tehkdg 6ykog ota 8pl.
. IpooBnkn 1ul and to didAvpa avtidpacng (reaction buffer) kot 1ul DNase (Sigma).

. Endaon yua 15 Aentd og Ogppokpacio dopotiov.

2
3
4. TIpoobnkn 1ul dtoddpartog teppotiopon (stop solution).
5. ®épuavon, 70 oC, 10 min.

6. Apeomn petagopd GTov TAYO.

7. TlpocOnkn 1ul ANTPs kot 1l (91 pmol) ekxvnn oligo d(T) 18 (New England Biolabs,
#S1316S).

8. ®épuavon, 70 oC, 10 min.

9. Apeon petagopd GTov TAyo.

10. TIpocO1jkn 2ul drodvpatog avtidpaong, 1ul Avtictpoeng Metaypapdong M- MLV kat
4ul ddH20 ®ote o tehkdg 0yKog TG avtiopaong va givar 20ul.

11. ®¢puovon, 37°C, 50 min.

12. ®@éppavon, 80°C, 10 min ywa anevepyomoinon evidpov.

"‘Evivpa/dwalopata

DNase, reaction buffer ko stop solution: amplification grade kit (Sigma, #AMPD1) M-MLV
Reverse Transcriptase kot dtdAvpo avtidpaong: (Sigma, kit #M1302)

TVOKEVEG
BioRad C1000 thermal cycler
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2.24.4 Tlocotiké PCR mpaypatikod ypévov (QPCR)

H PCR mpaypotucov ypoévov (qPCR) eivar por pébodog vy v mocotikomoinon MRNA
oTOYWV Katd TNV omoia 1 cvecmpevon TV Tpoidviwv s PCR petpiétal oe mpaypotikd
1povo, Kab’ OAn 1t ddpkela g dadkaciag evioyvone. v wpaén évag avaivtig (OCD
Bivteo wduepa), kotaypapel Ty dgvtepoyevr aktvoBoAio. @Bopiopuod mov ekmépmeTon amd
pia pBopilovoa opdda n 0Toio EVOMOUATMOVETOL GTO VEOGYNUATILOUEVO TPOTOV TG OVTIOPAOTG
PCR. H diéyepon ¢ @Bopilovcag opddag yivetor péow aktvoforiog di€yepong (cuvnbmg
povoypouatikn aktvoforio laser) n omoia exnéumetar mpog to delypo amd €101KN Avyvia, M
omoia meptiapfdavetar otn cvokevr. O peTpovpevos POBopIoUdS petprétan kot katoptiletan
éva Odypappa oyéong ebopiopod pe kokAo ¢ avtidopaonc. Emdéystar avBaipeta €va
KatdEA @Bopiopov kot £tol kabopiletar o KOKAOG 6TOV omoio M kébe avtidpaon £pbace
avTo 10 KatdeAL. Avtdg o kokhog ovoudletar CT (Threshold Cycle). H chykpion peta&d tov
CT 10v J0pop®mV OElYUATOV EMITPENEL TN GUYKPIOT TOV EMITEI®V £KOPOACNG TOL KAOE
YOVIOI0V-GTOYOV HETOED SLUPOPETIKOV KOTAGTAGE®MY (1., aypiov TOTOL — HETOAAAYUEVO)
epocov yaunidtepeg twég CT onuoaivouv vymAotepn apylk] UTpa Kot Gpo vymAdTtepm
£€Kepaon kot to avtiotpopo. H kdbe tiun kavovikoroleiton yio éva yovidlo avagpopdc. Emxiong
N wepoyn mov Ba wpaypatonomei n ovykpion tov CT mpénel va sivor ekeivn g ekBeTIKNG
@aong avénong tov mpoidvtog. Xpnowwonomdnke n cvykplrikn péBodog twv CT N aAludg n
pébodog 2-AACT (Schmittgen & Livak 2008).To kdfe (evydpt ekkivnTdv eAEYYETAL TPAOTA
OTL TOPAyEL Vol LOVOOIKO TTPOTOV TO 0010 QAiVETOL MG 0 LOVOOIKT OTOTOUT KOPLPT GTO
Starypappo dF/AT / Beppokpacio kot g o povadikn {ovn oe NAEKTPOPOPNCT GE THKTMLLOL
ayopolng. Xt cuvéyela TopackevLalovtat dtadoykES apatdoelg evog delypatog CONA 1:2.5,
1:5, 1:10, 1:25, 1:50, 1:100 xor mpaypatomoteiton gPCR ywo to yovidio o1d)0 Kot yio €va
yovidlo avapopdc kat vroroyiletan n amddoon g PCR yia to kabe Cevydpt kot n apaioon
exelvn mov avtictoel og exbetikn @daon avénonc. H amddoon g PCR mpémel va gival
kovtd oto 1.00 ko og kéBe mepintwon N Sapopd PETOEL TV dVo (evyapudv (GTOXOL Kot

avaeopdc) oev mpénet vo, vrepPaiver ) ke pio to 10 % g GAANG.

2N GLVEYE TPOYUOTOTOOVVTOL OWMAEC avTdpacels Yoo 1o kdbe Oeiypoa CDNA otv
EMAEYUEVT] 0POLMOT], Y10 TO YOVIOl0 OTOYO KOl Yot TO Yovidlo avagopdc, vroioyilovtal ot
Tipég CT yio 1o kaBe detypo kot 1o kébe Cevydpt ekkivnTOV ¢ 0 PEGOG OPOG TV OTADV
avtidpdoemv. To 1elkd amotédeoua ek@paletor o¢ @opéc uetaPornc ékepoong (fold

change) kot vroAoyileton pue Baon tov axdAovbo THmO:
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CDOpég HSTU«BO}\J;IQ: 2-[(Ct ot0y0¢- Ct avagopdc) deiypa A — (Ct otdy0c- Ct avagopdic) diypa B]

O)ot o1 VToAoYIGHOT KOt TO S1OYPALLILOTO TPOYUOTOTOWONKAV e YP1IOTN TOL AOYIGUIKOD TOL
Kotaokevaot). Xpnowomombnke n ovokev Rotor-Gene 6000 (Corbett) kot yu v
TPOYHOTOTTOiNoN TV avtidpdoemy 1o dtddlvpa SsoFast EvaGreen — Supermix (BIORAD) 1o
omoio TePEXEL OAM TO OOPUITNTA CLGTOTIKA Yo TNV ovTidopaocn PCR mAny tov ekkivntov. H

avtidpaon €xel og e&ng:

YvoToTIKA AvTiopaong ‘Oyxog (ul)
cDNA 1
Primer Forward 1
Primer Reverse 1
EvaGreen mix 5
ddH20 2
Telucog Oykog avtidpaong 10

To Cevydpt exkivntov avayvopilel 1060 10 avBpdTIVO 66O Kot TO TOVTIKIGLO LETAYPOUPO TOV
RANKL. Emiong, ypnowonoibnkav axoun 2 Cevydplo ekkivntdv mov  ovayvopilovv
otoyevpéva uovo to moviikioclo RANKL kot OPG. Qg yovidio avagopdc xpnoiomotonie

eketvo g P2-puikpoocearpivng.

Ovopa Exkivnm AkoiovOia
RANKL H+M F 5-ACCTGTACGCCAACATTTGC-3’
RANKL H+M R 5-CTTGGGATTTTGATGCTGGT-3’
Hu.RANKL F 5-ACGCGTATTTACAGCCAGTG-3’
Hu.RANKL R 5-CCCGTAATTGCTCCAATCTG-3’
Mu.RANKL F 5-TGTACTTTCGAGCGCAGATG-3’
Mu.RANKL R 5-AGGCTTGTTTCATCCTCCTG-3’
Mu.OPG F 5-CTTGCCTTGATGGAGAGCCT-3’
Mu.OPG R 5-TCGCTCGATTTGCAGGTCT-3’
B2M F 5-TTCTGGTGCTTGTCTCACTGA-3’
B2M R 5-CAGTATGTTCGGCTTCCCATTC-3’
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2.25 IotoAoyikt) avaivon
2.25.1 kivoon kol Tuon

Apéomg Petd tn BovAaTmOoTn ToL TOVTIKOD, aPapeiTal 0 16TOG Kol Tomobeteital € PopuaAivn
(vdatkd ddivua 4% WIV eopupardeiong, VWR) oe cowinva 1otoloyiog kot aprvetol 4 0C,
OAN N vOyta yro. TAnpn poviporoinon (fixation). Tnv emopévn o 1016 Eemdéveton o 1 X PBS
KoL apnveTal oto 1010 dtdAvpa uExpt TNV NUEPA okivoong (apuddT®moT Kot TopaQtvoroinon).
"o ™ okivoon o 1616 epPantiferor dadoyikd oty akOAovOn celpd SIOAVUATOV e XPNOT
totokwvérag: 70% EtOH 2h, 85% EtOH 1.5 h, 96% EtOH 3 x 1h, 100% EtOH 2 x 1h, &uAévio
2 X 45 min, mapaeivn 1 X 2h, kabopn wapaeivny 2-3 h, kot v emopévn eykleietol og pmAok
wapoeivne. Me 1 ypnomn pikpotoépov Aapfdavovtat topés miyovg 4 pm. Ot Topég amimdvoviot
omv empdvero, dH20, 45 0C yo Alyo Aentd Kot 6T GUVEXELD GLAAEYOVTAL GTNV EMLPAVELQ
YOOAAIVOV OVTIKEILEVOQOPp®V TAAK®V (SB) 6mov apnvovial vo 6TeyvdGouV TNV apyn C€
Bepun emedvela Yo HEPIKA AETTA KO GTN GLUVEYELD GTOV TAYKO, OAN TN vOyTa. Tnv gmopévn

01 TOUEG elval ETOLLLEG Y10 XPMOOT).

2.25.2 Xpaon Awpatoévrivig/Hmoivng

Amontapagivoen: eufdntion tov toudv 3 X 3 min og EvAévio 100%.

Evoodtmon: dwodoykn eupdmrtion tov Topu®v ota okéAovBo Stoddpoato  PEOOUEVNC
ovykévipwong EtOH: 1 x 2 min EtOH 100%, 2 x 2 min EtOH 96%, 1 x 2 min EtOH 70%, 1 x
2 min EtOH 50%, 2 x 2 min dH20.

Xpoon: eupantion topmv og dtdAvpo opatouiivng 1.5 — 1.75 min kot ot cuvéyela KaAd
EEmopa pe dH20 péypt mov var unv TopaTnPEitol OTMAELN YPOOTIKNG. XTN GUVEXELN Ol TOUEG
eupantilovrtar otrypaio og 6&wvn EtOH, Eemdévovion otrypiaio oe dH20 kan gpPomtiCovron 3
min oe didAvpo Scotch. AkoloObwg, Eemiévovtan otiypuaio pe eppantion oe dH20 xon
euPomtiCovtan otiypaio kot dadoyikd 5 X EtOH 50%, 5x EtOH 70% xot akolobbwc ce
dtdlvpo nooivng 2.5- 3 min. AkolovBwc ot topég Eemiévovtan o€ dpbovo dH20.
A@uddtmon kol kGAoyn: pe otrypaio epfantion ota akdAovba dtoivpata: 10 X EtOH 50
%, 10 x EtOH 70 %, 2 x 15 EtOH 90%, 20 x EtOH 100%, uAévio, 1 X 3 min {uAévio. T
ouvvéyeto, ot Topég koavmrovtal pe DPX mounting medium (VWR) kot kaAvrtpida Kot petd
OO HEPIKA AETTA TOL APNVOVIOL VO, GTEYVAOGOLV GTOV 0Epa vl ETOYLES Y10, TAPUTHPNON

GTO LWMKPOGKOTIO.
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Awglonota
6&wn EtOH: 70 % EtOH / 0.5 % HCI

dtdlvpo Scotch: 2g KHCO3, 20 g MgSO4 * 7 H20 ¢ 1 L dH20

LVOKEVES

Iotokwvéra (Pathotec, Techno-TECL)

INo eykleopnod og pmhok napaeivng (Medite, TBS88, Paraffin Embedding System)
Miukpotopog (Leica, RM2125RT)

Ydatorovtpo (Leica, HI1210)

Mikpookomo (Nikon Eclipse E800)

2.26 Mikpotopoypa@ia vmAnc Atakpttikng avaivong (uCT

analysis)

H avdivon kot 0 mocoTikog YopokTNPIGUOS TS HMKPO-0PYITEKTOVIKNG TOV UOKP®OV 0GTOV
KaBdg Kot Tov Sov 6TOHVELAOL NG OGPULIKNG HOIPOS EYVE LLE TNV XPNON UIKPOTOUOYPEPOV
vynig avaivong Skyscanl1172 uCT scanner tng etoupiog Brucker-microCT (BéAlyio)
(Ew.2.24). H Boaocwn apyn ™g pikpotopoypapiag ompiletor oty ypnon oxtivov X pe
GOPMOON €VOG AVTIKEILEVOL OOV Kataypapetol 0 Badudg amoppdenong piag 0EoUnG axtivav
X o€ évav KOTOypoQED LE OMOTEAEGUO VO €ivol dvvaTi] 1 TPLGOACTOTY OEKOVIOT Kot

pHétpnon g dopng.

Ewova 2.24. ATgikovion pikpotopoypdeov vyning dwekprrikig avaivong Skyscan1172 nCT scanner
(Brucker).
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Ta mieovekTUaTo EVOG HKPOTOUOYPAPOV €0TIALOVTOL 6TV VYNAN YWOPIKT avaAvcT evog
OVTIKEYWEVOD TTOV POAVEL 6Tl SUM, evd dgv ypetaletarl Koppioo TPOoETOLOGior TOV SElyOTOg

TPV TNV GAPWOOT).

2.26.1 I[IposTolpacia Astypdtmy yla apwon

H mpoetopacio tov detyudtov meptAapuBdvel TV amopovmoY TOV HOKPOV 0GTOV Kol TOV
oTovOUA®Y TG 00eVLIKNG poipag (L1-6). Ewdikotepa, £ytve eaywyn TOV LOKPOV 0GTOV AT
TOVTIKLOL KO 0LPAIPEST) TOV HLMV TOV EMLPVOVTOL TAVE® OTO 00TA. AKOAOVOWS, LETAPEPOLLLE
T0 0670 € YAl Omov mponyovpévag xet epPantiotel o ddivpa 0.9% yAwprodyov vatpiov
Kot QUAAGGOVTOL GTOVG -20°C. Tv idia Sroducosio axolovBovpe emiong yio TNV amopdvmon

TOV GTOVOLAW®V TNG OGPLVIKNG HOTPOC.

2.26.2 Tapwo1) SElyHATwV 6 pKpotopoypago Skyscan1172
H odpwon tov deryudrov oto SKyscanl 172 nepiiappdvel To mopokato otddia.
1. Tpogtoyacio pnptaiov 06ToL 1| GTOVOIVAOL TNG 0OCEVIKNG Hoipag pe epPantion og 0.9%

YA®P1ovYOL VaTPiov Kot TomToHETNOT 08 £101KOVG TPOGOpPHOoTEC-Baoels (BAEme gik. 2.25).

Ewoéva 2.25. Ewdwki] Baon tomoditnong dsiypotog pnpraiov 06tod dwepétpov 6mm, evd Yo tomodétnon

OElYPaTOG 6TOVOLAMKIG OTIANG YpNoponolovpe facers dSrapéTpov 10mm.

2. Avolyovpe T0 TPOYPOULLO EAEYYOL TOV UIKPOTOHOYPAPOL Kol BETovpe Ge Asttovpyia TNV
mmyn axtivov X.

3. TomoBetovpe v €101kN Pdon pe ta detypato-0otd oty BE0T GAPOONG TOV
UIKPOTOLOYPAPOV.

4. Oprobetodpe TV TEPLOYN GAP®ONE TOL 00TOV (PAéne €1k, 2.26)
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Ewova 2.26. Aneikovion tov yYpa@ikoy tepifpariiovtog oprofiTnong s TEPLoxNs 6ap@ong vog deiynoTog.

5. PvBpilovpe Tic mapapéTpoug chpmong LEG® TOV TPOYPAUUATOS EAEYYOV OGS PaiveTaL

GTOV TOPOKATO TIVOKOL:

IIpotewvopeveg podpiceig capmong

X-ray voltage 50kV

X-ray current 120uA

dirtpo 0.5mm ®iktpo Alovpviov
Image pixel size 6uM

Avéivon kapepag medium

[Teprotpoen Topoypapov 180"

Brjua mepiotpopnc 0.4

Méoo [Thaicro Zdpwong 2

Adpkela Zdpwong ~30-45min

6. Tloatdpe To kovumi Evapéng cdpwonc.
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2.26.3 AvolKoSOuN 01 TWV SES0PUEVWV CAPWOTC HEGH TOV
mpoypappatoc NRecon
Metd v cbpmon TV delyYUdT®V To cLGTNIA amobnkedeL pia dEoUN EKOVOV TPOROAIG GE

popon tiff 6mov péow tov mpoypdappatog Nrecon mpayUaTomolEitor 1 avolKodOUNoT TOV

eiovov-tpoPorav (BAéne k. 2.27)

i et L eag o der

[ e L TEE

Rogasicn wilabr

Sawey hardpmerg ¢ rwice

L€ rmten Bogy (1

Cwverse
Fue-conennt | | Gucameea | [ Lo anem

Incoarast wher Sryng et for |10 meeuies

e ana e

Peorone e
Tl
e e
.

St secieciing CAL« NI T i Ocwr  Zoon 245% {1 955043 10m 1508
-

Ewoévo 2.27. Amewkévien Ttov ypa@iko¥ zwepdiloviog tov Nrecon mpoypaupatog 6mov yivetor 1

UVOLKOOOUN 61 TOV EIKOVOV GAP®OTNG.

[Iptv v avowodounon g 0écUNg EIKOVOV GAPMOONG Yivetal po cepd pubuicewv kot
eEMEYYOV OT®G M 0ploBETnon g Ave Kot KAT® TEPLOYNS TS TPOPOANS ¢ ewovag (PAéme
KoKk ypouun €.2.27 ), fine-tuning g ekdvog-tpoPoing eAEyyovtag TIG TOPUUETPOVGS
post-alignment, beam hardening correction, ring artifacts reduction and smoothing. H
avolKodounon g Oéounc €wKOvov eivar pia oadtkacios mov amoutel opKeTd HEYOAN
eneEePYAOTIKN 1OYD Kot dtopkel apketd. To amoTtéAesa TG AVOIKOSOUNONG TOV EIKOVAOV Elval
N dnuovpyia pog véag 0EGUNG EIKOVOV o€ Loper, bmp 6mov Ba ypnoioromBovv yio v

KOPpLOL OVAAVO).
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2.26.4 Kvpla Avaivon IIpocdLopio ot Tmv 06 TIK@®V TAPARETP®V TOV

OTIOYY®W80VG¢ KAl PAOL®WE0VEC 06TOVV HEGH TOV TIPpOypAappatog Ctan

H wpwo avdivon meptropPdvel tov Tpocdlopiopd SdpopmV OCTIKOV TOPAUETPOV TOV
OTOYYMOOVG KOl PAOLOIOVS OGTOV, 1 OTOl0L TPAYHOTOTOMONKE e TNV YPNON TOV E101KOV
npoypaupotog CtAn nc Brucker. Xtov mapokdtm mivako oSivovtal ot KOplot 0o6TIKOL

TOPAUETPOL TOV VTOAOYIGTNKOV Kol cvumeptiapfBdvovtol otov mivako kot pe Pdaon v

ovopatoroyia amo tnv ASBMR (American Society for Bone and Mineral Research).

A

Parameter

Parameter
symbol'’, unit

Total (tissue) ™V (111111‘)
volume

Bone volume BV (1111111)
Percent bone BV/TV (%)
volume

Bone surface BS (mm?)

Bone surface
to volume
ratio

BS/BV (mm’ ! )

Parameter

Parameter symbol, unit

Cortical bone volume

BV (mm°)

Bone surface
density

BS/TV (l'mn’l)

Trabecular

Tbh. Th (mm)

Tissue volume (mm?®) (Total) | TV (mm°)
Bone marrow volume BMV (mm°)
Percent cortical bone volume | BV/TV (%)

Closed Porosity

Po(cl) (%)

Open Porosity

Po(op) (%)

thickness

Trabecular Th.Sp (mm)
separation

Trabecular Tbh.N {nn'n'l)
number

Trabecular Th,Pt'(nu'n'l)
pattern factor

Structure SMI

model index

Euler E.Con
connectivity

Euler E.Con.D
connectivity (mm™)
density

Degree of DA

anisotropy

MMivaxag 2.1 Kbpiot 06TIKoi TapapéTPol Tov TPocoopilovtal Yo To 6Toyy®moss (A) kKol pror®odes 06to (B)

(ovopoaroroyio g ASBMR ). 6g jukpotopoypa@o vyning avdivong.

2.27 Xp®o1) AITIOKUTTAP®WV TOU HUEAOV TWV 00TWV LLE

TETPOEELSLO TOV OOULOV KAL AVAAVGT) OE UKPOTOUOYPAPO

vPmAng Avaivong

H péboodog Bacileron oty 1dd0mTa Tov TETPOEEIdIOL TOL OGHioV,TO0 Omoio eivan €va Papv
UETOAAO, VO KOTOADEL IO OVOY®YIKT avTiOpOoT — UE TO OKOPESTO ATapA 0EEQ TOV AN
10t00  oynuatifovtog €1o1 éva powpo TPOidV MOV  OmOTEAEL KOATAAANAO GKLOYPAPIKO
napdyovta oty pkpotopoypapia (Scheller et al. 2014).
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H dwdwcasio mov akoAovdnnke Eixe og €ENG:

1. Emioyn Tg5519 novtikdv niikiog 6 unvov kot Bavdtoon pe CO;.

2. E&wbnon tov pHokpdv 06TOV Kol ATOUAKPLUVGT TOV HLOAOK®OV HVOV TOL ETLPVOVIOL TOL
06T0V.

3. Movipomoinon tov ostav pe ddivpo popporiving 10% ya 24 dpeg.

4. Eémlopa tov ooTtdv pe vepd Ppoong

5. AmacBeotonoinon oe dwwivua EDTA-omacBectomoinong yioo cuvolkd didotnuo 2
ePooudowv.

6. EémAvpo Twv 00TOV UE VEPO PPOomg

7. Emooomn tov artacPectomompuéveov 0otdv o€ dtdivpa teTpoleidto tov oopiov 1% yo 48
wpeg og Bepuokpacio dopatiov

8. Koako Emhvpa twv ootdv pe vepd Bpiong yia 2 dpeg

9. Zdépwon tov pnpraiov 00TOL G UIKPOTOROYPAPo pe Pdon Tic mpotewvdueveg pubuicelg
OTMOG PAIVETOL GTOV TOPUKATO TIVAKA.

10. Avédivon tov dedopévev olpmong XPNOLOTOIOVTOS To. Tpoypdupata Nrecon, Ctan kot
CTvox.

IIpotewvopeveg pobpicerg capmong
X-ray voltage 55kV
X-ray current 120uA
diktpo 0.5mm ®iktpo Alovpviov
Image pixel size 6uM
Avéivon kapepag medium
[IeproTpoen Topoypdpov 180"
Brjua mepiotpopnc 0.4
Méoo [Thaicro Zdpwong 2
Albprelo Xapwong ~30-45min
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KEDAAAIO 39
AIIOTEAEXMATA MEPOX 10
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KE®AAAIO 3. AIIOTEAEXMATA Mépog 1°: XapakTnplopog
ag AELTOVPYLKNG peTaAdaing otnv mpwteivy RANKL mov
TPOKAAEL 0GTEOTIETPWON

3.1 AnHovpyla KoL (UIVOTUTILKOG XAXPAKTPLOUOC TWV tles TTIOVTIK®WV

210 mopeABov mpaypatonomOnke and v Ap EAEvn Ntovvn toyaio ynuikn petodhagoyéveon
0T0 TOVTIKL ypnolponotdvtag v petoArlo&oyovo évmon aibvivitpolovpia (N-ethyl-N-
nitrosourea, ENU) yw 1t dnpovpyic ko €mroyn @oawvotdmemv mov oyetiCovior pe to
OKEAETIKO KO VELPOUVIKO GVGTNO LE GKOTO TNV OMovpyio vEoV {oK®V HOVTEAWDY Kot TV
ghpeon tov vrelbvvov moboyevetikmv petodddemv. H arBvAvitpolovpia yopnynbnke
EVOOTEPLTOVOIKA oe apoevikd movtikie GO Kot ot ocuvvéyeln akoAovOMVTOG €vol Gy
SLIGTAVPMOCEMY Y10l TNV ovVayVAPLoT bIToAewmopevev petaArdéewv (Ew. 3.1), avayvopiotnke
évag véog eavotumog pe advvapio ékpuong doviiov (Ew. 3.2A) otovg amoydvovg g G3

veviag (Douni et al. 2012) mov ovoudotnke toothless (tles).

61 = founders

Donﬂnan4
screen

G3
Recessive @
screen &

Ewova 3.1. ENU petarragoyévesn Kol T0 TAAVO OL0GTOVPAOCEMY TOV 0KOAOVONONKE Yo TNV avayvdpion

VAOLEWTOPEVOV PETOALAEEMY. O1 petaArdtelg emdyovion oto opoevikd movrtikio e GO yevide. Apoevikd Gl
pe vroAemodpeveg petaAldselg (m/+) dwuotovpmvovtor pe WT (+/4) Onivkd ya va mapoinedovv G2 6nivkoi
amOYovol, OpIGHEVOL Omd TOvg omoiovg eivor etepdluyor (m/+) ko WT (+/4) or omoiot o1 cuvvéyela
avadlootovpdvovtat pe Toug G1 e1epoluyons apceVIKoNg YOVELS, TPOKEWWEVOD VO, TPOKVYWOLV amdyovol G3 (++,

m/+, m/m) ot 0moiot EAEYYOVTOL Y10 TNV ERPAVIOT] VTOAEMOUEVOV POIVOTOTIOV (recessive screen).
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KMvikd, o gawvotvumog avtdc yapoaktnpiletor and kabvotepnuévn avémtuén, vrorlocio tov
Oopov, ominvoueyorio, omovoio Aepeadévov kot mpéwpo 6Odvato (Ewdéva 3.2B). O
YOPOAKTNPOG AVTOG KAPOVOUEITOL [E OVTOCOMKO VLTOAEIMOUEVO TPOTO, EVM TAPOLGLALEL
PN dlelcdvTiKOTTo Kot gpgavifetar e€iocov kot ota 600 @A, Ta etepdluya movrikia

(+/tles) dev dapépovv amd ta dyprov-tvmov (WT) adéppia Toug.

A 4+ tiesttles

B
100- -»- Control
~ = fles/tles
)
©
= 504
c
=
%)
c ] 1 L) L) L]
0 2 4 6 8 10

Age (weeks)

Ewova 3.2. ®arvotomikog yopaKTNpLopos TOV 06TE0TETPOTIKAV tles/tles movrikdv. (A) Advvapio Ekpuong
TV dovtidv oto tles/tles movtikio. (B) Koumdin emBioong katd Kaplan—-Meier tov dyprov tonov, etepoluynv

+/tles xou tles/tles movtikdv.

Emeon n advvapio ékpuong 00vTidv amoTeAel YopokTnploTikd e0pnUa TG OGTEOTETPOCNG
(Stark & Savarirayan 2009) mpoyuatomomOnKe 1IGTOAOYIKY AVAADG TOV LOKPDV 0GTOV KoL
€101KATEPA TOV UNPLaiov 06TOV Kot TNG KVIUNG Yo va eEgTactel 1 popporoyia twv ootdv. Ta
AmOTEAECUATO KOTEOEIEQV OTOLKEID £VIOVNIG OGTEOMETPMONG TOV HOKPOV 0GTMOV AOY® TNG
TANPOVG ATOVGING TWV OGTEOKAUGTOV EMELTA OO YpMo™ Ue OEIvN pmoPaTdor avOEKTIKY 6TO
tpuywd (Tartrate-resistant acid phosphatase, TRAP) mov amotedlel deiktng TG EVEPYOTNTOG

TOV 00TEOKANOTAOV. Q¢ €K TOVTOL Topatnpninke &vtovn 0GTEOMOINGCT KOl Omovcio
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CYNMOTICHOD TNG KOWAOTNTOG TOL HueEAoV TV oot®v (Douni et al. 2012). TMopd tovta,
TEPALATO, ETOYWYNG CYNUOTICULOD 0GTEOKAAGTMOV ad TPASPOUN KOTTOPO TOL HVEAOD TV
00TV 1060 and dyplrov Tomov dco kat tles movtikia £de1&av enaymyn 06TEOKAOGTOYEVEGNC X
Vivo. AxoAlovBmg, melpdpoata cuv-KOAMEPYEWNS 00TEOPAACTOV TPOEPYOUEVOV amd Gyplov
TOTOV TOVTiKIO, HE TPOSPOLO. KOTTAPO TOV HVELOD TOV 0GTOV OV amopovadnkov ord tles
TOVTIKIOL OO yNoOvV O©€ TANPY OYNUOTIOHO OCTEOKANGTMV, €VA OCULV-KUAMEPYEIEG
00Te0PANGTOV TpoepyOueveY omd tles movtikio pe TpOIPOLOVE 0GTEOKAGGTES OO AypLOvL
Tomov (o KatédelEay advvapio emaywyng oynuatiopod ooteokiaot®v (Douni et al. 2012).
Ta Tapandvem eX VIVO melpdpoto 0d1yodv 610 GUUTEPACUA OTL OV VITAPYEL KATON EYYEVNG
advvapio 6Tov oYNUOTICHO 00TEOKANGT®OV oto tles movrtikio aAAd kdmowo EAAenym otnv
OLOKLTTOPIKY EMKOWVOVIO HETAED TV 0GTEOPAACTMV Kol TOV 0GTEOKAAGTMV, 0EO0UEVOD OTL
ol 00TeoPAdoTEG €ival ToL KOTTAPO TOL TPOAYOLV TOV GYNUATICUO TOV OGTEOKANCTMV GTO.

00Td.

3.2 EVpeon KaL TepLypa@t) TG HETAAAXENG

Mo mv yaptoypdonon g vrevOLVNG HETAAAAENG, TPAYLOTOTOMONKE OVAAVOT| YEVETIKTG
ocuvoeong o 124 F2 movtikia (62 pe oavotumo kot 62 HAPTUPES) XPNOLOTOIOVTOS £VOL GET
and 71 poproakodg TOAVUOPPIKOVG OeikTeG oL TEepleAduPavay TOAVUOPPIoHOVS UNKOVG
amAng aAiniovyiog (Simple Sequence Length Polymorphisms, SSLPs) kot ToAVHOpPIGHOUG
evog voukAeotidiov (Single Nucleotide Polymorphisms, SNPs) ot oroiot kéAvrtav oAdkAnpo
TO YOVISI®UO TANV TOV QULAETIKOV YPOUOCOUATOV, AAUPEvovTag VoY OTL O YOPOKTNPOS
NTOV QVTOCMOUIKOS Kol voAewmopevos. H otatiotikr] avaivon édwoe Ty LOD (Logarithm
of Odds) 33,8 avaueca ctovg morlvpopeikovg deiktec (SNPS) rs13482262 ko rs30965774
oto ypoupocopa 14. Iepartépw avdivon g mePOYNg Yol LITOYNELOL YoVidla VIESEIEE TV
napovcio tov rankl yovidiov mov oyetifetor pe ™V Emay®yn 0CTEOMETpONG. Me
aAANAovy o ™G KOOWKNG mepoyng tov e&mviov 5 tov rankl yovidiov evtomiotnke pio
ONUEWKT] HETAAAOEN KOl MO CLYKEKPEVA pioe aAloyn Paong amd yovavivn o€ adevivn
(GenBank NM_011613.3), n omoia. 0dnyel o€ apvo&ikn oddayn pog yAvkiving oe apywivn
oty Béon 278 (G278R) g RANKL mpwteivng tov movikov (NP_035743).

H apvolum adrayn G278R evtomiletal otnv évtova vopdeofn F B-ntuywt) empdvela tov

povopepovc e RANKL mpwteivng, n onoia amoterel pépog e éom A’AHCF B-ntuymtg
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empavelng mov oyetiCetor pe Tov Tpipeptopd tov povouepov. H G278R vrokatdotaon Oa
umopovce Bempntikd va emnpedletl tov tpipepiopd g RANKL pmteivng kabdg 1 elcaymyn
™G apywivng oeoivetor vo odnyst oe otepeodoptkny mopeunddion OlatapiocovTog TV
VOPOPOPN JL-EMPAVELL TOV HOVOUEPDY 0POV ovTIKaO1oTd TN YAvKivn, oL &ivon 1O
amAOVGTEPO OUVOED, VM TOPAAANAL €16AYeEL BeTIKO QopTio pe pio Mo HeEYOAN TAELPIKN
aivcida (Ew. 3.3A-B). H RANKL npwteivn etvar péhog tg TNF vrepouwcoyévelag kot to
neplocoTEPO UEAN oG oynuatilovv opo-tpiuept|. [HoAlomAn ortoiyion TtV apvosikdv
axkolovBimv g RANKL pe dAda péin onmg tov TNF, BAFF, CD40L, TRAIL xatéoei&e
VYNA cvvinpnon g YAvkivng mov avtiotoryel ot 0éon 278 ot RANKL mpwteivny tov

novtikov (Ewc. 3.3C)

A
%
| —
1)
&
*

APRIL/TNFSF13 SAGVF HLAH ILSVIIPRARABKINLSP. 250
TWEAK/TNFSF12 SAGVF HLH ILSVIIPRARABKINLSEP 330
EDA/Ectodyaplasin-l TAGVCLLKARQKIAVKMVHADI SINMSKH 289
EDA/Ectodyaplasin-Z TAGVCLLKARQKIAVKMVHADI SINMSKH 391
BAFF/BLyS/TNFSE‘l 3B SAGIAKLEEGDELQLAIPRENAQISLDGD 285
'INF-alpha/TN‘FSFlA LEGVFQLEKS RLSAEINRPD!LDFRE SGQV!F 233
Lymphotoxin HEGABRFQLT: QLS“M— IPELVLSPSTVFFGAPAL 205
TL1A/TNFSF15 LGAMF SLOE KLHVNVSDISLVDYIRED 3 251
Fas LEAVENLTS. - T 281
LIGHT/TNFSF14 LEGVVHLEAGEKVVVRVLDERLVRLRDGTRSY 240
Lymphotox FEELVQLRRGERVYVNISHPDMVIFARGK -1 244
TRAIL/TNFSF10 QGGIE‘EI.KE RIFVSVINEHLID-MDBERS 281
TRANCE/TNFSF11/RANKL VEGEGFFKLRS EISIEVSNPSLLD-PDQDATY 317
CDh40 LGGVE‘ELQPGASVFVNV'IDPSQVS HGTG 261
GITR ELHVEGRTIDLIFNSEHQVL-~~-KN ¢ 198
OX40 DNTS. WBVNGGELILIHQNPGEPCVL 183
CcDh27 RHLIWTAHCF IPLTQLVFMQALQ SHRNHHQFTDEENRGVNR- - 208
CD30 QF LLDYLQVNTTI SWVD‘IF”ID’ISTFPLENVI.IFLYSNSD--- 234
4-1BB FSWKRGRRKLIIIE‘KQPFHRPVQTIQEEMC.CRFPEEIEMCEL 255

Ewoéva 3.3. Movrshomoinen g domc g pererdroypévig RANKLSYR gporeivne. (A) Tpopiky
amewcovion tov tppuepovg ™G RANKL mpwteivng pe poviehomoinon tomov ‘kopdéia’ Omov otov déova
GUUETPIOG TOV TPLUEPOVG LLE TOPTOKOAL paiveTal 1 yAvkivn 278 Tov aypiov TOTOL LOVOUEPOVS EVD LE KiTptvo N

apywivny tov petadhoaypévov povopepovs. (B) Movtehonoinon tomov space-filling tov aypiov tomov
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povopepodg 6mov 1 vrokatdotoon G278R gaiveton ypopatiopévn pe kitpwvo. Me pof argwovilovror ta
VOPOPOPa apvoléa, pe TPAGIVO T TOAKEA OULVOEEN EVD TO POPTIGUEVA aptvoEéa DeTKd Kot opvnTIKE pe UmAe
Kot kKOKkwo ypopa avtictoyo. (C) TloAlandn evbvypdppion g apvo&ikng akoiovbiog mov aviictoyel oty
eEorvtrapua F B-truyot meproyn g RANKL tov movtikod pe dAha pnédn g vrepowkoyévelag tov TNF. Mg
actepioko emonpaivetot To apvo&y g yAvkivng 278 mov gueavifel VYN GLVTNPNOCT AVALESO GTO PEAT TNG

vrepotkoyévelog tov TNF .

3.3 BLoyn KOG KL AELTOUPYLKOC XapakTNpLopnoc tng G278R
UTIOKXTAGTACTG

Agdopévov 6t n apvo&ikn ardayr G278R evtomiCeton oty meproy] aAAnieniopacns TV
povouepmv BeAncape vo diepeuvnoovpe katd 16co emnpedlet v dapdpemon g RANKL
TPOTEIVNG. Apyikd, €yve etepdroyn ékppaoct avoacvvovacsuévng GST-RANKL mpwteiving n
omoia Kmdkomotel v eEwkvttapia meployn s RANKL mpmteivng Tov movtikov (apvoééa

G278R
L og

158-316), 1600 g aypov tomov (WT) 600 ko g petarraypévng RANK
Boktnplaxd otedéyn E.coli (BAéne wepdroo 2.1.1 ko 2.1.2) ypnOWOTOIOVIOS TO
mhooudtakd eopéa Ekppacnc pGEX-6P1 mov emitpénel emaywyn g EKppacng EMETo omd
yopnynon IPTG oty Bakmnplakn kKoaAlépyeia. AkoloOBmg, £yive eklextikn déGHELON TOV
GST-RANKL kat GST-RANKLC?78R TPOTEVAOV TOV TOVIIKOD o€ c@apid oyapolng-
yAovtaBetovng ta. omoia gppaviovv vymAn ovyyévela pe v GST mpwteivn. Telkdg, pe
éxhovon yhovtabeidvng, anodeopevoniayv ot GST-RANKL npwteiveg amd to opoipidia kot

cLMEXOMKaY ot ypatpikéc GST-RANKL kat GST-RANKLE?®R npmeivec (Ew. 3.4).

Ewovo 3.4. Etepoloyn ékepaon g ayprov tomov GST-RANKL (A) kv g perarhaypévng GST-
RANKL®?®® (B) mpoteivig Tov movrikod. Hiektpopdpnon kar yphorn Coomassie blue tov mpoteivikdv

eKYLMOpATOV ot dtapopa 6tadte amopdveong tov GST-RANKL npaoteivaov. 1) Agiktng pe yvooTd poplakd
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Bapn, 2) To cdvoro TV Tp®TEIVOV OV TOpdyovion omd to Poktiplo Emeita and Avon, 3) Ot evanopeivaceg
mpwteiveg petd v odvdeon g ypapikng GST-WT-muRANKL cta opaipida ayapoing-yAovtadeiovng, 4) Ta
coopidwa petd ta dradoyikd otddia ékrovong g GST-WT-muRANKL, 5-7) Awdoyikd otddie cuALOYNG TG
ypapikng GST- RANKL petd and tpocshikn yrovtabeiovng.

H GST mporteivn éxet @avel 6t dev emmpedler v Aertovpywotnro g RANKL oAdd
EMIAEOV EVIGYVEL TNV SOUIKT GTOOEPOTNTA TOV TPOTEIVOV TPOMODOVTOC TOV SUEPIGUO TOVG
(Gréaslund et al. 2008). Ot avacLVOVACUEVES TTPOTEIVEG OVOAVON KAV GE OITOSIOTAKTIKG KoL [T
QOOLOTOKTIKA TNKTOUHOTO  akpouiapuiong (native gels) kar okolovOnoe western blot
YPNCLOTOLDOVTAG avTICOMOTO Yoo Tov evtomopd 1060 TS RANKL 660 wouw g GST.
IMapambnke o6tt 1 WT GST-RANKL mpoteivn oynuatiCer molopepn (multimers) evod
avtifeto 1 GST-RANKLE?®R §ev oymuaticer to avapevopevo molvpepy eite 6toyxedovog
v RANKL pe povoxhovikd kot molvkAwvikd aviticopoa site otoyevovtag v GST pue
nolKklovikd avticopo oe western blot (Ew. 3.5). Edwotepa, oty  petodloypévn
RANKLC?78R TpOTEiV mopatnpinoope pio  {ovn  yopuniold poprokov  Bdapovg  otav
ypNoporomOnkay mtolvkAwvikd avticopota évovtt g RANKL 1 g GST mov mbavotata
avtiototyel og povopepn e GST-RAN KLG278R,

Avrtifeta, 0tav emyeiproape vo gvionicovpe v GST-RAN KLC278R ue povokiwviko anti-
RANKL avticopa dev aviyvedoape amoldtmg timota, 10 onoio icwg vo opeileTon e mbovn
HETOPOAN NG TPLTOTOYOLG OOUNG TG RANKL 78R TPpOTEIVNG HE  omotélecuo TNV
Kataotpo®n N v un npdcPacn (Mask) tov cuyKekpuévev enitonmv mov avayvopilovtal
amd 1o povokiwvikd avticopo (Ew. 3.5). IMapdAinia, eréyyOncav ot mocdtrteg TmV
avacvvovacuéveov GST-RANKL kot GST-RAN K LC278R TPOTEIVAOV TOL YPNOLLOTOMONKAY
GTNV TPONYOVUEVN TEPOUOTIKT S1ATAlN KOl GE OMOOIOTOKTIKO TNKTMUO OKPLAOMOTOL Kot
western blot pe 1o avtiotoyya avticopata (Ew. 3.5) @ote voa deybel O6tTL OvToG
ypNoonomdnkav mapopoleg mocottes. Emiong, to meilpapo ovtd deiyver 0t Oho TOL
avticoOpoto avayvopilovv kot T 600 mpwteiveg, GST-RANKL kot GST-RANKL®?"®R ¢

OTOOLUTAKTIKEG CLVONKEG, LITOINADVOVTOS TNV EWOIKOTNTA TOVE TPOG AVTEG.
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Ewova 3.5. H perorhaypévy GST-RANKL®?®R nPOTEIVY dev oynuatiler molopepr) (Multimers) os pun
om0 TUAKTIKEG 6UVONKES 6€ oyéon pe Ty dyprov tomov RANKL. Avacvvdvaouévn dyprov tomov GST-
RANKL ot petodhaypévn GST-RANKLSZ®R gvadvbnkav eite oe omodiatoxtucd (SDS) eite oe un
OmodlTAKTIKG TNKTOMHOTe okpviaudiov (native gel) ko axolovfnce western blot ypnowonowdvrag eite
povokAmvikd (Mono) 1 mtoAvkAmvikd (poly) anti- RANKL avticopa 1 molvkkoviko anti- GST avticopo. Me
to&akio emionpaivovtal ta Tolvpepr] (Multimers) kou po pikpdtepov poplakod Bapovg {wvn (LB) mov mbovov

OVTIOTOLYEL GTOL LOVOLLEPT).

e emOuUevo 6T1dao10, ooV eidape OTL N AMIVOEIKY] VTOKATAGTOCT EMPEPEL TOOVOV OOUIKES
aALayéG otV GST-RANKLC?8R TpoTEVY, amopakpivope to GST tunuo Ko peretnoope
TOV TPEPICUO TNG EKKPITIKNG EEOKVLTTAPLOG RANKL 78R npoteivng. H mpoteolvtikny
amopdkpovven g GST mpwteiviig and v RANKL zmpwteivn €ytve vmd v dpdon g
Prescission mpmtedong piag Kol o6Tov oxedlooud e TAUGHOINKNG KOTACKEVNS EKQOPUOTS
elye mpoPrepBei n oyetikn apvolikn akorovbio avayvdpiong amd To cLYKEKPEVO Evivo
oe 0éon petagd tov GST kot RANKL (Ew. 3.6). Apov éywve déopevon e GST-RANKL
oto. opapidie ylovtabedvng éywve mpoobnkn 4units/ml  avacvvévacuévng Prescission
TPOTEACNG OMOL HETA Omd 16 MOPeC ENOOONG TOPATNPNCOUE TNV TANPN OTOKOTN NG
exkprtikng RANKL mpateivng and v GST mpwteivi). v cuvéyela €ytve cGLAAOYN NG
exkprtikng RANKL mpoteivng yio mepattépw Ploynpikod xopoaktnpiopo.
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Koatd ™ dadikacio amoudvoong tapatnoape 0Tt evod 1 ekkprtiky eEokvttapia WT-RANKL

TPOTEIVY] TOPAYETAL GE IKOVOTOMTIKEG TOCOTNTES KOl OMOJOECUEVETOL KOVOVIKA omd Tol

LG278R

coopidta yrovtabeovng, n RANK TOPAYETOL GE TOAD KPOTEPES TOCOTNTEG KoL

peyaio pépog e mapépeve eykAmPBIoUEVO ota cearpidia Yeyovog mov {cme amodideTal 6To

LGZ78R

peyaro Pabud vopopofikdtmrag g RANK HE TOV OYNUOTICUO OUTPOTEIVIKOV

aAniemidpdcewv (Ew. 3.7).

GST + ekkpiTikoU TUTTOU Mmouse RANKL (399 AA)-->MW 45kDa

MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFPN
LPYYIDGDVKLTQSMAIIRYIADKHNMLGGCPKERAEISMLEGAVLDIRYGVSRIA
YSKDFETLKYDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDALDVVL
YMDPMCLDA¥PKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPP
LGSPEFPGRLE

csT I

POLYLINKER

* Cleavage site

€KKPITIKA aypiou TUTTOU RANKL petd TNV mpwteoAuTIKA Téwn (173aa)->MW 19.25kD

LGSPEFPGRLE

EKKPITIKK TUTTOU mouse RANKL®?"® petd Ty mpwteoAuTikn Téwn (173aa)->MW 19.25kD

LGSPEFPGRLE

Ewova 3.6. Tynpoatikn ansikévion 1660 g apvolikilg akoiovBios Tng GST-mURANKL éc60 kot g

EKKPLTIKNG dyprov TOmov ko petoiroaypévilg MURANKL zmpoteivig. Amelevfépoon Tng eKKpLTikng
MURANKL kot muRANKL®?®R mpmteivng omd v GST petd omd méym pe mv npotedon PreScission. Endve
ooaivetar n apvo&ikn addniovyio g yopkng GST-RANKL np@teivng mov mapdyeton and ta Baktipio. Me
npdowo ypopo toviletar n akoAovbio. avayvdpiong g TpOTEdoNS evd pe o PElog M Béon amokomng. Me
Koavo ypopa tovifetor n akodovdiog g ekkpriikiig MURANKL kot MURANK LE?78R (ue xokkwo n Béon g
vrokatdotoong G278R) kot pe kitpvo n GST mpwteivi. Me umke tovifeton To evamopeivavta apvo&ikd

KATAAOUTO TOV TAAGUISIOKOD POPEN LETA TNV OTOKOTN LLE TNV TPOTEACT).
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Ewoéva 3.7. Atopévoon g eKKpLTikig ayprov tomov (A) ko perarraypévng (B) muRANKL mpmteivig
énerro ané amopdkpoven g GST pe méyn anéd v npotedon PreScission. (A-B) Hiektpopopnon tov
TPOTEVIKOV eKYLMOUATOV ota didpopa otdadia amopudvoong s RANKL mpoteivng. 1) Agikng pe yvootd
popakd Bépn, 2) To chvoro tov mpwteivdv mov mapdyoviol and to Paxtipro, 3) Ot evaropeivaces TpoTEIVES
petd mv ovvdeon g ypapikng GST-RANKL ota ceatpidio yAovtabeidovng, 4) coatpidio mpv v TEYT e TV
npwtedon PreScission, 5) To cpapidia petd tqy wéym pe v tpwtedon PreScission, 6-8) otddio Ekhovong g
exkprrikiig MURANKL mpoteivng (WT 1 petodroypévng), Me ta BéAn emonpaivetar 1 MURANKL wpmteivn

OV TOPAPEVEL 0T GParpidia ayapding pe yrovtabeldovn peta v méym pe PreScission.

Mo tov ékeyyo tov tpyepispod ™G RANKL mpoteiving ypnopwonombnke n pébodog
dracvvdeong (cross-linking) péow ¢ évoong disuccinimidyl suberate (DSS). To DSS
nepEXEL Evav €otépo LOpoELuNAekTpidov (amine-reactive N-hydroxysuccinimide (NHS)
ester) o omoiog avtidpd pe TG apiveg v apvoéémv oynuotiCovtag otafepodc opdkong
deopovc pe amotélecua v otabepomoinon TG SOUNG TOV TMPOTEIVOV KOl OTOTPOTN|
amodldToENG TOVG TAPOLGio. TOV amoppumavTtikod SDS koatd v nAeKTPOPOPNCT TOLG CE
TKTOUO AKPLAOUIONS. AkoAoVOmG, avaibnkayv ioeg mocotntes (3ug) g exkprtikng WT-
RANKL kot Tng RAN KL% 100 elyav mpoenwaoctel e tov mapdyovia dwacHvoeong DSS
(BAéme  ke@.2.16) o€ OMOSOTOKTIKG TNKIOUOTO OoKpLAaudiov kar  western blot
ypnowonotdvtag molvkimvikd anti-RANKL avticopa. To omoteléopata £dsi&av OtL 1
WT-RANKL 6nwc avapéveror oynuotifer tpuuepr], owwepn kobodg kot povouepn (ota

LGZ78R

avapevopevo poptakd PBapn). Avtibeta, 1 RANK TpOTEIVN 0ev oynuotilel Tpuepn

oAAG povo Myo povopept| Kot Kupimg €va TPOMTEIVIKO GOUTAOKO HEYAAOV HOPLokoD Papovg
(aggregates) mov mpoOvVAE oPeideTtal oTNV uUn €WK CLYKOANON TV RANKL 278
povouep®mv Ady® g £KBeoMg VOPOPOP®V TEPLOYDV GTNV EMPAVELL TOVG TOV AEITOLPYOVV MG

«OAM o petald tov tpoteivov (Ewk. 3.8A). I'ia Tov T0G0TIKO £AEYYX0 TOV OVAGLVOVACUEVOV
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RANKL mpoteivoov mov ypnoorombnkay oto mepdpato autd avalvdnkay eniong ywpic
v  7wapovoia tov  mopdyovta  cross-linker DSS  ov  idieg moocotnreg RANKL
OVOGVVOVOGUEVOV TTPOTEIVOV GE OTOSOTOKTIKG TNKTMOWOTO OOV TopaTnpiOnKe 1 Topovsio
TOV omodTOyIEVOY povouepdv (meipapo paptopag). Ta zmepduoto cross-linking pog

00MNYoOV OTO GULUTEPACHO OTL M UETOAAOYUEV RANKLC?78R

TpOTEIVN dev oymuatifet
TPYLEPN, OV OMOTEAOVV TNV AELTOVPYIKY] HOPPY] TOL pHopiov, AL Kvpiowg pn €dKd
ocvccopatopate oe oviifeon pe v WT-RANKL. H andleia tpipepiopod mbavov €xet
OVTIKTUTO OTNV AEITOLPYIKOTNTA NG 0oV amoteAel omapaitnn mpodmdbeon v v
npocdeon g otov vrrodoyéo RANK (Liu et al. 2010).

‘Etol, 0élovtoc va eléyEovpe kotd mOco eivor duvatn 1 TpOGOEST TNG RANKL 78R
mpwteivng otov vrodoyxéo RANK mpoympnoape oe dokipég e avocoeviupukng pebosov
ELISA 6mov oepraxéc apordoelg tov vrodoyséa RANK-FC tov movikol emmwdotnroy pe WT
GST-RANKL, GST-RANKL®*®R i GST. T TIG QOKIHEG OVTEG YpMOoomomONnKe o
VPP popen Tov vrodoyéa RANK tov movtikod mov mepiéyet kot TURHO TG otabepng
nepoyns FC tov avococpaiptvev 1 omoio emMTPENEL TOV SUEPICUO TOL VTOSOYEN KO
emopévog v mpocdeon g RANKL npwteivng. Tapammpnoape 6t eved 1 dyplov tomov
GST-RANKL mpwteivn mpocdévetor kavovikd otov vrodoyéa RANK-FC tov movrikoo,
avtifeto 1M GST-RANKL®?"8R epeaviler mAnpn advvopio TPOcdEoNg, amOPPOln OTMG

QOAVETOL TNG OMOAENG TPIUEPIGUOV TNG HETOAAAYUEVNG GST-RANKL®?"8R

TPOTEIVNG
(Ew.3.8B). Téhog, deiape 6ti ) GST mpwteivn dev aAiniemidopd pe tov vrodoyéa RANK-Fc,
amodekvoovtag 01t M ewwodTnTo TG Tpdsdeons tov GST-RANKL popiov otov vmodoyéa

RANKL-Fc opgireton amoxieiotikd otnv mapovcia g Asttovpyikrig RANKL npwteivnc.
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Ewova 3.8. H RANKL®®® mpoteivy) dev oympatiler opo-tpiuepli kar dev mpocdéveTar 6Tov vrodoyéa
RANK-Fc. (A) Toeg moocdmteg (3ug) g dypwov tmov RANKL mpwteivng kot g peToAlaypéving
RANKL®?®R qvodbOnkav, émnerta and cross-linking mapovsion  (+) 1 omovsia (-) tov mapdyovia DSS, ot
western blot. H avocoaviyvevon €ywve pe moAvkhwviko avticopa évavtt g RANKL mpoteivig tov moviikoo.
2V aplotePn TAEVPU EMCTLOIVOVTOL YVOGTA Hoptakd Bapm, evd oty de&1d ot dtapopeg popeég tov RANKL
onwg ta Tpiuepn (trimer), dypuepn (dimer), povouepn (Monomer) aAld kot ta cvocmpotdpato (aggregates). (B)
Mbpopeg ovykevipmoelg Tov vrodoyso RANK-FC tov movtikov and 0,1 mg/ml £éog 1000ng/ml endactnkav o
mhaxeg ELISA o6mov mpmta giyov emotpwbel pe 3pugml 1600 dyprov tomov GST-RANKL 6c0 kot
petodhaypévne GST-RANKLE?ER H npdodeon eréyydnke pe ¢popiopd ypnowonotdvag debtepo phopilmv
avticopa mov avayvopifer mv Fc nepoyn (PE-goat anti-human 19G). Ta mepdpota exovoalnednkay Tpeig

QOPEC EVD 0L TIES glvar 01 pésot Opot + Tumikd oedApa (SEM).

3.4 'EAgyxoc TG Asrtovpyikotntag t¢ RANKLG278R  mpwTeivG 6€
TELPANATA OCGTEOKANOTOYEVEONC KAL TIAPEUTIOSIOTIKY Spdon oty
evepyotnta ¢ RANKL ayplov tomov

H enayoyq oynuatiopod moivmopnvev TRAPT ooteokiactdv amotelsi wa Stodikacio mov
pvOuiletan aueca amd v opdon g RANKL mpwteivng. H npdcodeon tov RANKL otov
vrodoxéa RANK onupatodotel por cepd yeyovotmv mov odnyodv GTOV GYNUOTIGUO T®V

G278R
L TpOTEIVN dev

ooteokhaot®V (Dougall et al. 1999). Kafott n petarraypuévn RANK
oynpotiCer Tpepn kol dev dvvatal va mpocsdebel otov vmodoyéa RANK, eiéyEape v
AELTOVPYIKOTNTA TNG GE KLTTOPIKEG dOKIUEG ooteokhaoToyéveons. Emiong, depevvinke edv

n RAN K LG278R npwTeiVN Tapepmodilel v dpdomn g dyprov Tomov RANKL mpoteivie.
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21 JoKI] 00TEO0KANGTOYEVESNC TPOOpool ooteokAdoteg emmdlovion pe RANKL kot pe
v Kuttapokivn M-CSF, mov endyel v éxppoaon tov RANK vrodoyéa, yia 5 nuépeg 6mov
yivetat ypodon pe 0&wvn poopatdon aviektikn oto Tpuykd (TRAP). Ot dpiuot 06Te0KAAGTES
gtvon Betikot yio ™ ypwon TRAP kot éxovv tovddyiotov 3 mupnves. 'Etot mpoddpopa kotTopa
TOV HVEAOD TOV 00TMOV SLOLPOPOTOONKAY GE 06TEOKAAGTEG TPOGHETOVTAG 0TO BpENTIKO HEGO
25 ng/ml M-CSF xot 50 ng/ml GST-RANKL yuo dtdotnpa 5 nuepdv mopovsia 1 omovcio

670 p€G0 dapopomoinong tg petariaypévng GST-RANK LS8R

o€ O1POPEG CLYKEVIPADOELG
and 12.5 péypr 100 ng/ml. IMapatmpnoope O6t1 mapovsio uoévo g ayptov tomov GST-
RANKL (1:0) ot0 péco d109popomoinong ETAYETOL O GYNUATIGHOS EVUEYEDDV TOAVTOP VOV
00TEOKANOTOV evd avtifeta Otav mpooteédnke povo n petorroypévn GST- RANKL 78R
(0:1) oto péco dapopomoinong dev mapatnpndnke ooteokiactoyéveon (Ewc. 3.9A). Otav
éywve mpoendoomn g dypov tomov GST-RANKL pe v petorraypévn GST- RAN KLG278R
SmoTOONKE TAPEUTOIION GTIV 0GTEOKANGTOYEVEDT. LVYKEKPIUEVa, Otav 1 avoroyio GST-
RANKL: GST-RANKL®?®R givon 1:1 N 1:2 mopatnpndnke onuoviikn mopepnddion g
0GTEOKALUGTOYEVESNC E CYNUATIOUO povo pikpdv TRAPT kuttdpmv 1060 o€ amdlvto aptdud
KLTTOP®OV OGO Kol aplfpd TUPNVOV GE GYECT] LLE TOVG 0GTEOKANGTES TOL TponAbay Tapovaio
pévo g ayprov tomov GST-RANKL (Ew. 3.9A-C). X¢ nepicoei WT GST-RANKL 6mov 1
avaloyio elvar 4:1 11 kot VYNAOTEPA dEV TTOPOTNPEITOL KATOLOL CNUOVTIKY] OVOGTOAN GTNV
dwdwacio emaymyng ooteokiootdv (Ew. 3.9A-C). To moapamdve amoteléopata,
amoderkvoouy 6t 1 GST- RANKL®?®R &yer anoléost v Proloyeny e dpdon kot Ty
IKOVOTITOL VOL ETTALYEL TOV GYNUOTIOUO OGTEOKANGTAOV G€ EX VIVO SOKIUEG KOt 1) Tapovsio Tng
GTO HEGO OPOPOTOINGMG aoKEL £VTOVT] TOPEUTOOIOTIKT EMidpacn oty woavotnta g WT

GST-RANKL va endyet Tov GYnUATIGHO OGTEOKANGTMV.
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Ewova 3.9. Mopepmodiotiky dpaon g GST-RANKL S8R

TNV ETOYOYY] GYNUUTICHOD 0GTEOKAUGTOV.
(A) AvimpoommevTikég ekdveG omd KoAMEPYeEles ooteokiaotdv Emetta and TRAP ypdorn o6mov £ywe
dapopomoinor KLTTpOv Tov HLEAOD TV 00TV Tpochétoviog M-CSF kot GST-RANKL amovcia (1:0) 7
napovsio. GST-RANKLC®Y® s¢ Siagopsg ovykeviphoei 6mmg 100 ng/ml (1:2), 50ng/ml (1:1), 25ng/ml (2:1)
wkon 12.5ng/ml (4:1). (B) Apbuodg Betikdv xatd ypmdon TRAP octeokdactdv pe tovkdyistov 3 moprives. (C)
Ap1Ouog mupvev oe kottapa Oetikd katd ypmon TRAP. Ot nepapatikés Tipég eivan ot pécot 6pot £ TumKod

oQaApa TOLAGYIGTOV TPLOV aveEdpTnTtov nelpoudtony, (**P<0.001, ***P<0.0001).

Oélovtog Vo OMGOLUE oL pUNVEID. GTO QALVOUEVO TNG TOPEUTOOICTIKNG EMIOPACNS TOL
ackel n petaAraypévn RAN KLC278R GTNV 00TEOKANGTOYEVETIKY Opdom g dyptov tomov WT
RANKL, mpoympnoaue pe Boynuxkn mpocéyyon oty avdivon piog dvvntikd mbovig
aAnAeniopaong petald w™mc WT RANKL kot g RANKLC?78R npoteivng. Il

OoLYKEKPUEVA, € mepdpata Cross-linking 1oopoplokéc moodTTeg TG EKKPLTIKAG GYPLOVL
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tomov RANKL ko tne petodhaypévng RANKLE?ER

(100nQ) mpoenmwdaotnkay ya 1 dpo kot
akoroVOw¢ mpocbicape tov mapdyovta cross-linking DSS 6mov kot avaivOnkov oe
QTOOLOTOKTIKA TNKTOUOTO 0KPLACSIoL Kot akoAovBwe éywve evtomiopog pe western blot.

LGZ78R

[Tapatnpnoape 611 to cvumioko RANKL-RANK eupaviCel onuavtiky avénomn g

évtaong otig {dveg mov avTioTolyel 6T TPLLEPT], OEPT] Kot povouepn o€ oxéon pe v WT
RANKL (Ew. 3.10A), otoyeio mov pog vodnidvet mhavi odnienidpoon g RANKLE?ER
pe v Gyprov omov RANKL kot Tov oynuatiopd etepotpiuepdv (2WT:1 RANKL®?8R) To
Broynukd dedopéva Epyovtar oe TANPN cvpeovio pe mepdpoata avosokabilnong peta&y
WT-RANKL kot RANKLCE?"8R TPOTEIVNG EMELTO. amO TAVTOYPOVI] VIEPEKPPOCT] TOVS GE
evkapvotikd kuttapa HEK 293FT ypnoiponoidviog mAacuidiokong Qopeic EKppacns g
WT-RANKL-FLAG pe WT-RANKL-Myc § RANKL®*8R-Myc. Avococokabilnon tg WT-
RANKL-Myc 1 g RANKL®?®R_Myc npoteivng e Myc avticopo €d€iEe Otl Guv-
avocokafildver 1 WT-RANKL-FLAG kot otig 600 mepmtdoeELs, GTOyEI0 OV POVEPDVEL

arnenidpaon te WT-RANKL pe v RANKL®®R mpwteiv (Douni et al. 2012)

WT RANKL + + =
RANKLG278R = + +

RANKL trimers ~ *

RANKL dimers ™

RANKL monomers »

Ewova 3.10. Ioopoproxéc mosotnres g skkprrikijc WT RANKL and RANKL®®R guamiemdpodv
petald tovg ovédvovrag To TPLUEPN, owuepn Kor povopepn. (A) Toec mocomreg WT RANKL ot
RANKLC®?®R mpoenwdomkay v 1 dpa otove 37°C ko ot ovvéyela éywe cross-linking pe DSS 6mov

avardinkav o 12% SDS kot evtomiopog pe avti-RANKL moivkdovikd aviicopa.
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3.5 Mapoporax apvoilkn avtikatactaon o€ GAAla péAn T TNF
UTIEPOLKOYEVELRG  O8NYEl 0  OMWAELQX  TPLIEPLOHOV  Kal
AELTOVPYLKOTITAC

H vyloxivn om 0éon 278 (G278) mg RANKL mpwteivng tov movtikov, mov £€yel
avtikotootodel and apyvivn ota tles movrikio, epeavifel VYNAR CLVTNPNTIKOTNTO AVAUEGO.
og odpopa péAN g vrepotkoyévelog tov TNF (Ew. 3.3C) 6mwg tov TNF, BAFF, CD40L,
TRAIL kot dAha. 'Etol, emdéEope vo PEAETNOOVLUE TO OMOTEAECUN HOG OVTIOTOUNNG
aVTIKOTAGTOONG TNG YALKiVIiG oamd  apywivin o€ ovo onuovtik@ péEAn g TNF
vrepowkoyévelas, Tig npmteiveg TNF kot BAFF tov avBpomov mov mailovv onpoviikd poAo
GTNV EVEPYOTMOINGT TOL AVOGOTOMTIKOD GUGTNUATOS VO N amopvBet| tovg oyetiletan pe
v naboyéveon avtodvoowv voonudtov (Douni et al. 2007; Davidson 2009; Nashi E, Wang
Y 2010; Davidson 2011). Ot dvo ovtéc mpoteiveg, 0nmg kar 0 RANKL, mapdyovtor og puo
SwpepPpavikny poper] amd TNV omoie TPOKVATEL T EKKPTIKY HOpeY] ovviBmg e
TPOTEOAVTIKN arokony|. H exkpitiky| popen| meprtropfdvel v eE@KVTTOPIKN TEPLOYN 1) OTOi0,
tpuepifetor Kor mPocdEveTal 6TOV VIOdOYED YU aVTO Kol EMAEYETAL Yo TOV Ploynuko
YOPAKTNPIGUO TOV TPOTEIVOV QLTOV.

Yvuykekpévo, oty mepintowon tov TNF vroklewvomombnke 1 eKkpITiK] HOPEON OV
nepapPaver ta apvoléa 77-233 kou €yve avTikotdoTtoon e YAuKivng amd apyviv 6t
0éon 122 (G122R) g ekxpitikng popong (M G1l98R oty dwopepPpavikny mpoteivny) pe
KatevBouvopevn HetaAhaEoyEvesn XPNOILOTOIOVTOS £W01KOVE eKKIVTEG o€ avtidpdoelg PCR.
AxoArovOnce vokAwvomoinon otov mAacpudokd eopéa PGEX-6P1 mov mepiéyet v GST
TPOTEIVN O6mov €ywve g1epdhoyn Ekepaoct 1060 tov dyprov tomov GST-TNF 660 kot tov
HETOAAOY LEVOL GST-TNF2?R oTn ovvéyew pe mpwtedon PreScission, amopovabnke
povo 1 ekkpirikr] TNF npoteivn (Ew. 3.11). Kot 6g avt v mepintmon 1 amelevbépmon g

exkprrikng TN FO12R

TPOTEIVNG amd To. GPapidia yAovtabeldvng eivar meplopicuévn apov 1
HEYOAVTEPY] TOCOTNTO TAPAUEVEL €YA®PBLOPEVN ot yAovtafedovn mlavdév Adym ¢

avénuévng vopopofikdmrog twv povouepmv (Ew. 3.11).
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Ewova 3.11. Etepodoyn ék@pacn TG YHOPKAS dyprov tomov kar petorraypéving huTNF wpoTteivig
Kol anopdkpoven g GST perd amé méyn pe v wpotedon PreScission. (A) HAektpopopnon tov
TPOTEVIKOV EKYVAIGUATOV GTO S1APOPa GTASIN ATOUOVEOGCTG TG EKKPLTIKNG dyplov Tomov TNF mpwteivng. 1)
Agikng pe yvootd poplakd Bapn, 2) WT GST-TNF npockoiinuévn oe coatpidia yAovtabeidvng Tpv v méym
pe v mpwtedon PreScission, 3) Ta ceapido petd v méyn pe v npwtedon PreScission, 4-6) Ztddwo
éxhovong ™ ekkpitikng WT TNF mpoteivng. (B) HAektpoeodpnon tev mpoTeiviKOv ekyLDMOUdTOV 6T

FO122R mpoteivng. 1) Aelkng pe yvootd poplaxd Bapn, 2) To

duapopa 6Tado. amopudvmong g ekkprtikng TN
GOVOLO TV TPAOTEIVAOV OV TTapdyovtal and o Baktiplo, 3) Ot evamopeivaoes TPMTEIVES LETA TNV GUVIEST TG
xwopwng GST-TN FCRR 5t opapidi yAovtafeovng, 4) Zoeopidlo TP TNV TEYN HE TNV TPOTECCT

PreScission, 5-5a) Ta copidia petd v méyn pe v apwtedon PreScission, 6-8) Ttddia éxhiovong g

G122R G122R
F F

exkprrikng TN npoteivng. Me ta BéAn emonpaiveton n TN TPOTEIVI TOL TOPUPEVEL GTA CPALPIdLLL

yYhovtabedvng petd v méwn pe PreScission.

o tov Poynuikd yapokmmpiopd tovg, ioeg mocoTTEg (4Ug) TOV AVOGLVOLAGUEVOV
TpOTEIVOV, dypov Tomov GST-TNF ko GST-TNFCHR, avoADOMKaY GE U OTOSOTAKTIK
mKTORoTO akpvAapdiov (native gel) ko akolovOnoe western blot pe molvklwvikd avti-
TNF avticopa. TopatnphiOnke Aowmdv ot 1 GST-TNFCL2R mpoteivn O0ev oynuatilel
moAvpepn o€ avtiBeon pe v dyprov tomov GST-TNF, ctoyxegvovtag 1060 e TOAVKAOVIKO
avti-TNF avticopa 6co kot avti-GST avticopa. @aivetor pdiiov 6t GST-TNFCHR
oynpotiler toyoio TpOTEIVIKA coumAoKa pHeYGAOL poplakoly Papovg AOY® NG LYNANG
vdpoofikotntag mov mpokaiei N G122R vrokatdotaon (Ewk. 3.12A).

FCL22R empBeBaiddnke pe mewpdpata cross-linking

FGlZZR P

H dopukn adhayn mov gpeaviCer 1 GST-TN
ypnoonowwvtag v ekkpttikn WT-TNF npwteivn 6co kot v petoriaypévn TN oV
TPOEKLYOV VOTEPO. amd TPMTEOAVTIKN amopdkpvvon g GST. Ilapatmpnoape o6t 0

TNFE?R 3ev oynuatiCer tpwep, Swiepny i povouepn omog o WT TNF addd xupiog
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TOPOVCIALEL GLGGMPEVOT] LEYAAOL HOPLOKOD BAPOVE TPOTEIVIKOV GUUTAOK®V, OTOTEAECUO

e VYNARG VpogofcdTnTog TV TNFEHZR

povouepav (Ewc. 3.12.B).

O TNF®2R gEionoyhBnKke TepauTépm GTNV IKOVOTNTO TPOGSESTIC TOV GTOV VITOSOYEN TOV
P75TNFR. T T1g dokipég antég ypnoporodnke eniong po vPPOIKN LOPPN TOL VITOSOYEN
P75TNFR mov mepiéyet ko tunqpo g otabepng meployne FC twv avosospaipvav 1 omoia
EMUTPENEL TOV SYUEPIGUO TOL VTTOSOYEN Kol EMOUEVDG TNV TTPpOcdeon tov TNF. Atagopetikég
oLYKeVTPOGELS ToV VTodoyéa P7STNFR-Fc and 1ng/ml éwg 160ng/ml endootnkav oe TAdKeg
ELISA o6mov mpota giyov emotpmbel pe dyprov tomov TNF 7 TNFC2R GLYKEVTPMOOTG
3ug/ml. Awmictd®bnke Aowmdév OTL O TNFC2R §ev umopel va mpoodebel otov vmodoyEa
p/5TNFR-Fc oe avtiBeon pe tov WT-TNF o omolog mpocdévetar otov p7/STNFR-Fc
ocuvaptnoel g mocdttdg tov (Ew. 3.12C). Xvumepacpatikd, mopatnpodue Ot 1
avTiKatdotoon g yAvkivng and apywivn oty 0éon 122 (G122R) g exkprrikng TNF
TpOTEIVNG odnyel emiong o€ amootabepomoinomn NG TPLTOTAYOUSG OOUNG KOl OTAOAEL

TPUYEPIGUOV UE OMOTEAEGHO TV 0 dVVApia TPOGdEST|G 6ToV VITodoysa p7STNFR.
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Ewoévo 3.12. H vrokatdotacn G122R  mpokaiei andiswa tpipepiopod tov TNF ko pn apdcdeon tov
[FG122R

otov vodoyso 1tov. (A) Toec mocotnteg avacvvévacuévov WT GST-TNF xar GST-TN TPOTEVDOV
avoAVONKOV o€ UN omOSNTOKTIKG TNKTORoTe akpvAauidng (native gel), ko oxoiovbnoe western blot pe
nolvkdovikd ovti-TNF kot avti-GST avticopoto. Me to€dkio emonpaivovtol ta tolopepr (multimers) tov
WT GST-TNF npotsivdv. (B) Ze ioeg mooomteg (1,5ug) WT-TNF kar TNFE?# mpaypotonomdnke cross-
linking mopovoia (+) 1 amovsia DSS (-) ko western blot pe tolvkiovikd avti-TNF avticopa. Ztnv apiotepn
TAELPA emoTHOivOVTOL YVOOTA poplakd Bapn, evd oty 6e&d ot didpopeg popeés tov TNF ommg ta tpuepn
(trimer), dwyepn| (dimer), povouepny (Monomer) aAdd kot To. cvccouatdpato (aggregates). (C) Aopopetikég
ovykeviphoelg Tov vrodoyta P75TNFR-Fc ano 1ng/ml éog 160ng/ml endactmrav oe mhdxeg ELISA 6mov
mphta ciyav emotpwdel pe dypov tomov TNF 1§ TNFER 3ug/ml. H mpdcdeon eAéyyOnke GoTOMETPIKE
APNOILOTOLDVTOS deVTEPO avTicmua mov avayvopilet v Fc mepoyny (HRP-goat anti-human 1gG). Ta

TEPAPOTO. EXOVAANQONKAY TPES POPEC EVD 01 THES Elvar pEcot Opot £ Tumtikd o@dAipa (SEM).
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[Tapdpoto TEWPOUOTIK TPOGEYYIoN aKOAOVONONKE Yoo TNV HEAETN €VOC GAAOL HEAOLG TNG
TNF vrepowoyévelag, v mpwteivn BAFF. Apyikd, mpoyopnioope otnv vrokAwvonoinon
G EKKPTIKNG popeng Tov BAFF mov mepilapfdver ta apivobéa 134-285 kot otn cvvéysia
TPOAYLOTOTOMONKE aVTIKATAGTACT TG YALKIVIG amd apywivn ot 0éon 249 (G249R) ¢
eEwxvttapikng meployne tov BAFF pe katevBuvopevn HeTaALOEOYEVEST] YPTCILOTOLDVTOG
€0KOVG ekkvntéc oe avtwpdoelg PCR. X ovvéyewn €ytve vmokAwvomoinom otov
mhoopdtakd eopéo PGEX-6P1 yua etepdroyn ékppaon tng dyprov tomov GST-BAFF kat tng
GST-BAFFC?R TPOTEIVNG. AKoA0VOWS, TPAYLOTOTOONKE TPMTEOAVTIKY TEYN TV
OVOGLVOVOGUEVOV TIPMTEIVOV HE OmOOECUEVLOTN TOV eKKPLTik®V mpwteivaov WT BAFF kot

BAFF®?*R (E«.3.13).

Ewova 3.13. Eteporoyn ékepacn TG ypoplknis daypwov tomov (A) wkor petoiraypévne BAFF (B)
TPOTEIVIG KoL aopdkpoven g GST petd and méyn pe v npotedon PreScission. Hiektpopdpnon tov
TPOTEIVIKOV EKYLMOUGTOV 6T dtdpopa oTAde omopdvoong g ekkpitikng BAFF mpoteivig 1) Asiktng pe
Yvootd poplakd Bapn, 2) To cbivoro eV TpwTeivdy mov mapdyovtol and 1o Paktiplo, 3) Ot evanousivaceg
mpwteiveg PETd TV ovvdeon ¢ yapwkng GST-BAFF ota ceaipidio yhovtabedvng, 4) opapidia mpv tnv
wéym pe v npwtedon PreScission, 5) Ta ceapidia petd v néyn pe v npotedon PreScission, 6-9) otddia
ékhovong g ekkputikng BAFF mpoteivng (WT 1 petahhaypévng). Me ta PéAn emonpaivetor 1 BAFF

TPOTEIVIG TOL TAPUUEVEL GTO GPOLPidLe YAouTaledVNG petd v ey pe PreScission.

Ye mepdpoata Cross-linking, avoaldOnkov ic6eg mOGOTNTEG TOV EKKPITIKOV TPOTEVOY WT
BAFF kon BAFF®?*R 5¢ western blot émov napotnpnnke 0t evd 1 WT BAFF mpwteivn
oynuatifer tpuepn, Owep N pHovopept, oavtiBeto omn  petoAlaypévn BAFFCR §ey
oynpotiCovronr Tpuepn OAAL OVIYVELOVTOL HOVO HEYAAOVL HOPLOKOD PAPOVE TPOTEIVIKA
ocovumloxa (aggregates). Emumiéov, pe v avocoeviuukn pébodo ELISA dwumotdoope 0t M

BAFF®?**R npmteivy aduvatei vo npocdedei otov vodoyéo BAFFR-Fc. Svpnepoopatikd, n
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peTOAAOYLEVN BAFF®?*R  grohovbel ko emaAnOedel tov 1010 pnyoavicpd, mov
mapotnpnoape pe tig 6vo mapandve mpwteiveg RANKL kot TNF. Zvvenmg, n yAvkivn 278
g RANKL mpmteivng tov moviikoy @aivetor vo amotedel £va onpovtikotato opvold yio
Vv Agrtovpyia TG TPOTEIVIG KL 1) OVTIKATAGTACT TNG Ao apyvivr odnyel og ammAglo TG
Aertovpywomrog Oyt poévo tov RANKL oArdd ko dArov pelov g TNF vrepowcoyévetog
omwg tov TNF kot oo BAFF. Emopéveg, 1 yAvkivn avt 6o propovoe va ypnoyrorom el
Y. TOV GYEOOOUO VE®MV OVAGTOAE®MV TOV GTOYEVOLV TNV TEPLOYN OAANAETIOpAONG TOV

povouepwv oe RANKL, TNF xou BAFF.

A BAFF  BAFFO#® B -
> % & & = ook

- pAppCIZR

» BAFF tpiuepn

Absorbance
(490nm)
>
(=3
e

» BAFF diuepny

» BAFF povopuepn 3 10 100 400
BAFFR-Fc (ng/ml)

Ewoéva 3.14 H vrokatdastacn G249R mpokaiel amdieio Tpiuepiopov Kol pn npoécdccn tov BAFF otov
vodoyéa Tov. (A) ITooodtteg 1,15ng, 0,75ug ko 0,28ug g exkprrikig WT-BAFF ko BAFFC#R avtiotouyo,
avolvOnkov pe cross-linking mapovsia DSS (+) M mapovoia pdptopa pe PBS(-) xar akolovOnoe
OVOGOEVTOTIONOG He TOoAVKA@VIKO avii-BAFF avticopa. (B) Al0@QopeTikéC GLYKEVIPMOOELS TOL VTOdOYEQ
BAFFR-Fc an6 3ng/ml ebg 400ng/ml endaoctnrav og mhixeg ELISA 6mov npdra giyov emotpmbel pe dyplov

FER suykévipoong 3ug/ml. H mpocdeon eréyydnke ooTOpETpikd

tomov BAFF kou petodlaypévng BAF
APNOILOTOIDVTOG SEVTEPO avTicwUa 7oL avayvopiler v Fc mepuoyn (HRP-goat anti-human 1gG). Ta

TEPAPOTO. ETOVOANPONKAY TPES POPES EVD O TIUEC Eival pésot Opot £ Tumkd cedipa (SEM).

140



KEDAAAIO 49
AIIOTEAEXMATA MEPOX 20

141



KE®AAAIO 4. ATIOTEAEXMATA MEPOX 29: AOKIMH NEQN
ANAXTOAEQN TOY RANKL I1I0OY XTOXEYOYN TON
TPIMEPIXMO TOY

4.1 To pkpo poplo SPD-304 avaotéddel Tnv §pact tov RANKL

To SPD-304 eivau éva pikpd popro avactoréag tov TNF wov éxet avapepBei 0TL aAAnAemidpd
pe m ooun tov TNF mpokoAdvtog oamodidtaln Tov TPUEPOVS KOl CYNUOTICUO Un
Aertovpywkav opuepav (He et al. 2005). To onueio aiinieniopacng tov SPD-304 pe to
tpepéc tov TNF mepihappdver v 0éon 122, mov aviictoiyel pe v Béon vrokatdoToong
278 ¢ RANKL rtov moviwkov. O&loviag vo digpevvicoope v mbavi) 0€om
aAAniemidpaong tov SPD-304 pe v dour tov RANKL, tpoywpnocape og in silico mpopieym
GUUPOVO PE TNV Omoilo VITAPYEL OAANAETIOPACT KOl LAAIGTO GE TEPLOYN TOAD KOVTO GTNV
0éom vrokatdotaong G278 (<4 A) (Douni et al. 2012) (Ew. 4.1A). ITepapotiky emPePaioon
plag dvvnrikd mlovig oAAnAenidpaocng tov SPD-304 pe v ekxpirik] RANKL mpmteivn
npaypatonomdnke peretovrag tn doun g exkpirikng WT RANKL npoteivng (yopic GST)
0E U1 OTOSNTOKTIKG TnKTOUaTe okpvlapdiov (native gel) mapovsia tov SPD-304 og
d1popeg cvykevipmaoelg ko western blot aviyvevovtag v TpoTEiv e TOAVKAOVIKO avTi-
RANKL avticopa. Apyikd, éywve npoenmacmn g exkpitikng WT RANKL npwteivng pe to
SPD-304 pdépo oe €éva €0poc ovykevipwoewv (6-200uM) dwtnpovtog otabepn TV
nocotnTo. TS mpwteivng (60ng). IMapammpnoape 61t amovsio tov SPD-304 (pdptupog)
aviyvevetal pio kopla {dvn mov avTioTolel GTNV QULGIKY] SUOPPMOGCT) TOL TPLUEPOVS
RANKL evedy pe moapovsio tov SPD-304 evrtomileton emimpocOeto pion axoun Cowvn
UIKPOTEPOL HopLakoD Papovg, N omoia paAloTa eival avEavopevng évtaons 660 avsdvetal 1
ovykévipoon tov SPD-304 (Ewc. 4.1B). To mpdtuomo avtd mov PAémovpe iowg eivor pio
évoeltn 01t n mapovcio tov SPD-304 mpoxoiel tpomomoinom g SOUNG TOVL TPUYEPOLS
RANKL pe tavtdéypovn amodécspevon povopepav. Broynuikn emPefaioon g mapandve
epunveiog £ywve ue mepdpota cross-linking kot mpoenmdoon tov SPD-304 pe v ekkpiTikn
WT RANKL dokipdloviog oto 010 gvupog ovykevipwoewv (6-100uM). IMopopoimg,
TapoTNPNONKE SNUAVTIKY aOENCT TNG EVTAOTG TOV SUEPADV KOl LOVOUEPDV OGO ALEAVETOL 1)
ovykévipwon tov SPD-304 og oyéon pe 1o paptopa (amovsio tov SPD-304). To yeyovog ot
000 avéavetar 11 ovykévipwon tov SPD-304 avéaveta avdloya kol 1 £VTaoT Tov TPLEPOVG,
eatveTar 0EOp®mPo ®GTOGO pia epunveion awTov TOV EAVOREVOL Ba popovoe va glval OTL 0

avaotoréag SPD-304 mpokadel tétoln Tpomomoinon otV Spdpe®CN TOL TPEPOLS LE
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OTOTEAECH VO EIVOL TTLO EVKOAN TPOGPAGIHO KO OVIYVEVGIUO OO TO TOAVKAMVIKO OVTICOLOL

(reprocotepot emrodmot TpocsPhaopor) (unmask) (Ew. 4.1C).

B

SPD304 - 6 125 25 50 100 200 -

8 SPD304 = 6 125 25 50 100

RANKL trimers >

RANKL dimers >

RANKL moncomers »

Ewova 4.1 Ermidpaon tov SPD-304 otnv dopfy g RANKL mpoteiviig tov movtikey. (A) Mopuoki
TpoPreyn Yo v aAinienidpacn Tov dyuepodc RANKL pe to SPD-304 og meployn mov Bpicketot moAd Kovid
omv Béon G278 (<4A) omw¢ omekovifetal pécw tov mpoypdupotog PYMOL v1.3. Ot umie kot mpdoiveg
Kopdéiec avrtiotoyovv ota 2 povopepn tov RANKL, gvéd 1 yAvkivny 278 amewcoviletal pe opaipide Kot to
SPD304 &ygel ) doun Onhidg. (B) AvdAivon tng dounc g exkprtikiic RANKL mpmteivng mapovsio SPD-304 (6-
200pM) 1 omovoio. SPD-304 (-) oe pn amodatakTikéc cLVORKeS pe mpoemdaoct otovg 37°C ywo 1 dpa kat
aviyvevon upe molvklovikd avii-RANKL avticoua. (C) Iewpduata cross-linking pe DSS 6mov ywve
npoenmaon tng exkkprriknig RANKL npwteivng pe SPD-304 (6-100uM) 1 aovoio SPD-304 (-), nAektpopodpnon
oe 12% mrTdpo okpLAapidov kot avocoomoTunmon e ToAvklmvikd avii-RANKL aviticopo. Me to&dkio
gmonuaivovtol ta tpuepn (trimers), diuepn (dimers) kot povopepr (monomers). Tao wepdpata exavornednkay

TOVAGYLOTOV TPELG POPEC.

H mbavn adinienidpaon tov SPD-304 pe v exkpiriky RANKL npwteivn, pog 0dnynoe oto
vo peAeToovpe v emidpoon mov €xel otnv Proroyikn dpactikotnta tov RANKL og
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dokiuég ooteokAaotoyéveons. Ewdwdtepa, mpoywpfiooue o€ €X VIVO S0KIHEG TPOSPOUmY
KVTTAPOV TOV HLEAOD TV oot®v mapovoia 25ng/ml M-CSF kow 80ng/ml GST-RANKL
(movtikov), mpocsOétovtag to pkpd popo SPD-304 e telikég cvykevipaoelg and 0,25uM
uéxpt 2uM oto Opentikd puéco dapoponoinons. Ioapartnprcape 61t mapovsio tov SPD-304
o€ ovykévipwon 1uM permvel 1660 Tov apBpd 660 Kot 10 péyefog TV 00TEOKANCTOV EVEM
oe ovykévipwon 2uM mopepmodiletor TAPOS 0 oYMUOTIGUOS ToAvTApnvey TRAPT
ooteokloot®v (Ew. 4.2). Ta amotedéopotoa avtd delyvouv 01t 10 pukpd puoépo SPD-304
avaotéArel ) Opdon tov RANKL mbovde akoAovbdvtag Tov unyovicpid mapepmodiong e

Aertovpyiag Tov TNF, péow ddomaonc Twv AEITOVPYIKOV TPILEPDV.

W
O

1500~ c 207
(@) 8 © 151 sk
© 10001 P 28
? 500 £ ii( =

| - _
2 sk
o *kk S _
= O pd 0

0 025 1 2 a o35 1 g
SPD304 (uM) SPD304 (uM)

Ewéve 4.2 To pkpoé pépro SPD-304 avactéhier tmv RANKL-emayopevy octeokhaotoyéivesn. (A)
AVTITPOCOTEVTIKEG €1KOVEG 0O KahAEpyela ooteoklaotdv (xpdon TRAP) mapovsio M-CSF, GST-RANKL
kot SPD-304 o¢ éva e0pog cuykevipooemv and (0-2uM). Daiveton 1 emidpacn tov SPD304 oto oynuotiopd
0GTEOKANOTMV GE GYEON LE KOTTOPO LAPTLPES TTOL dlopoporombnkay o€ ooteokAdoteg anovoio. SPD-304. (B)

Métprnon tov apifpod tov rolvrdpnvov TRAP+ octeoklaotdv pe Tovddyiotov 3 mopiveg kot (C) Tov apidpon
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TOV TUPHVOV 0ve 00TeE0KAAoTN. Ta melpdpota eravaAneOnKay TOLAAYIGTOV TPES POPES KOl Ol TIUEG Elval Ot

péoot 6pot £ tomkd opdipa ( ¥P<0.05, **P<0.001, ***P<0.0001).

4.2 IXeS1a0U0C VEWV IUKPWV HoPiwV avaioywV Tov SPD-304 w¢
avactoAeic Tov RANKL tov avOpwtov

H ovaxdioyn tov mpoodétn RANKL wg xevipikd puBuotikd mopdyovio  otn
dlpopomoinon, evepyomoinon kot emPioon twv ooteokAaot®v (Lacey et al. 1998) dvoite
véovg opilovteg omnv Bepameio acBeveidv mov yapoakmmpilovror amd avEnuévn evepydTnta
TOV 00TEOKAOCTAOV OTMS £ivar 1 0otE0mOpwon. Anddelln omoterel 10 yeyovdg OtL 10 VEO
QAPLOKO KATA TNG 0GTEOTOPOGNG TOL TPOCPUT £YKPiONKe amd v Apepikavikny Yrnpeoia
Tpooipwv kar dopupdxev (FDA) koaw v avtictoyyn Evpomaixy (EMEA) givor éva
povokAmvikd avticopa, to denosumab (Prolia), évavtt too RANKL tov avOpdmov (Raje
2012). Qo1600, 1 avaKdALYN VEOV QUPLOKEVTIKGOV 0VGLOV ToL atoyxevovy Tov RANKL dev
neplopiletal amd ™V oty mov mwEPAcE oty Kukhogopio to denosumab. Avtifeta, to
EVOLAPEPOV TOPAUEVEL VYNAO OV aVOAOYIOTEL KOVEIG KOO0 PLELOVEKTILOTO KOl GKEWYELS TTOV
TPOKVTTTOVV e TNV Xpron tov denosumab. H mapatetopévn ypnon evog oviiodUaTog, Ommg
tov denosumab, Oa pmopovce va mpokoAécel avemBOUNTN 0VOGOAOYIKY amOKPIGT GTOV
opyavicpd (Miller et al., 2011). Emiong, 10 vynAd k6GTOG MOPAGKELNG OVTICOUATOV OALA
KOl 1] OMOKAEWOTIKOTNTO G TATEVTOG OVGYEPOIVOLV TNV TOPUCKELN] Kol Oldbeom vEwv
avticopatov mov ctoyevovv tov RANKL. Eniong, eivar yvootd 611 1 kukhogopio kot M
dpdon TV avTICOUATOV TEPLOPILETAL OO TOV OUATOEYKEQPUAMKO OPpayLd ondTE dEV TEPVOVV
oToV €YKEPAAO, £va Opyavo oL Exel avEnuévn ékepacn tov RANKL (Rinotas et al., 2014) o
omoiog £xet oeyBel 011 mailer onuovtikd poio oty Beppopvbuion (Hanada et al. 2009). I'a
OAOVG aVTOVG TOVG AOGYOLG 1) €0peon VEWV LKpav popimv (small molecules) avactoAémv Tov

RANKL amotelel mpdxAnom kot éva eVOALOKTIKO TPOTO OEpATEVLTIKNG TPOGEYYIONG.

Avooeépape mopamdve 6tt o SPD-304 avactédier v RANKL-gnayopevn odadikoacio
dlpoponoinong, evepyomoinong Kot ®PILAVoNG TOV O0GTEOKANCTOV VA  OAANAETIOPA
TPOTOTOLOVTAG TNV QUOIKY Sapopemon g doun g RANKL (Ew. 4.2). Extog and tov
RANKL tov movtikov eAéyEape v dpdon tov SPD-304 ko otov RANKL tov avBpmmov
UG Kol avaoTOA TG Opdons tov £xel mBavég BepamevTikég eQOPUOYES.  ZVYKEKPLUEVA,
dwmotocape 0tL av kot to SPD-304 avactéddel anotedespatikd v opdorn oo RANKL

tov avOpomov oe apketd yauniés ovykevipmoelg (IC50=0.99uM) (Ew. 4.3) evtovtolg
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npokarel To&kdTTa o€ mPodpouovg ooteokidotec (LC50=3.2 uM) (Ew. 4.3D). Kot drheg
peAéteg Exovv dgi&el o¢ Pacikd petovéktnua tov SPD-304 v vynA KuTTapoTo&IKOTNTA TOV
(Sun & Yost 2008). Ot Sun kot cvvepydteg £6e&av 0Tl 0 3-peBVA-1VOOMKOC SAKTOALOC TOV
SPD-304 pmopel va apudpoyoveobel and ta évivua tov P450 kvtoypodpotog mapdymvtog
axopeota yivie (iminium), o omoia eivar Wwaitepa ToEKA. AKOUN, GTNV ¥NUIKN dourn Tov
SPD-304 evtomilovtatl 2 pebviio oty dyuebBovroypopovn 1 vdpo&vAimon Twv onoimv iowg
npokorel tofwdmra (Ew.4.3.A). H vyniy kutrapotoéikdémrta kabiotd to SPD-304

AKOTAAANAO Y10 TPOKAIVIKES OOKIUEC.

A,

B.

Control 0.1%DMSO 0.1uM SPD-304 0.5uM SPD-304

P TG T

5uM SPD-304

C. § D.
:
=100 1C50=0.990.16uM 1001 LC50=3.200.11uM
e
= 5 50
E <
=
§ 0L—— ¥ ) 0—— » *
< 051 2 5 12 5 10
SPD-304 (uM) SPD 304 (uM)

Ewoéva 4.3. H emidpaon tov SPD-304 otnv RANKL-gmayépevn dokip] 06TEOKAAGTOYEVEGG KOL GTI|V
empioon ToOv kurttdpov. (A) H ynuxn doun tov SPD-304. (B) Mapeumddion e 0GTEOKANGTOYEVESNG
enayopevng omd RANKL tov avBpdnov og éva e0pog cuykevipdoemv SPD-304 and 0.1-5 uM. (C) Ioootikdg
npocdlopiopds g TRAP gvepyodtntag oe cuykevipmaoelg Tov SPD-304 amd 0.1-5 uM (IC50=0.99 + 0.16 uM).
(D) Moocotikdg Tpocdlopiopds ™G emPiwonsg T@V KLTTAPOY 6€ GLYKEVTIPGOGELG Tov SPD-304 and 1-10 uM

(LC50=3.2 £ 0.11 uM). Ta mepapata erovarednKay TOLAGYIGTOV TPELS POPES.
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Xpnowonowwvtag 10 SPD-304 wc¢ odnyd uopro (lead compound) oyedidomnkav kot
cuvBEtnKav avéroya tov SPD-304 pe okomd v dnpiovpyic VEOV QUPUAK®OY TOV S TPOVV
N aképo Bertidvouv v avactoltikny Opdon €vavtt g mpoteivig-otéyov RANKL evd
tavtoypova eival Aydtepo 1oéikd. Me ™ Aoykn vty £ytve oYeSOCUOC Kot ovvOeon 72
avéloywv tov SPD-304 oto omoio mpaypotomomOnKov GTOXELUEVEG 1N TLYOUES
VIOKOTAGTACELS TV oTnv ynukn dopr Tov SPD-304. H dadikacio oyediacpod, chvieong
Kot aflohdynong twv avoddyov avtdv tov SPD-304 mpoaypatomomdnke vmd v
GUVTOVIGUEVT Opdon 4 avesdpTNTOV EPELVNTIKOV OpddwV kdbe pio pe dpopeTikd medio
opaone kol e&edikevong (Ew. 4.4). H gpevvnmikn opdda tov Kab. HAle HAdmovAov
GUUUETEIYE OTOV GYESICUO KOl TNV LOVIEAOTOINOT TOV VE®V HOPI®V, 1 EPELVNTIKY OUAd
tov Kab. HAioo KovAadoOpov oty ynukn odvleon, n epevvntiky] opdda tov Av. Kab.
Nopyov Kovtomidn otov mpocsdopiopd g wovotnToS OECUEVONG TV Hoplov otV
avOpodmivn RANKL kot n gpevvntikn opdda g Enuc. Kaf. EAévng Ntovvn oty aglordynon
tov véov popiov oe RANKL-enayopeves Aettovpykég doKIUEG 0GTEOKANCTOYEVESTG KO GE
dokiée  kutrapotroSikotnrag  (Ew.  4.4). O éheyyog tov  SDP-304  avoloyov
npaypatonomOnke otnv avacvvovacpévny RANKL mpoteivn tov avBpodmov Adyw g
QOPLOKEVTIKNG CNUAGTIOG TNG.

O JAVTNG mov emAéxOnNKe Yy TNV OLKALTOTOINGT TOV TEPICGOTEPOV EVAGEMV Eivol TO
deBviocovrpoleidio (Dimethylsulfoxide-DMSO) kvpiwg AOy® g eEpeTIKNG SIOAVTIKNG
oV dpdiong. Xe mpdT Qdon Eywve a&oAdynon tov 72 avdioymv tov SPD-304 ce dokiuég
00TE0KAOOTOYEVEONC GE oLYkéVTpworn SUM. H ocvuykekpiuévn cuykévipwon emiéyOnke e
Baon v ocvumeppopd tov SPD-304, 10 omoio evd avEGTEIAE TNV dNUIOVPYID TOV OPILOY
00TE0KAOOTOV o€ UIKpOTEPEG ovykevipwoels (IC50=0.99 + 0.16 uM) (Ew. 4.3C) omv
cvykévipwon Tov SuM ftav wWwitepa ToKd TPOKOAMVTIONS TOV BAvVOTO TV KLTTAP®V
(LC50=3.2 = 0.11 uM) (Ew. 4.3D). Ewdwotepa, and 115 72 gvdoelg evionicape 17 avaroya
tov SPD-304 mov gppavifovv mApn TOPEUTOSIOTIKY OpAGCT) GTOV GYNUATIOUO OPLUOV
00TEOKAOOTOV Kot 12 pe pepikn mopepmodion oniadn var pev oynuatiloviol 06TeoKkAAGTES
®ot660 glte vroieinovion og apBpd TRAP+ kuttdpov 1 oe péyebog ko molvmuprveot). Ot
EVAOCELG TTOL TTOPOVGIOCAY HEPIKN N OAIKN avacTtoAn tng dpdong tov RANKL, eiéybnooav
EMIONG YO TNV EMAYOYN KLTTOPOTOEIKOTNTOG GE TPOOPOLOVS OGTEOKAAGTEG UETPOVTOS TNV
Brocyomra tov kuttdpov pe v pédodo MTT. Ztov mapoakdtm wivaka divovtol GUVOTTIKA
ot 72 evooelg kor ta  omoteAéopota  ovtov oe  RANKL Asrtovpyikés  dokipég

00TEOKAOOTOYEVESN G Kol € dOKIHES KuTTopoToSikdtTag (ITivakag 4.1).
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Ewéva 4.4. Zynpotiki aneikovion T TEPUEROTIKNG dtodikaciog mov akorlov010nke yia Tov oyedroopo,

oOvOeon ko a&roréynon tov SPD-304 avaroymv.
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In Vitro melpdpata RANKL
ala ‘Ovopa XnukigEvwong|  Xnukég Tomog  |O: A yéveon 5uM |Kuttapoto§ikdtnta (1C50 [uM])
0 SPD304 C32H34F3N302CI2 TOgIKG 3.4

C30H31N304S ToEIKO
C31H33N304S TOEIKO

o] eRa233 | caHainzoss un napepno8ion
PRA_3 1_Sm C34H28F6N4 pnmapepmédion | o |

PRA_3 3 2 C31H28F3N302 | n napepnddion

PRA 335 C31H26F3N30 un apepmdsion
17, PRA 33 7 C27H24F3N30 UepI Tapepndsion >20
18| PRA 3.3 8 C30H24F3N303 | pepid mapspnddion >20
19 PRA 3 3 Sm C36H30F6N4 HN mapepnodion >20
20 PRA 5 15 C28H23N3045 un apepndsion 0
21 PRA 5 1 8 C27H21N306S un mapepmdsion 0
22 PRA 5 1 Sm C32H26N40652 0 0
23 PRA 525 C30H27N304S N mapepnodion 0
24 PRA 5 2 6 C23H23N5045 un apepmdsion 0
25 PRA 5 2 7 C26H25N304S un mapepmdSion 0
29 PRA 5 2 Sm C34H30N40652 HEPIKA apepnodion >20
30 PRA_5 35 C30H25N304S pn mapepnddion 0
31 PRA_ 5 3 8 C29H23N3065 UEPIKA Mapepnddion >20
32 PRA_5 3 9 C26H22FN3045 un apepmdsion 0
33 PRA_5 3 10 C24H21N304S2 un mapepmdsion 0
34 PRA_5_3_Sm C34H28N40652 pn mapepnddion 0
35 PRA 545 C29H25N304S N mapepnodion 0
36 PRA_ 5 4 7 C25H23N3045 un apepmdsion 0
37 PRA 5 4 8 C28H23N306S N apepmosion 0
38 PRA 555 C30H27N304S pn mapepnddion 0
39 PRA 557 C26H25N304S N mapepnodion 0
40 PRA_5 5 8 C29H25N3065 un Tapepndsion 0

43 PRA 6 3 5 C31H24F3N302 Hn mapepnodion

44| PRA 63 6 C24H20F3N502 | pepw mapspmddion 17.2
45 PRA 63 7 C27H22F3N302 un mapepmdSion 0
46 PRA_7 2 Sm C36H30F6N604 |  pepikd mopepmddion >20
47| PRA 7.3 5 C31H25F3N403 HEPIKA MapEUoSion >20

| 4o] pra73Sm [ CacHosFoN6O4 | pnmapeumébion | 0 |

PRA 8 3 8 C29H22N406 un napepnédion

53 PRA 9 2 9 C27H22F4N404 0 0
54 PRA 9 3 8 C30H21F3N406 pn mapepnddion >20
55 PRA_ 9 6 8 C34H21F3N406 pn mapepnddion 0
56 PRA_10 2 8 C29H26N404 Hn mapepnodion 0
57| PRA_10 3 8 C29H24N404 un mapepmdsion 0
58 PRA_11 3 8 C29H21IN508 pn mapepnddion 0
59 PRA_12 3 8 C29H25N504 LEPIKA Mapepnddion >20
60 PRA_ 12 3 11 C29H27N504 Hn mapepnodion 0
61 PRA_13 6 8 C34H23F3N404 un mapepmdSion 0
63 PRA_14 3 8 C29H22N408S N mapepnodion 0
64 PRA_15 2 8 C29H26N406S un apepmdsion 0
65 PRA_15 3 8 C29H24N406S pn mapepnddion 0
66 PRA_16_3 8 C23H18N406 pn mapepnddion 0
67, PRA_16 3 9 C20H17FN404 UEPIKA Mapepnddion >20
68 PRA_16_3_10 C18H16N404S Hn mapepnodion 0
69, PRA_Sm_1 8 C22H16N206 pn mapepnddion [
70 PRA_Sm_2 8 C24H20N206 pn mapepnddion 0
71 PRA_Sm_3_8 C24H18N206 Hn mapepnodion 0
72 PRA_Sm_2 5 C26H24N202 UEPIKA TAPERTOBIoN 0

Mivakag 4.1. ZovonTikog mivakog ToV 72 ev@ce®v avdaroymv tov SPD-304. Xtnv tpdtn 6ThHAn divovtal Ta
OVOLLOTO TOV EVDGEDY, IE TPAGIVO XPOUA CNUAIVOVTOL Ol EVOCELS LE TANPT TPEUTOIION EVD LE KITPLVO YpDLLOL
HE HEPIKN TTOpeUmOdIon. Aivetan, emiong, o yNUIkOg TOTOG TNG £VOGNG Kol GLVOTTIKG Ta in Vitro anotedéouata

TOV SOKILDV.
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Ano ta 17 avdioyo tov SPD-304 mov euppdvicav mAnpn mopeumdolon o€ SOKIUEG
0GTEOKAOOTOYEVEONC O GLYKEVIPOOTN SUM, emkevipodnkaue oe 7 evooelg mov £3e&av
YoUNAn kuttopotoéikdtnra. Tlepattépm a&loAdynon TV VooV avtdv £Yve G& OOKIUESG
00TEOKANCTOYEVEST|G Y10 VO TPOGOIOPIOTEL 1] KPIGIUN GLYKEVIP®ON OV TPOKAAEL AVOIGTOAN
g RANKL-gnayopevng dtapopomoinong oto 50% tav mpddpopmv kuttdpav (IC50) kot o
dokipéc MTT to&wdtnrtag yia va Ppebel n cvykévipmon mov wpokaiet Tov Bdvato tov 50%
TOV GLVOAKOV KVTTAPIKOV TAnBvopol (LCS50). Ot 7 evioelg eivan ot mopakdto: PRA2.2.1,
PRA2.2.4, PRA5.2.8, PRA6.2.12, PRA6.3.12, PRAS8.2.8, ot PRA9.2.8. Emiong,
a&loroynOnkav kot ot evdoelg PRA2.2.2, PRA2.2.3 tapd 10 yeyovog 6t Ty ToSIKéS o va
ovykpBovv pe tig PRA2.2.1, PRA2.2.4 apod avikovv otnyv idlo katnyopio. XLVET®G,
a&oroynOnkav TAnpwg 9 evooels.

Ewwotepa ot evooeslg g oepdg PRA2.2 éytve avtikotdotaon — TOL
tprpBopopedvropaivoro daktvriov (trifluoromethylphenyl moiety) pe apopatikd daxtoilo
Ko po Oetikn opdda (PhSO2) (PRA2.2.3). AkorovBwc, ota popla avtd £ytve amopudkpuvon
Tov peBviopddov 6mwg 1o 7° peBvio (PRA2.2.2), 10 6° pebvio (PRA2.2.4) | ko ta dvO
(PRA2.2.1) and v oSwebvroypopdvn. X oegpd tov evocewv PRA6.2 éywve
avtikatdotoon ----(PRA6.2.12) «or ------- (PRA6.3.12). Zmmv éveoon PRAS.2.8 éyxouv
npaypatoromBel vrokartactdoelg mov mepthappavovior 6o oto PRA2.2.1 660 kou 610
PRAG.2.12 dnAadn ariayn g dwapivng o€ dtapidlo, agaipeon kot Tov 600 pebviiov kot
avTIKaTdoToon Tov TprpbopopedvAo@aivoro daKTLAIOL 68 apOUATIKO OOKTOALO LE po Oetikn|
opdda (PhSO2). Xto pikpd popro PRAB.2.8 éxel avrikatactobel to tprobopopedoriio ce
alotovya opdda (NO2), £xet yiver oaddayn tng Olapiving o€ Sopidlo Kol amopdKpuven TV
ovo pebBvMov amd ™ Swebvroyxpoudvn. Téroc, n évoon PRA9.2.8 mepihoapfdaver
avtikatdotoon g Swpivng oe dwpido agaipeon twv 000 peBLAIOV Kol TPOGONKM

apvoopddag (NO2) otov tvdorkd daktoio (Ewk. 4.5).
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1 PRAS.2.8 @\ e
\/\‘r.:;‘ CF3

Avnkatdotacn me dtapivng oto dauidto,
ATOUGKPVVOY] TOV TOEKMY usBolopddny
Kot evakatactacn tov CF, pe NO,

Avnkordotac me dtapivne oto dtopidto,
TOUGKPLVOY] TV ToStKmV LzBolouddov Kot
apochrixn NO2 orov tvdoMKo duxtoro
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Meratpom) me
Stapivng oz Stapidto

Ewova 4.5. Zynpatikn ametkovion g mopeiag oOvOeons Kol VTOKATACTUONS TOV 9 EVOGE®V avOAIY OV

Tov SPD-304.

151



4.3. ALLOAGYN 0N TOV JUKP®V HoplwV TNG oelpag PRA2.2

Xe Olo ta popla tng oepds PRA2.2 éywve aviwkatdotaocn tov tpipbopopedvropaivoro
doKTVAIOL pE apopaTikd daktOAto Ko por Betikny opdda (PhSO2). To popro PRA2.2.3
epnpaviCer apketd mapopown yopoktnpotikd pe 1o SPD-304. To PRA2.2.3 mpoxadel
avactoAr] g RANKL-gmaydpuevng ooteoklootoyéveons Non amd TNV GLYKEVIPMOON TOV
0.5uM (IC50=0.86 + 0.18 uM) pe mapdpota to&dro o€ oyéon pe to SPD-304 (LC50=3.86
+ 1 uM) (Ek.4.6).

A.
N\ /N O
@5\( /
N (6]
.
Control 0.1%DMSO 0.5uM PRA2.2.3 1uM PRA2.2.3 2uM PRA2.2.3 5uM PRA2.2.3
D 3 E.
e
; 1004 1C50=0.86=0.18uM ) 1004 LC50=3.86=1.00uM
P
= >
z >
= & 50
[
O 2
o K
<
& 0
=
X
PRA2.2.3 (uM) PRA2.2.3 (uM)

Ewéva 4.6. H enidpaon tov PRA2.2.3 otnv RANKL-emayopevn doKip1] 06TEOKAAGTOYEVEGNS KO GTV
empioon TOV KUTTAPOV. ZVYKPIoN TG YNUKNG dopng tov SPD-304 (A) pe v avrtictoyn tov PRA2.2.3 (B)
Omov pe pmke ypdpo VIOdNAGVETOL 1 opada mov avtikataotddnke oto SPD-304. (C) IMapeumddion g
RANKL-gmayopevng 00T€0KAOGTOYEVESTG OGTEOKANOTMV GE £vo, E0POG cvykeviphoewv and 0.5-5 pM. (D)
Iocotkdg mpocdiopiopdg g TRAP evepyodtntag oe cuykevipdoelg tov PRA2.2.3 and 0.1-5 pM (IC50=3.86 +
1.00 pM, n=3). (E) IMocotikdg mpoodiopiopds g emPimong twv Kuttdpmwv ce cuyKeviphoelg tov PRA2.2.3

a6 1-10 uM (LC50=3.86 + 1 pM, n=3). Ta nelpdpata etoavoainednKoy ToOLAGYLIGTOV TPELS POPEC.

152



10 ukpd popro  PRA2.2.2

€yve

EMMAEOV  OMOLAKPLVON

tov 7 pebviiov

ms

dyebvloypopdvng. Qotdco, 1o PRA2.2.2 eppavilet idio copmeptpopd avasTtolng o€ SOKIUES
ooteokhlaotoyéveong pe to PRA2.2.3 (IC50=0.84 + 0.17 uM) kou to&ikotntog (LC50=4.78 +

0.08 uM) (Ek. 4.7).
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CF,
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173
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175}
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PRA2.2.2 (uM) PRA2.2.2 (uM)

Ewéva 4.7. H enidpaon tov PRA2.2.2 otnv RANKL-emayopevn doKip1] 06TE0KAAGTOYEVEGNS KO GTV

gmpioon TOv kKuttdpov. (A) Tdykpion g ynuikng dopng tov SPD-304 pe (B) avti tov PRA2.2.2. (C)

Hapepmodion g RANKL-gnaydpevng d10d1kaciog oynuaticod 06TEOKAAGTMV GE £Va EDPOG GLYKEVIPDOGEMV

and 0.5-5 uM. (D) IMocotikdg Tpocdiopiopds thg TRAP gvepydtntag og cuykevipdoelg tov PRA2.2.2 and 0.5-5

uM (IC50=0.84 £ 0.17 uM, n=3). (E) [TocoTtikdg Tpocdlopiopdg Tng EMPImONg TOV KUTTAP®V GE GUYKEVIPOOELG

tov PRA2.2.2 and 2-10 uM (LC50=4.78 £ 0.08 uM, n=3). Ta nepduoto eravoaleonKay TovAd IOTOV TPELS

POpEC.
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Y10 popo PRA2.2.4 éyer amopoaxpovlel 1o 6° pebdodo omd v Syebvroypopndvn pe
amoTéAECUO VO TOPOLCLACEL  UIKPOTEPT OVACTOAY G€ OOKUEG OOTEOKANGTOYEVESNG
(IC50=3.94 £ 0.32 uM) oArd ko pukpdtepn toéikdtnra (LC50=12.6 + 1.6 pM) o€ oyéomn pe
10 SPD-304 (Ewx. 4.8).
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Ewéva 4.8. H enidpaocn tov PRA2.2.4 otnv RANKL-emayopevn doKip1] 06TEOKAAGTOYEVEGNS KO GTV
gmpioon tTov kuttdpov. (A) H ynuwn dopn tov SPD304 cuykpiveton pe (B) v avtitoyn tov PRA2.2.4. (C)
Hapepmodion g RANKL-gnaydpevng d1001kaciog oynuaticod 06TEOKAAGTMV GE £Va EDPOG GLYKEVIPDOGEMV
and 0.5-10uM. (D) Moocotkdg mpocdiopiopdg g TRAP gvepydtntag o€ cuykevipmoelg tov PRA2.2.4 and 0.5-
10uM (IC50=3.94 + 0.32 uM, n=3). (E) Mocotkdg mpocdopiopdc ¢ emPimong twv KLTTAp®V O€
ovykevipooelg tov PRA2.2.4 and 2-20 uM (LC50=12.6 = 1.6 uM, n=3). Ta mepdpota enxovarnednkay

TOVAGYLOTOV TPELG POPEC.
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Téhog, T0 popo PRA2.2.1 gupavifel v kaAdtepn ovumepipopd amd OAa To pdpla g
oelpdc PRA2.2 xabBdg emdekvdel opketd KOA OVOGTOA] TNG OCTEOKANGTOYEVEGNG
(IC50=2.5 £ 0.67 uM) aArd caeng pikpotepn towotnto (LC50=58.5 £ 5 uM) oe oyéon e
10 SPD-304 (Ewx. 4.9).

A.
N (@)
N 4
N (0]
CF;
G,
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-
o
o
Y
-
o
(=]
Y

1C50=2.50=0.67uM LC50=58.50=5.00uM

% SURVIVAL
2

T g v v 0 T v T \
052 5 10 15 20 20 50 75 100

PRA2.2.1 (uM) PRA2.2.1 (uM)

%TRAP ACTIVITY/g protein
=

Ewéva 4.9. H enidpaon tov PRA2.2.1 otnv RANKL-emayopevn doKip1] 06TEOKAAGTOYEVEGNS KO GTV
empioon tov kvrttdpov. (A) H ynux dopn tov SPD304 xor (B) m avtiotoyn tov PRA2.2.1. (C)
Hapepmodion g RANKL-gnaydpevng d1081kaciog oynUaTtiopod 06TEOKAAGTMV GE £VaL EDPOG GUYKEVIPOGEWDV
amd 2-20uM. (D) Tocotikog npocdiopiopdc g TRAP evepydttog og cvykeviphoelg tov PRA2.2.1 and 0.5-
20uM (IC50=2.5 = 0.67 uM, n=3). (E) IMoocotikdg mpocdopiopds G emPimong TV KLTIAPOV ©€
ovykevipooelg tov PRA2.2.1 ard 20-100 uM (LC50=58.5 + 5 uM, n=4). Ta zmepdpote erxovarnednkoy

TOVAGYLOTOV TPELG POPEC.
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4.4. A§loAoynon twv avactodéwv PRA6.2.12 kot PRA6.2.13
2mv opdoa tov PRAG6.2.  peikemoope 2 evooets, 116 PRA6.2.12 kor PRA6.3.12, pe moAd

OeTIKd AMOTEAECUATO. OTNV OVOIGTOAN TNG OCGTEOKANGTOYEVESNG 68 cLvykévipworn SuM. To
popro PRAG6.2.12 ot0 omoio €yer yiver ----- , mapovctalel Wwitepn OpacTIKOTNTO OTNV
avactoAn g ooteokiaotoyéveong (IC50=0.12 + 0.06 pM) ot pkpotepn TOEIKOTNTA
(LC50=19.5 £ 1.51 pM) o€ oyéon pe to SPD-304 (Ew. 4.10).

A B.
N
\
\
N
CF3
]

Control 0.1%DMSO 0.1uM PRA6.2.12 0.5uM PRAG6.2.12 1uM PRA6.2.12 2uM PRA6.2.12

D. § E.
°
5 100 IC50=0.12£0.06uM = 100+ LC50=19.50+1.51uM
= -
= >
E 50 % 50+
wn
< C
& )
m c . T . T . d 0- T T T T 1
S 01 050751 2 101520 30 50
PRA6.2.12(uM) PRA6.2.12 (uM)

Ewoéva 4.10. H emidpacn 1ov PRAG6.2.12 6tnv RANKL-gmayépevn doKip 06TE0KAO.GTOYEVEGN S KUL OTNV
empioon Tov kutTdpov. (A) H ynukn dour tov SPD304 cuykpivetan pe (B) v avtictoyn tov PRAB.2.12
omov pe pmAe ypopo vrodnidvoviat ---. (C) Mapeunddion tng RANKL-grnayopevng d1ad1kaciog oynuaticpon
00TEOKAQOTOV ©€ €va gbpog ovykeviphoswv omd 0.1-2uM. (D) IMocotikdg mpoodiopiopdg g TRAP
EvVePYOTNTOG 08 GLYKEVIP®OGELS Tov PRA6.2.12 and 0.05-2uM (IC50=0.12 + 0.06 pM, n=4). (E) IMocotikog
TPOGOLOPIGHOG NG eMPlOoNS TOV KLTTAPWOV 08 GLYKeVTp®Sel; Tov PRA6.2.12 ard 10-50 pM (LC50=19.5 +
1.51 uM, n=3). Ta mepdpato eravoareONKOV TOLAGYICTOV TPELS POPEC.
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To GAlo poéplo g oepdg, to PRAG.3.1.2, 610 omoio €yet yivet

eppaviCeton kot avtd

apKeTd OpacTikd o dokég ooteokiaotoyéveong (IC50=0.13 + 0.07 uM) ko mapovctalet

eAMappag petwpévn to&ikotra (LC50=8.44 + 0.53 uM) og oyéon pe 1o SPD-304 (Ew. 4.11).

A. B.
N
\
R
N
CF;
g
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Ewoéva 4.11. H emidpacn 1ov PRA6.3.12 6tnv RANKL-gmayoépevn doKip] 06TE0KLAGTOYEVEGNS KU 6TV

gmpioon TOV KuTTApOV. TOHYKplon Tng MUK doung tov (A) SPD304 ue v avtiotoyyn tov (B) PRA6.3.12.

(C) Mapegumddion g RANKL-gmayopevng oSwdikaciog oynUATIOHOD OCTEOKANCTM®V O€ £va  €0POg

ovykevipooewv ord 0.1-2uM. (D) TMocotikdg mpocdiopiopdc g TRAP evepydmtog 68 GLYKEVIPOGEIG TOV

PRAG6.3.12 and 0.05-2uM (IC50=0.13 + 0.07 uM, n=3). (E) IMocotikdc mpocdiopionds g emPioong tov

Kutthpov oe ovykevipaooels tov PRA6.3.12 and 1-50 uM (LC50=8.44 + 0.53 puM, n=3). Ta mepdpota

EMOVOAN PO KAV TOVAGYIGTOV TPELG POPES.
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4.5. AfloAdynon tov avactoréa PRA5.2.8
To pkpo popo PRAS.2.8 mepiéyel Ohec 11 gvepyetikég tpomomomosels tov PRA2.2.1 kot

PRAG6.2.12. To popro PRAS.2.8 eppavilel pikpodtepn avooToAn TNG 0GTEOKAUCTOYEVEGNG
(IC50=8.55+£1uM) aArd coemg apketd pkpotepn towotnto (LC50=62.33 + 2.59 uM) oe
oyéon pe 1o SPD-304 (Ew. 4.12).

0
0

v

0

SuM PRAS.2.8 10uM PRAS.2.8 20uM PRAS.2.8

D = E.
L
-
5. 1004 1C50=8.55%1.00uM 5 LC50=62.33+2.59uM
o 100
: s
Eso é
S 2 50
- B
R ol— >
$ 2 5 10 15 2 20 5 75 100

PRAS.2.8 (uM) PRAS.2.8 (uM)

Ewova 4.12. H emidpaon tov PRAS.2.8 oy RANKL-gmayopevn) d0Kipu1] 06TEOKLUGTOYEVEGNS KOL GTIV
gmpioon tov kurtapov. (A) H ynukn doun tov SPD-304 war (B) m avtiotoyn tov PRA5.2.8. (C)
Hapepnddion g RANKL-gnaydpevng ooteokhaoctoyéveong o€ éva €0pog cuykevipdoswv omd 2-20uM. (D)
Tocotikdg Tpoodiopiopds g TRAP gvepyodmrag og cvykevipoacelg tov PRAS.2.8 ard 2-20uM (IC50=8.55 £ 1
uM, n=3). (E) ITocotikdg Tpocdiopiopds g emPimons tmv Kuttdpwv o€ cuykevipmdoelg o PRAS5.2.8 and 20-

100uM (LC50=62.33 + 2.59 uM, n=3) Ta nepdpora exovorin@dnkay TovAdy1oToV TPELG POPES.
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4.6. ALLoA0ynon Tov pkpov avactoria PRAS.2.8

To popro PRAS.2.8 mopovcidlel dwaitepo evolapépov, kol €xel mPOoKOLWYEL VOTEPL OO
avtikatdotoon g owpiving og dwpidlo, amopdkpuvon Kot tov 2 pebuiov g
oyebvloypopdvng kol avtikatdotaon tov tprpbopoucbdiiov pe po alotodyo opdda
(NO2). [Mapovoidlel onuovtik) avacstoAn g ooteokAactoyéveong (IC50=1.87 + 0.23 uM)
KkaBmg kot apketd pikpotepn to&ikotnto (LC50=51.97 + 2.64 uM) o¢ oyéon pe to SPD-304
(E. 4.13).

A. B.
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-

o

o
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IC50=1.87+0.23uM LC50=51.97+2.64uM

50-

% SURVIVAL
S

— . \ 01— ' + .
1 2 5 10 10 20 50 75 100
PRAS.2.8 (uM) PRAS.2.8 (uM)

%TRAP ACTIVITY/g protein

Ewova 4.13. H emiopaon tov PRAS.2.8 oy RANKL-gmayopevn) 00Kt 06TEOKLUGTOYEVEGNS KOl GTI|V
gmpioon tov kurttdpov. (A) H ynu doun tov SPD304 kot (B) tov PRA8.2.8. (C) IMapeumddion tng
RANKL-gnayopevng duadikooiog oxnUoTiopod 06Te0KAACTOV 08 £vo. £0pog GLYKEVTIPpOGE®V artd 1-10uM. (D)
Iocotikdg mpocdiopiopdg g TRAP evepydmrtog oe ovykevipdoelg tov PRA8.2.8 and 1-10uM (IC50=1.87 +
0.23 puM, n=4). (E) Moocotikdg mpoosdiopiopds g enPioons Tmv KuTtdpwv o€ cuykevipdoels tov PRAS.2.8
a6 10-100puM (LC50=51.97 £ 2.64 uM, n=4). Ta nelpdpoto enavorlnednKoy ToLAI(IGTOV TPELS POPES.
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4.7. ALloAdynon tov avactoréa PRA9.2.8

Axoun éva popo 1o PRA9.2.8 mov mapovciilel evorapepov, To omoio TpokuTTeLl VOTEPA OO
avtikatdotoon g owpiving og dwpidlo, amopdkpuvon Kot tov 2 pebuiov g
dyebvloypopdvng kot tpodcheon pog alwtovya opdda (NO2) otov tvéorkd daktvAlo (Euw.
4.14A-B). IMapovoidler koA avoaotorn g ooteokAaotoyéveong (IC50=2.92 + 0.23uM)
kabog kot pkpotepn to&cotnta (LC50=13.07 = 0.94 uM) oe oyéon pe 1o SPD-304 (Ew.
4.14C-E).

A. B
0 Y (0]
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N/ N\ /N 0
\ \ 4
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Control 0.1%DMSO 1uM PRA9.2.8 2uM PRA9.2.8 5uM PRA9.2.8 10uM PRA9.2.8

D. £ E.
£
5 4004 1C50=2.920.23uM - LC50=13.0740.94uM
< -
<
2 2
- >
£ 50 B
O 7
. S
é 0L—— , ! 0t ’
S 12 5 10 25101520 50
PRA9.2.8 (uM) PRAY.2.8 (uM)

Ewoéva 4.14. H enidpaon 1ov PRAI.2.8 oty RANKL-emayopevn 00K} 06TEOKAUGTOYEVESNS KOL GTV
emPioon tov kurtdpov. (A) H ynuxn dopn tov SPD304 kot (B) tov PRA9.2.8. (C) IMapeunddion tng
RANKL-gnayopevng duadikooiog oxnUoTiopod 06Te0KAAOTOV 08 £vo. £0pog GLYKEVIPpOGE®V ard 1-10puM. (D)
Mocotkdg Tpocsdropiopds g TRAP evepydttag oe cuykevipdoelg tov PRA9.2.8 and 1-10uM (IC50=2.92 +
0.23 uM, n=3). (E) Iocotikdg mpocdiopiopds g emPimong Towv KuTTdpov 6g cuykeviphoelg tov PRA9.2.8

am6 2-50uM (LC50=13.07 = 0.94 uM, n=3). Tao mepdpoto eravoaln@OnKoy ToOLAGYIOTOV TPELS POPEC.
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4.8. Ipocdioplopog TG wKavotntag Séougvong twv SPD-304
avadoywv otnv tpwteiv) RANKL Ttov avOpwmov

Tao cvumepdopato mov TpokvIToLy dokiudlovtag ta 7 avaroyo tov SPD-304 oe mepdpota
00TEOKANOTOYEVESTG KOl TOEIKOTNTAG Ol VOV OTL EPPaVIlovV HeYOADTEPT] OPAUCTIKOTNTO KoL
pelopévn toéikodtra o oyéon pe to mpwtdétuono SPD-304. Ta mepapotikd avtd dedopéva
épyovtor vao emPefaidooVV Kol o GEPAE TEWPAUATOV TPOGIOPIGHOD TNG KOVOTNTOG
déopevong tov popiwv avtdv pe v tpoteivi-otoyo RANKL. H gpevvntikn opdda tov kab.
INopyov Kovronidn (Iaveriotyuio Osocariog) epappooe in Vitro teipduata dEopeuons yio
OV VIOAOYWOHO NG otafepds ddotaong (Kd) tov copumidkov pikpod popiov:mpmrteivng
RANKL (Papaneophytou et al. 2013). Ztov 7opokdt® 7ivake ONUEIOVOVTOL TO
ATTOTEAECUATO TPOGOESNG TV EVVEN OVACTOAEWMV OV HEAETHONKOV OTTOV TTapaTnpovpE OTL
tov peyoAvtepo Pobud ovyyévewng pe tov RANKL gpoaviCouv ov evooelg PRAG.2.12,
PRAS.2.8 ka1 PRA9.2.8 pe Kd ion pe 0.7, 2.18 ko 2.82uM avtictoyya. Eniong, vynid fabuod
déopevong pe tov RANKL gpopaviCouv ot PRA2.2.1, PRA2.2.4, PRA5.2.8 kor PRAG.3.12
(ITivaxag 4.1I). TIoAd onpavtikd sivor o yeyovog 0Tt Ko tor evvén avaroyo tov SPD-304

epeaviCouv peyaddtepn TpocdeTiKn tkavotnta o€ oxéon pe to SPD-304 (14.1uM).

ala Compound ID Kd (pM)
1|PRA 221 5.24
2|PRA 222 6.62
3|PRA 223 8.71
4| PRA2.2 4 4.9
5|PRA 528 4.6
6 | PRA 6 2 12 0.7
7 | PRA 6 3 12 4.6
8| PRA B8 28 2.18
9|PRA9 28 2.82
10 | SPD-304 14.1

Mivakog 4.11. Zvvontikog wivakag pe Ty otadepd dvdstaong (Kd) tov evvia avastoriwv ko Tov SPD-

304.
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4.9. AvixVvevor) TOV QVAGTAATIKOU pnxavicov spaong twv SPD-304
avaAOywv pe ™YV TpwTEivy-oTto)xo RANKL Tov avlpwmov

[Tponyovpévag, eidape 01t 10 SPD-304 adiniemidpd pe ™ eEoxvtropiky RANKL npwteivn
TOV TOVTIKOD TPOTOTOIMVTAG TNV QULGIKY Olopdpewon ovtne. Ewdikdtepa, eidape 6Tt
npokaAel amootabepomoinon tov RANKL tpuepodc pe towtdypovn amodécpevon twov
povopep®v pe mbavd emakdAovbo v advvapio tpodcdeong otov vrmodoyéo RANK mov
oNUOTOd0TEL TNV dpopomoinon Kot wpipoven  Tov  ooteokiaot®v. Opoimg, 1
TapeUmodoTIKy Opdon tov SPD-304 oavoldywv oE  TEPAUOTO OCGTEOKAUGTOYEVESTG
ypnoonotwvtag avOpomivo RANKL pog mbnoe va diepevvioovpe tov mhovod Unyovicpuo
avaoTOANG TOL Tpluepiopon ¢ emkvttapikng RANKL mpoteivng tov avBpomov og
newpapato cross-linking kot avocoamotinmong.

Apycd, €ywve mpoemmoaon tov RANKL pe ta pikpd poplo avactoAeis o€ d14Qpopeg LOPLokEg
avaroyieg (1:1), (1:3) wor (1:10) dwtnpaviog otabepr v mocdtmto tov RANKL. H
poplaxn ovaioyio Tov HIKpOV popiov ce KABE aviidpacn TPOET®ACNS VTOAOYIGTNKE LE
Baon tov apBud popiov tov RANKL avé tpiuepés €101 dote my £vo LOPLO AVOGTOAEN V.
avtiotoyyel pe éva popro tpipepovg g RANKL npwteivng (1:1). Xe nepdapoato cross-linking
dokpaoape to SPD-304 xou tpeig avactodeis: to PRA2.2.1, PRA2.2.4 xor PRAS8.2.8.
Anovcio kdmowov avactoréa 1 RANKL mpoteivn oynuatiferl kavovikd tpiuepn, dyuepn ko
povopepn (1:0). Avrtibeta, mapoammpnoape 01t mapovcsioc tov SPD-304 éyovpe octadiokd
avEnon TV SUEPOV KOl LOVOUEPDV, GTOLXELO TOL VTOINAMVEL TNV VTAPEN OAANAETIOpAONG
pe to tpyepéc tov RANKL. Emiong, o6tav mpocoOécope tov avaoctoréo PRA2.2.1
TOPOTNPNCOUE OTOOWOKY] UEIMON NG £€VIOGT TOL TPYEPOLS WE TAVTOXPOVY avénom Tomv
povopepmv, 660 av&dvetar n ovoroyia Tov ovactorléa oty avtidopoon pe v RANKL
npoteivn (Ew. 4.15B). Tlapopowo swkdéva mopatnpicape 0tav TpocHicape Tov avooToAE
PRA2.2.4 6mov &ival epeavig 1 amodécpenon tov povouepmyv o€ avaroyio (1:3) ko (1:10)
(Ew. 4.15C). Téhog, o avactoréag PRAB.2.8 eaiveton vo amootabepomolel onuaviikd to
RANKL tpiuepés kabag oe avoroyia (1:3) xat (1:10) mapatnpovpe onUovTiK) Hel®oTn ™G
évtoong tov Tpepovg kot avénon tov povopepav (Ew. 4.15D).  Zvumepaopotikd,
mapotnpovpe Ot ot tpeg avaoctoAeic PRA2.2.1, PRA2.2.4 xar PRAS.2.8 gumiékovion
OpaoTikd og Evav mapopoto punyovicpd arnocstabeponoinong tov RANKL tpuepovg 6mmg to
SPD-304 (Ew. 4.15A), evdd moapdAinAa olvel pio epunveio g adLVOpiog GyNUOTIGHOD

0GTOKANGTAOV TOPOVGIO TV OVOCTOAEWV.
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A - hum RANF.L:SPD304 B hum RANEKL:PRA221
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(C. humRANKLPRA224 .  bhumRANKL PRAS2S

1:0 1:1 1:3  1:10 10 111 I3 110

'
'
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20kD-

Ewova 4.15. Ermidpaon tov SPD-304 ko tov SPD-avaiéyov PRA2.2.1, PRA2.2.4 kou PRAS8.2.8 otnv
onehev0ipoon povopepdv. Iepdpata cross-linking kot avosoarotonmon peta&d RANKL ot (A) SPD-304,
(B) PRA2.2.1, (C) PRA2.2.4 ka1 (D) PRA8.2.8 . Ot avaAoyiec avapépovial 6Ta Loplo TpoTeivng ova tpiuepég
TPog o poplo. avootoréo. H ovocoomotimmon kotd Western £ytve ypnollomoldvIog EVa TOAVKA®VIKO
avtioopa Tov ctoygdel Tov avOpdmivo RANKL.. Xty apiotepn mAevpd kdbe avocoomToTOIMGCNG CNUELDVOVTOL
Yoot popkd Bapn ko otn de&1d o1 Béoelg Twv tpiuepdv (trimers), dyepdv (dimers) kol povopepov
(monomers).
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KE®AAAIO 59
AIIOTEAEXMATA MEPOX 39
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KE®AAAIO 5. AIIOTEAEXMATA MEPOX 39: Néax povtéda
00TEOTIOPWONG OV VTIEPEKPPAlovy To huRANKL

5.1 Anpovpyia StayoviSlakmwv movTikwy yia to yovisio RANKL tov
avOpwmov

H onuovpyla dtayovidtokdv moviikeov mov vrepekepdlovv tov RANKL tov avBpomov
amoTéAece oTOY0 otV gpevvnTikn ouddo ™ Ap EAévng Ntovvn kabmdg ftav Ekdnin n
amoVGia VOGS aVTIGTOLYOV O10ryoVIdKOD HOVTEAOV 6TV Pacikn Kol epaprocuévn Epevva. H
onuovpyia evég RANKL Swayovidiakod poviélov okomevel vo fondncel oty Kotavonon
TafoAOYIKGV punyovicu®v mov diémet n vrepékepacn tov RANKL kot emumAéov mbavov vo
amOTEAECEL €VOl KATOAANAO TPOTLIO TEWPAPATIKO HOVTELD Yo TV afloAdynon véwv
avactolémv oo RANKL.

Mo va emtoyovpe eucololoyikd mpdtvmo Ekgppacng tov RANKL yovidiov tov avOpdmov
(huRANKL) og drayovidraxd movtikia (TghuRANKL), emAéEape va ypnoipomomoovpe évo.
yevouko tunpo 200kb wov meprerdufove to huRANKL yovidio 1o onoio amopovodnke and
éva. KA@vo Paktnplokod texvntol ypopocopotog (Bacterial Artificial Chromosome, BAC).
Ta dwryovidiokd movtikio TOv EEPOVV TOGO UEYOAES YOVIOIMUOTIKEG KATOUOKEVES, OMWG Ol
BAC «iovot, @aivetar 6Tt akolovBodv £va UGIOA0YIKO TPOTLTO VAEPEKPPUCNC TOL
dwryovidiov kot 1 ékepoaoct eivol avaioyn Tov aptBpov TV avTypae®V TOL dayovidiov Kot
ave&aptnt amd eowvopeva enidpacn Oéong (van Keuren et al. 2009). And évav BAC kAdvo
(RP11 - 86N24, ImaGenes GmbH, Berlin, Germany) éywe anopdveon pag 200kb yevo kg
neployng votepa amd méEyn pe Notl, n omoila mepiéyel tig kmdkég meproyég tov huRANKL
yYovidiov KaBdg kat OAeg T pLOUICTIKEG TTEPLOYES TOGO otV 5 060 Kau oty 3° meployn (Ew.
5.1A). AkohoOOmG, £yvav PIKPOEVEGELG GE TPOTLPNVES YovViLomomuévey mopiov (Douni et
al., 2004), 6mov tehMkdc Toparapape 4 dayovidtakove Wputég (founders): Tg5516, Tg5519,
Tg5520 ka1 Tg5521 o1 omoiot épepav 0 Stayovidro. O dtayovidiakodg Wpvte TgS5521 frav
UOCOTKOC Kot dev peemnOnke mepoutépw, eved o Tg5520 dev €dwoe moté amoydvovg. ‘Etot,
EMKEVTIPOONKALE OTNV UEAETN TV dV0 dtayovidlokdv Wputmdv Tg5516 ko Tg5519 kabog

nrtav yovipotr kot €dwvay aroyovous (Ewk. 5.1B).
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Ewova 5.1. Anpuovpyia d10yovidlak@v tovTik@v mov ¢Epovy to yovidro huRANKL. (A) To yevoukd tuqua
OV YPNOCHOTOMONKE YL TIG WKPOEVEGES GE TPOTVPNVES YOVILOTOMUEVOV oapiov. Me moptokaii
TOPICTAVETOL 1) KOJIKT| TEPLOYT, KOl LE KITPVO Ol TTEPLoYEG exatépwbev. Avaypapovtal miong To pueyéhn tov
tunpatov og kb, (B) Avtidpacn PCR aviyvevong tov dtayovidiov 6tovg d1oyovidiokog 18puTés, e xpnomn evog
Cebyoug exkivntdv ov vPpdilel oto 5° tov huURANKL aiAd oyt og ekeivo tov moviikod. DNA and 1o BAC

KA@dvo ypnoomomnke ¢ Oetikdc pdpropag evdd DNA amd éva dGypiov tomov CS57BL/6  movriki

APNOOTOWONKE MG APYNTIKOG LAPTLPAG.

e JoTOVPMCELS EdpaimoNg TOV GEPOV ot dtayovidtokoi 1Oputéc TgS516 o Tg5519
petafipacav to dayovidro oe avaroyio 50% kot 6ta 600 EOAN GOUPOVA LE TIC OVOLLEVOLEVES
pevteMavég avaroyieg. O TpOTOS YOPUKTNPIGUOC TOV SLOYOVIOINKDV CELPDY EMKEVIPOONKE
GTOV TPOGOLOPICUO TOV aPIOIOD TV OVTIYPAP®V TOV 01aryovidiov mov eépovy. Me mToGoTIKY
avaivon PCR zmpaypatikov ypovov (QPCR) ypnoyomoidvtag éva (enydpt EKKIVIITOV TOL
vPpiler 1060 oto huRANKL 660 kot oto RANKL tov moviikov (MURANKL), éywve
TPOGOOPIGHOG TOL OPOROY TOV AVTIYPAPOV Yo TIG Olyovidlokég oelpég 195516 ko
Tg5519. Kartapynv, oe 6Aa ta movtikia (WT, Tg5516, Tg5519) evtomilovton ta 2 avtiypoga
tov egvooyevoug MURANKL yovidiov. H dwayovidwokn oepd Tg5516 @éper emmiéov éva

avtiypago tov huRANKL evd m Tg5519 déka emmAiéov avtiypaga (Ew. 5.2).
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SOUTEPACUATIKG, KATOTAGGOVE TIC SL0LYyOVISIOKES GEPEG € dVO Katnyopiec avdAoya Le ToV
apOpd avtypdeov: 1 dtayovidlakn cepd v Tg5516 yapaknpiletor og xoapniov aptBpov
avtypaowv (low copy) evd n Tg5519 og vyniov apiBuov aviypaewv (high copy).
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Ewéva 5.2. Ap1Opég avtiypa@mv 100 d1ayoviolov oTis dtayovidtokés oetpés Tg5516 ko Tg5519. Me ypnon
gPCR, &ywve Tpoodioptopdg Tov cuvoiikoy aplBuod tov aviypdemv (cn=copy number) tov RANKL t6c0 tov
dwyovidiov (huRANKL) otig dwayovidwokég ogpég Tg5516 ko Tg5519 (n=8-9 avd opdda) 660 kot TOv
gvooyevoug MURANKL.

5.2 [IoooTIKY) AvaAvon TewV EMMESWV £k@pactS Tov yovidiov RANKL
TOVU avOpWToV Kat Tov TtovTikoV ota Tg5516 kat Tg5519 movtikix

Me Bdon tov aplfpud tov avtlypdemv Tov eEPOLV ot dVo dlayovidlakes oelpég Tg5516 ko
Tg5519 avouévoovpe dapopetikd emineda Ekppaong tov diayovidiov huRANKL cuykpirika
peta&y tovg. ‘Etol, mpaypatomombnke aviivon Tov emmEO®V £KOPOCNS TOL YOVIOIOU
huRANKL og didpopovg 16t00¢ OmmdG 00Td, €yképaro, Ovpo, omhqvo, Mmap, VEPPO,
TVEOOVOL KOl KOpPAld OVAIESH OTIG 000 dlayoVISIOKEG CEPEG YPTOILOTTOIMVTAG £va Cevydpt
ekKivnToVv mov vPpdilel poévo pe to yovidro huRANKL. Ta amotedéopatd pag deiyvovv 6t
Tg5519 dwyovidiaxn oepd (high copy) supavifer o vynAdtepa  emimeda EKPPOONG TOL
avOpomvov RANKL cg 6Aovg toug mpog e&€taon 161o0g-0pyava 6e oyéon pe v 195516
Swayovidiaxn oepd (low copy). Ediotepa, mapotnpodue o vynAotepa ETITEdD EKQPOACTG

o€ 0010, eyk€paro, omAnva kol veppd (Ew. 5.3A).
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EmimAéov, mpocdiopicape 10 TpoOTLTO £KPPaoTG TOV evooyevovg yovidiov MURANKL otovg
id10vg TPOG £££TOOT 1GTOVG GE AYPLOV TOTTOV TTOVTIKIO NAKIOG 2 UNVOV XPNCLOTOIOVTOG VAL
Cevyapt ekkvntdv mov vPpdilet 1660 oto huRANKL 6co kot oto MURANKL. Ta
aroteAéopata dsiyvouv 0Tt To Yyovidolo MURANKL eppavilet to 1010 TpodTLIO EKPPOCTC LE TO
dlayovidlo og OAOVG TOVG 16TOVG e VYNAOTEPO EMITESN £KPPAONG OE OCTA, EYKEPOUAO KO
onAva (Ew. 5.3B). Zvumepoopatikd, Aowmdv PBAémovpe O6tL T0 MPOTLTO EKEPOCTG TOV
dwayovidiov huRANKL og 6Aovg Tovg 16100¢ 6TI¢ droyovidtokég oelpég TgS5516 kar Tg5519

axoAovBel 1o 1610 PuGLOAOYIKO TPATLTTO EKPPaCNC TOL Evdoyevonc MURANKL.
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Ewova 5.3. Zvykprtikn avdlvon tov smmédov ékepaong tov huRANKL og 814.¢90povg 161006 petad tTov
Tg5516 ko Tg5519 movTik®v ko TpdTvmo Ek@pacns Tov MURANKL. (A) ITocotik) avdivon pe qPCR tov
emnédov ékppaocng tov huRANKL yovidiov peta&d moviikdv twv Tg5516 kot Tg5519 doyovidlakdv Gelpdv
nixkiog 2 unvaev (N=3, avd opdda) ce d1GPopovg 16TOVG OTWS 00TA, £YKEPOAO, GTANVA, VEQPO, TVELLLOVA,

Kkapdid, Arop kot Oopo. (B) [Mocotikny avértvon pe gPCR tov emmédov £kppacng tov evéoyevovg MURANKL
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yovidiov og dyplov tHmov movtikio nAkiog 2 Unvev o€ dtdpopovg 16To0G 16To0S OTMG 00T, EYKEQOAO, CTANVA,
veppd, mvedpova, kopdid, map kot Bdpo (N=3, avd opdda). Ta anotedéopata eppavifovior wg pécot 6pot £

OIS G (*p<0.05, **p<0.01, ***p<0.001).

Mo va emrevybel pio cvykpitikn aviilvon tov emmédov Ekepacne tov huRANKL
dtayovidiov kot tov evooyevovg MURANKL yovidiov e didpopovg 1otovg tov 195516,
Tg5519 xou WT movtikav ypnowomomaoape éva (evydpt ekkivnt®dv mov vPpdilel toco pe to
huRANKL 660 ka1 to MURANKL. H avaivon npaypoatoromdnke peta&d tmv S10yoviStoK®mvV
oelpmv Tg5516, Tg5519 kar dypov tomov WT movtikia nlkiog 2 unvov 6tovg 16To0¢ mTov
npoavaeépnkav. [apammpncape 6tL ta Tg5516 movtikia epgaviCovv onpavtikd vynidTepa
enineda ékppaong tov RANKL cg oyéon pe ta dyplov tOmov moviikia 6 apKETOVS 16TOVG
Omwg eyképaro, veppd, mvevpova, kapdd ko Mmap. Emiong, ta TgS5519 movtikia
vrepekepdlovv tov RANKL og 6Aovg tovg 16100¢ cuvykpitikd pe too Tg5516 o tao WT

nmovtikio (Ewc. 5.4).

3 5 . ot o .
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l WT (1 Tg5516 B Tg5519

Ewova 5.4. Tvykprrikny avédivon tov emrédov ékgpaons tov RANKL og dwd@opovg 16100¢ petadv
Tg5516, Tg5519 kor WT movrik®v. Ilocotik) ovdivon pe gPCR tov semmédov éxppacng tov RANKL
yovidiov( avBpadmov Kot movtiko) petad tov Tg5516, Tg5519 kaw WT movtikdv niiog 2 unvev (n=3, avd
opada) o€ SAPOPOVS 16TOVG OO 00T, EYKEPUAO, OTANVE, VEQPO, Tvedlova, Kapdid, frap kot 6vpo. Ta

amoteAéopato epeoviovral og pécot 6pot £ tomikd cedipa (¥*p<0.05, **p<0.01, ***p<0.001).
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Qo1000, 1 vaepékepaocn tov hURANKL otic dioyovidiokéc oepég  dgv yvopilovue av
emnpealel to emineda Exppoong tov evooyevoc MURANKL. 'Etol ypnowyomoldvioag €va
Cevydpt exkivntov mov vPpdilet povo pe 10 MURANKL Oedioape vo diepguvicovpe ov
dlapopomotovvtol Ta enineda Ekppaong tov evooyevoug RANKL ota dtayovidiaxkd movrtikia
o€ oyéon UE TOL Ayplov TVTOL TovTiKla. E1d1kdTtEpO GTOLG 10TOVG TOL TOPATPOVUE TO
VYNAOTEPQ EMMESQ EKPPOONC TOV S1YOVISIOL OTMG TO. 0GTA KO TOV GTANVOL, TOPATPOVUE
OtL dev petafdrriovtor ta eminedo Ekepaocng Tov gvdooyevovg MURANKL yovidiov peta&d
OL0LYOVISLOK®MY TTOVTIK®V Kol Gyplov TOTOL TOVTIKOV TOGO GT0 06T OGO KOl GTNV GTANVA
(Ew. 5.5A).

Eniong, OeAnoape va diepevviicovpe mbavn ahlayr oto €mimeda EKQPOCNG TOV (PLGIKOV
avactoréa ¢ RANKL tov OPG Adym tng vmepékepacng Tov dayovidiov HETOED TV
Tg5516, Tg5519 kot tev dyplov tomov moviik®v. 'Etot, peAetioapie ta eninedo EKPpaong Tov
OPG yovidiov Tov movtiko¥ ota 0otd kabmg kel evromiovpe v peyaldTePN EKEPACT TOL
huRANKL dwayovidiov. ITlapatnprioope Ott dgv vmdpyet kdmowo Stopopd ot emimeda
éxppoong tov OPG yovidiov peta&y Tg5516 koauw WT movtikov, eved evtomiletor avénon ota
enineda ékppaong tov OPG ota Tg5519 movrikia mepimov 3 @opéc oe oyéon pe ta WT
nmovtikie (Ew. 5.5B). H avénon tov emmédwv ékppacng tov OPG yovidiov iomg amoteiet
gvav unyoviopd apvntikng poouong évavit g vrepékepaons tov huRANKL Swayovidiov pe

oKomo TV €E100pPOTNGN TNG OGTIKNG OTADOAELNGS.

c A Bg
gz “ g 4. . WT
$2 g .
g2 g9 Tg5516
c 8 ¥ < 0 2 .
3 0 £ | | Tg5519
%E s [l

QOoTa FTAvag Ocra

Ewéva 5.5. Zoykprrikn] avdivon tov emmrédov Ekepoong Tov gvooyevovg RANKL kot OPG yovidiov. (A)
Iocotwn avdivon pe PCR tov emmédwv ékppaong tov yovidioo MURANKL ota 0ootd kot TOv omhniva Heta&hd
Tg5516, Tg5519 kot WT movtikdv nikiog 2 unvav (n=3, ava opdada). (B) TTocotikn avdivon pue gPCR tov
emmédov kepaong tov OPG yovidiov oto ootd petag&d Tg5516, Tg5519 kaw WT moviikedv niikiag 2 unvov

(n=3, avd oudda). To anotedéopato eppaviloviar wg pécol 6pot £ tomkd ceaiua (*p<0.05).
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[Ipoécpateg peréteg ava@Eépovyv OTL TO, 0GTEOKVTTOPA, ONAAOT Ol OPHLOL 0GTEOPAACTEG TOV
Bpiokovtol «moydevpévory PEGO GTOL 00TE, GmOTEAOLV TNV KOPL TNy EKEPOCNG TOL
RANKL (Nakashima et al. 2011), xétt to omoio Oshnoape va eréyéovpe otor TQRANKL
dtayovidrokd movtikia. O welpapotikdg oyedacpudg mov akolovdnoape meptiapfdver v
OVLYKPITIKY avalvon tov emmédmv ékepacng tov dwayovidiov huRANKL oto kdttapa tov
HLEAOD TOV 00TMV Kol OTA 00TA OTOv £)el Yivel EMONON TOV KLTTAP®V TOV HVEAOD TV
00TMOV OMOTE O KUPLOG KVLTTOPIKOS TUTOG €lval TO O0GTEOKLTTOPO. XPNCLOTOUDVIOS EVOL
Cevydpt exkkivntov mov vPpdilel pévo pe 1o evooyevég MURANKL mopatnpricape 0tL ta
emineda €kppaong tov RANKL oto ootd eivor onpoviikd vynAdtepa ce oyéon He Ta
KOTTOPO TOV HVEAOD TV 0GTAOV, EVO OVOADOVTOG GTOVG 101006 16ToVG Ta eimeda Ttov RANKL
1660 TOL TOVTIKOV OGO Kol TOL ovOpdToV avdpeso 6€ dyptov TOmov movtikia, Tg5516 Ko

Tg5519 dwmotdoape 6Tt To VYNAdTEPQ EMimeda Ekppacmg evtomiloviot 61N oelpd Tg5519.

A 3 B = e

. x 1504
T c3 w1
§ S § c 0. N Tgbh516
2@ g E BN Tg5519
3 g2 = # %
23 £ o
W N2 r

04 é °

Kotrapa Tou pueAdu Ocid KUTTapa Tou pueAdu OoTd
TWV O0TWV TWY 00TWV

Ewoévo 5.6. O RANKL gk@paletol Kopiog 610 061G TOV HOKPAOV 06TAV TO60 6T0 droyovidrokd Tg5516
Kol Tg5519 movrtikie 060 Kol 6Ta ayplov TOmov movrikww. Ilocotikn avdivon pe qPCR tov enumédmv
ékppoong Tov (A) MURANKL ka1 (B) RANKL (avOpdmov kot moviikov) 6To KUTTAPO TOL LVEAOD TV 00TMV
Kot T0. pokpd 0ot petagd tov Tg5516, TgS5519 ko WT movtikdv niikiag 2 unvav (n=3, avd opdda). Ta

amoteAéopato epeoviovral mg Hécot 6pot £ Tumikd oeaipa (*p<0.05, **p<0.01, ***p<0.001).
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5.3 PALVOTUTILKOG XXPAKTNPLOROC TwV Tg5516 TOVTIK®WV

Ta Tg5516 movtikia dev mapovctdlovy KATOW QUIVOTLTIKY 1] COUATIKN O10popd Ge Gyéom
pe ta dyplov tHmov adépelo Tovg, sivar yovipa kot petafipdlovv 10 dtoyoviolo Kavovikd
oV enduevn yeved og avaroyio 50% kot ota dvo @OAa. Ta Tg5516 movtikia gpeavifovv
vynia emineda Exepaong tov dayovidtov huURANKL oto ootd, yeyovdg mov pog odnynoe
GTNV IGTOAOYIKN OVAAVOT TOV LAKPADV 0GTAOV Kot £01KOTEPA TOL Gved unproiov. H 1otoloyw
perétn ota 0otd tov Tg5516 movikdv mepteAdupave TNV OTOUOVOGCT] Kol TPOETOLOCIOL
AETTOV TOUDV TOV 15YI0VL ThYoVG Spm amd Tpelg dapopetikég nhkieg Twv TG5516 moviikmv,
4 gfdopddwv, 2 unvav Kot 3 unvav, Kot ypaocn He opatoSuAiviy/mocivn yioo 16ToAoy kI
TOPOTNPNON TOV GTOYYADIOVS Kol GAOUDOOVG 0ctoV. H 1otodoyikn avaivon €6eiée OtL Tl
Tg5516 movrtikia, apoevikd Kot ONAVKE, amd TV NAKio Tov 2 unvov peoviCovy GNUaVTIKA
UEI®OT TOL GTOYYDOOLE 0GTOV GTNV TEPLOYN TNG HETAPLONG 1 omoio YyiveTal aKOUn 7o
eppovng oe nakia 3 unvov (Ew. 5.7). AvtiBeta, ta Tg5516 movrikia dev epgaviCovv kamoo
aALolwoN GtV doUn TOV PAOIDMAOVS 0GTOD GTNV TEPLOYY| TNG LEGO-LETAPLONS KOt d1dpLONG
Tov punpaiov oe oyéon pe to WT adépeia Toug.

Yuvoyiloviog To Topamive amoteAéopato cvumepaivovpe 6Tt ta Tg5516 Srayovidtokd
movtiKie mapovctdlovv otolyeion NG 06TEOTOPMONG oL Yopaktnpiletar amd avénuévn

OGTIKY] OTOAELD. TOV GTOYYDOOVG OGTOV GTNV TEPLOYT| TNG LETAPLONG.

4wks

T T PR

e

A

Tg5516

Ewéva 5.7. Meioon 7100 omoyy®ddovg o0otod oto 105516 movrikie mnmhkiog 2 kov 3 punvov.
AVIUTPOCOTEVTIKES POTOYPUPIEG OTNV TEPOYN NG HETAPLONG TNG KEPAANG TOL Unpleiov 6mov dwakpiveTar M
UTMOAELD, TOV GTOYYDOOVG 00TOV ot 195516 og oyéon pe ta WT movtikio nhikiog 4 efdopddmv, 2 pnvedv kot 3

unvov. Xpoon apatobuAivn/mocivr , KAMpoko otig eotoypaeieg S00pm.
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5.4 IMocoTIKN] AVAAUGT) TOV GTIOYY®wS0vs 06toV ota Tg5516
TOVTIKLA LE UK POTOHOYPAPLX

Ta Topamdve 16ToAoYIKd evpraTa ETPEPUIOON KOV TEPAUTEP® LLE PIKPOTOUOYPAPIO VYNANG
SLKPLTIKNG avdALoNG TTOVL TTpayaTorombnke o cuvepyaoia pe tov kodnyner Pierre Jurdic
and 1o Ilovemomuo g Avdv, avoldovioag Opopeg TOPAUETPOVS TOL TPOGdlopilovv
TOLOTIKA KOl TOCOTIKG TN OTOYY®MOn Kol GAO1dON poipa Tv ootwv. ITo cvykekpyuéva,
apykd oe Tg5516 movtikio nAkiog 4 efSopadmv kot 3 unvav (apoevikd kot OnAvkd) €ywve
aVAALGYN TOV OCTIKOV TOPOUETP®OV OTNV TEPLOYN TNG KEPOUANG TOL unpliov OmOL
npocdlopiotnke N mocooTtiaia avoloyio Tov cmoyyymdovg ootov (BVITV %) n omoia
epopaviCer peimon mepinov 2.5 @opég. Emiong, onuoviwd peiopévog eppaviCetor o apBuodg
TOV WKPOSOKId®V Tov omoyyddovg ootov (Trabecular number, Th. N) mepimov 50% evéd to
OlKTLO TV WIKPOJOKId®MY TOL OTOYYMOOVG 0GTOV TOPOVCIALEL MO EKTEVH dlooTOPd
(Trabecular separation, Th. S) nepinov 150% o€ oyéon pe TIG AVTIOTOLES TOPUUETPOVS TOV
WT novikov (Ew. 5.8A). H pkpotopoypagio amokaAdmtel emiong OGTIKN OTOAEW TOV
onoyy®dovg ota Tg5516 movtikia og nhkio 2 pnvav (Ew. 5.9).

AvdAivon tov EAOIHOOVE 0GTOV TNV TEPLOYN TNG OLAPLGNG TOL UNPLAiov dEV ATOKAAVYE
Kamoto. dtapopd petald tv Tg5516 kor WT moviikdv avoivoviog toéco to mhyog (Ct. th.)

660 kot TV 00Tk pala tov proimdovg oatov (Ct. Bv) (Ew. 5.8B-C).
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Ewova 5.8. Octikn] anoiero 610 omoyydoes 0616 Tov 105516 movrikov. (A) Ilocotikn avaivon pe
HIKPOTOHOYPAPIO, TOV GTOYYMIOVG 06TOD GTNV TEPLOYT TNG HETAPLGNG TOL pnpoiov peta&d TgS516 kot WT
TOVTIK®OV NAKiag 3 unvav (n=7, avdé opdda, kar ¢vro). BV/TV (0ykog omoyydhdoug/cuvolikdc 6ykog Tov 06100,
%), Tb.N (op1Budg pkpodokidwv tov croyymdovg ave mm), Th.S (dwwomopd tov cmoOyy®SoLG, Mm). (B)
IMocotikn| avAvon pe PIKPOTOHOYPOPIO TOV PAOIDOOVE 0GTOD GTNV TEPLOYN TNG O1APVONG TOV Unpaiov LeTtaly
Tg5516 kor WT moviikédv nhikiog 3 pnvav (=5, avd ¢vro). Ct.BV (dykog tov grotddove ooton, mm?), Ct.Th
(méxog Tov PAo1®IOVE, MM). (C) AVIITPOCHOTEVTIKEG EYKAPGIEG TOUEC TOV PAOLDIOVE OGTOV GTNV TEPLOYN TNG
Saeuong amd Tg5516 kouw WT movtikio pe pukpotopoypdeo. To ypapnuoto deiyvouv toug HEGovg dpovg +

Tomikd oeaipa; **p<0.01, *** p<0.001.
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Ewova 5.9. Empikeig ko gykdporeg eikoveg g neployns tov pnpraiov amxd 195516 ko WT movrikia
Nukiog 2 pnvav pe pikpotopoypdago vyning avalveng tomov Skyscanll72. Xapwon pe avaloon 6pum kot
omelKOVIoN TNG TEPLOYNG TNG KEPUANG Tov pnplaiov amd TgS516 xor WT movtikie nikiog 2 punvav émov
SrakpiveTar oNUAVTIKY HEIDMOT TOL TAEYLATOG TOV GTOYYDIOVG 0GTOD GTNV TEPLOYN TNG LETAPLONG (EMUNKNG
KoLl €YKAPOL0 OEWOVION TNG  TEPOYNG TNG HETApLoNg Tov oyiov). Ot ewkdveg emelepydotnkoy LEG® TOV

Aoyiopucov Dataviewer tng Brucker.

[Iépa omd T PoKpE 06Td TOL Unpleiov TpoypatTonooaue avaioon kot 6tov 5° 6TdvovAo
NG OGPUIKNG HOIPOS HETPAOVTAG TO CTOYYMOEG 06TO TOL KVPIWG EVTOMILETOL GTO GO TOV
onovoviov (Ew. 5.10) ypnowomoidvtag tov pikpotopoypdeo tomov Skyscanll72 mov
Bpioketan otig eykatactdoel tov E.KE.B.E. AL OAéuyk. H avédivon €deiée 611 ta Tg5516
novtikia nAikiog 2 pnvav epeavitovy peimon tov 6moyy®3ovg 06100 610 GMOUA Tov 5% Kat
6% ondvdviov oe oyéon pe too WT kot €181kdtepa mapatnpidnke peimon g avoloyiog
BV/TV 1ov omoyy®dovg 0ootob mtepinov 50%, peioon tov aptfpod tov pkpodokid®v tov
onoyy®dovg mepimov 47% kol avEnon g OWoTOPAS TOV TAEYHOTOS HKPOJOKId®MY GTO

onoyy®moes 0010 mepimov 60% (Ewc. 5.10A-B).
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Ewova 5.10. ITocoTikomoinen pe HIKPOTOHOYPAPIO THS 0GTIKIG UTMAENS TOV GTOVOVA®V TG 0GPUIKIG
poipag tov Tg5516 moviikdv. (A) TTocotikfy avdivon Tov onoyyddove 06t00 610 KEVIPIKO cdue Tov 5%
ondvOLAOL TNG OCEVIKNG Hoipag HETOED apoevik®mv Tg5516 koar WT moviikev niikiog 2 punvov (n=5, avd
oudda). BVITV (6ykog omoyyddovc/cuvolikdc oykog, %), Th.N (apdudc pikpodokidmv tov crmoyydhdovg ovd
mm), Th.S (Swonopd tov croyyd®dovg, mm), Th.Th. (néyoc Tov cmoyyddovg, mm). (B) AVITPocOTELTIKEG
gicoveg Tov 5% kot 6 omdvELAOL THG 0GPVIKAG HOIPAC He HIKPOTOHOYPAPo vynArc aviAivong SKyscanll72
g Brucker. Tdpwon ue avéivon 6um kol omewkdvion oty oelpd tov 5% kar 6°° ondvILAOL TG 0GPVIKAG
HOipog OOV SLOKPIVETAL 1 LEIMOT TOL GTOYYM®OOLG 0GTOD GTO GO TOV GTOVOVA®V HeTtald tov Tg5516 kot
WT moviikdv nhkiog 2 unvev (Eruikng Kol yKapoto. anelikdvion Tov omovovA®V TG 06QUIKNG poipag). Ot
gwkoveg eneepydotkay péow tov Aoyiopikov Dataviewer tng Brucker. Ta ypagrpoto dgixvovv tovg péoovg

Opovg £ Tumikd cedipa; **p<0.01, *** p<0.001.
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5.5 ®QLVOTUTIKOG XAPAKTNPLONOGC TwV Tg5519 movTik@wv

Evd ta Tg5519 movtikio dev eueovilovv KAmOl0 0paty] @OVOTVTIKY TOPEKKAIOT), ®GTOGO
TPOYWPNCOUUE O 10TOAOYIKY] TOPOTAPNOYN TNG HIKPOOOUNG KOl GCUVEKTIKOTNTOG TOV
OTOYY®MAOLG KOl PAOLDAOVG 0GTOD TOV UNPLaiov KaOMdE 1) GLYKPITIKY OVAALGT] TOV EMUTEODV
éxepaonc tov dtayovidiov huURANKL oto ootd €d€i&e onuoviiky avénon. Iotoloyikn
aVAALGN TOV HOKPOV 0CTAOV Kol EOIKOTEPO TNG TEPLOYN TNG UETAPLONG TOL Unpleiov ota
Tg5519 movtikia nAkiag 4 efoopadmv KatédelEe NON ONUOVTIKY OTMOAELL TOV CTOYYDIOVS
ootov. Avtibeta, ta WT movtikioa dwakpivovior yioo thv Vmopén 16XVpNG CLVEKTIKOTNTOGC
petalh TV 06TIKMV d0KIOMV TOV GTOYYMOOVE, 01 0Toieg oynuatilovv éva KaAd opyovoUEVO
Kot ocvpmayég mAéypa. Emiong, ota Tg5519 movrikia niikiag 4 efdopddmv mapatnpnonkav
dvopopeieg TOL YOVOPOL OTNV  EMPLCLOKN TEPLOYN TOL 1o)iov Omov evromilovtal
VROAMEIHOTO TOV YOVOPOL, €V 0 MAKich 3 pUNVAOV GLVAVTOTOL EKTOTIKY] GLGGMPELGN
xOVopov otnv mepoyn ¢ petdovons (Ew. 5.11A). [HopdAnio pe Tic un @LGLoAoyKég
evamofécelg Tov YOvOpov JaKPIvVOLUE KOl  OTOSOPYAvVMOGN TNG OOUNG NG OVATTLELOKNG
TAGKOG M omoto glval gpEAvig amd TV NAKia Tov 3 unvav evd oTadloKG TOPATNPOVLE
TANPN OTOSOPYAVOGCT] KOl KATAGTPOON NG ovartuélokng mAdkag o nAkia 10 unvav (Ew.
5.11A).

Av ko ota Tg5519 movrikia nAkiag 1 pe 2 unvov dev gppaviletor Kdmowo aAloiwon otV
KLTTOPIKT OOUN KOl 0pYAvV@OGN TNG OVOTTLEINKNG TAAKAG, ®WGTOCO O aplfog TV KLTTAP®V
OTI KLTTOPIKES oToPAdeg Mpepiog/ToALATANGIONOD otV avantuélokn mTAdKo  &ivol
ALENUEVOS VTTOONADVOVTAG VYNAG pLOUO TOAAOTANGLOUOD TOV KLTTAP®V TOV SIKOOAOYEL
Kol TIC U1 QUGLOAOYIKEG evamoBEcels yOvopov mOAD kovid otV avoamtuélokn TAGKO.
[Top’6ha avtd, ta TG5519 dev gpeaviCovy KAmola onUAVTIKY OVOTTUEINKY] VOTEPTGT ®GTOCO
TO UNKOG TOV pnpraiov 0otov T@v 195519 moviik®dv mapovstdletl pia peimon e tdEng tov

14% o€ oyéomn pe Ta PLGIOA0YIKOD TOTTOL TovtiKia NAkiag 3 unvav (Ew. 5.12A-B).
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Ewoéva 5.11. Ta Tg5519 movrikie gp@aviovv £viova 06TEOMOPAOTIKG GTOYEid O6TMS Um@AL TOV
OTOYYDO0VS 06TOV, GTUSLOKY] KUTAGTPOPT] TNG 0vENTIKNG TAAKAS KoL auENUEV MTOYEVVIGT 6TO PVELD
TOV 06TAV. AVIITPOCOTEVTIKEG EIKOVEG GTNV TEPLOYN TNG METAPVGONG TOL unplaiov Tg5519 kot WT moviikdv
niiog 1, 3, 6 kot 10 unvadv (n=6, ovd opdda). Xpdon Tov 06TdV He apoto&LAiviy/nmoivn 6mov dtakpivetot 1
OTMOAEL. TOV OTMOYYMOOVLS OTNV TEPOYN TNG HeTAPuons. Me aotepioko vrodnidvovior ot éktomeg OEcelg
gvandBeomng yovopov evd amd v NAKio ToV 6 UNvev SKPIVETOL TPOOSELTIKY KATAGTPOPH TNG CLENTIKNG
TAGKOG Kot KAAVYT TG KOWAOTNTAG TOL HVEAOD TOV 06TMV and HeYOAo MTokOTTopa (AEVKES KUKAMKES SopéG

Kuttdpov). Kiipaka tov potoypapidv to 500um.
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Onivkd  Apoevikd

Ew. 5.12. Ta Tg5519 movrikia gpeavilovv pertopévo pijkog 6to pnplaio 06to. (A) MokpooKOTIKY dmoyn
Tov pnpeiov ootov o WT kat Tg5519 movtikio niikiog 3 unvav. (B) [pocdiopiopodg tov piikovg Tov unplaiov
06100 TV Tg5519 kou WT nikiag 3 unvav (n=5 Bniukd, n=4 apoevikd , avd yovotumo). To ypagnua deiyvet

TOVG LEGOVG OpOVG + VIO opdApa; *p<0.05, ** p<0.01.
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‘Evo axoun moAd onpoviikd moboloyikd €OPNUO OV OVCLCTIKG Yopoktnpilet v
dwyovidiaxn oelpd Tg5519 etvar n avénuévn ooTIKN OTOAE TOL PAOIBOOVG 0GTOD 7OV
yopokpiletoar and avEnpévn mop®dON doun OTNV TEPLOYN TNG UETAPLONG Kol TNG HEGO-
dupvong, Non amd v nikia tov 4 gfdopddowv. H évrovn ootikn anmdAieia mov mapatnpeiton
1060 GTO GMOYYMDIEG OGO Kl GTO PAOIDOES 00TO OPEIAETAL GTNV ALENUEVT EVEPYOTNTA TV
00TEOKANOTOV OTmG eavnke pe TRAP ypdon mov amotelel deikTn 06TEOKANGTIKNG dpdong.
TRAP ypoon g Aentég Topég Tov unpraiov ootod tov Tg5519 novtikdv nikiog 3 unvov
amoKoAVTTEL TTOAVAPOpOVG peydAov peyéBovg 0oTeoKAAOTEG TOGO OTNV TEPLOYYN TNG
EMIPLONG Kol LETAPLOTG OGO KOl GTO PAOIDOES 0GTO GTNV TEPLOYN NS LEGO-01dpuonc. Evad
ota WT movtikia ot 00Te0KAAGTEG €VTOTILOVIOL OTNV EMPAVELL TOV O0CGTOV, GTO OGTA TMV
Tg5519 diayovidloKdV TOVTIKOV Ol 0GTEOKAAGTEG €VIOMILOVIOL GTO E0MTEPIKO TOV
eAowoove. H avénom tng 00TeOKANGTOYEVEGNG OTO ECMTEPIKO TOL PAOIDOOVS O0GTOV
VTodNA®OVEL £€viovo puBUd OOCTIKNG OVOKOTOCKELNG WHE GOULVEMELL OLENUEVI] OGTIKN
amoppOPNON KoL OTAOAEW. 7OV O0ONYeEl OTOOOKA GE AVDGN TNG OCTIKNG GULVEXELNS TOL

QAOIDA0VE Kat epPdviong Topmdovg doung ( cortical porosity) (Ewc. 5.13A-B).

Tg5519

Ewoéva 5.13. Ta Tg5519 movrikio ep@avilovv £vTova 06TEOMOPMOTIKG 6TOYEIN OTMS aVENUEVO TOPMAEG
0TO PAOLADOES 06TO KUl GVENNEVT] 0CTEOKAUGTOYEVEDT] GE OTOYYMIES KUL PAOLAOES. (A) AVTITPOCOTEVTIKEG
oEPLOKEG EIKOVEG GTNV TEPLOYN NG HeTApuong kot (B) didpuong tov pnpraiov TgS5519 kot WT moviikodv
nuxiog 3 umvov (N=6, avd opdda) pe ypmon apatoéuriviigmooivng ko TRAP. Tlapatnpeitor ovEnuévn
TOPOVGI0 OGTEOKANGTMV GTNV TEPLOYN TNG HETAPLONG Kot dtdpuong. Kiipaka otic potoypapies (A) 500pum kot

(B) 100 pm ovtictotya. Me aotepicko vrodnidvovtal ot £ktoneg 0Eoelg evamdBeong yovopou
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EmumAéov, mopatnpovpe 6tL tar TG5519 yapoknpilovrar and évrovn Mmoyéveon 6To PVEAD
TV oot®v. H dnpiovpyia Aumokvttdpwv givat 110m Tpo@avig amd Ty NAKia Tov 3 unvov Kot
OTOOWOKG ETEKTEIVETOL KOADTTOVTOG HEYOAO HEPOG TNG KOWAOTNTOAG TOL HVEAOD TMV O0CGTMOV
(Ew. 5.11, 5.14). H mapovcio MTokuttdpmv 6T0 HVEAD TOV 0GTMV ATOTEAEL YOUPAKTNPIOTIKO
YVOPIGLO GE OGTEOMOPMTIKEG KOTOCTAGES E€VA  LIAPYOLV AVOPOPES Yol OVENUEVT
MmToy£vvesT) 6TO HVEAD TOV 0GTAOV UETEUUNVOTOVGLOKOV YOVOIK®OV e ooteomopwon (Foo et
al. 2007; Sharma et al. 2014).

Yvvoyilovtog To mopamive amoteAécpato cvumepaivoope 6ttt Tg5519 dwayovidrokd
movtikie moapovctdlovv otoyeion EVIOVNG 00TEOMOPMONG oL YapaktnpileTtar amd mANpn
OOTIKY] OMTMOAEW TOV OTOYYDOOLG Kol OVENUEVO TOPMOEG GTO QPAOIDOEC 0GTO, GTUOLNKN
KATOOTPOPT TNG aVOTTLEIOKNG TAGKOC, aLENUEVT) AITOYEVEST) GTO HLEAD TOV OGTAOV KOl

ALENUEVT] OGTEOKANGTOYEVEDT.

4 wks

Ewéva 5.14. TIpoodevTiky] avénon Tov mopa@doovg 6T0 GAOLDOES 06TO (TEPLOYN TG OLAPLONS) KOl TOV
aplBpod 1OV AMmokvttdpov  ote  Tg5519  movrikie.  AVIIPOCOTELTIKEG  EWKOVES  XPDOONG
opato&uAivng/mmaeivng oty TEpoyn g HEGO-01apLong Tov unptaiov 06tod peta&d TgS5519 kot WT moviikadv

niwiog 1, 3 kot 6 pnvov (N=6, avd opdda). KAipoka otig potoypaeieg 250pm.
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5.6 IToooTwki) avdivon TOV 6TOYYMOOVS KUl PAOLMDO0VS 06TOV 670, T(¢5519
TOVTIKLO UE HIKPOTOUOYPO.PLO.

H andAeio Tov 6TOYYDIOVG 0GTOD Kot 1 ELPAVIGT TOPDOOVS SOUNG GTO PAOIDOES 0GTO GTA
Tg5519 movtikio ekTyunOnke kol emaAnBevTNKe emmALOV UE UIKPOTOUHOYPOAPio. VYNANG
avaAivonc. Xta Tg5519 novtikia amd v nlkia tov 4 fdopddwv 1 mocootioio avaloyio Tov
OTOYYM®OOVG 06TOV oTNV TEPLoyn TG petaevong (BVITV %) eivar oyedov undevikn, eniong
uNndeviKog eivar o aptBpog Tmv pKkpodokidwv tov cmoyymddovg (Th, N) evéd n daomopd Tov
mAéypotog (Th, S) eivon mo extevig mepimov 50% (Ewc. 5.15A-5.15C). H mocootioia
avoloyic Tov eAoiddovg ootov (BVITV %) omv meployf] g petdeuong (kovtd otny
avartuélokn mAdka) etvar petopévn kot 40% evod onuavtikd avénuévn katd 350% sivoe 1
TOPMOONG dopun avolktov TOTOL (Open porosity), dSnAadn avTy TOL £PYETOL GE EMXOQEN UE TNV
Kodtta Tov poeAov tov oot®v (Ew. 5.15B). Qotdco, n andiewn Tov AOIDO0VS 06TOD
GTNV TEPLOYN TNG O1dPLONG Elvar apKETE LUKPOTEPT GE GYXESN LLE TNV TEPLOYT TNG UETAPLONG
omov mapovstdletl pia peimon tov (BVITV %) g taEng tov 12.5%, aAld datnpei ovénuévn
TopMmON dour avolktov Tumov mepinov 250% (Ew. 5.15C).

EmumAéov, ta Tg5519 movtikia nlikiog 3 umvov epgaviCouv onUovTikn OTOAEW GTOV OYKO
0V PAowddovg ootov (Ct.BV,-26%), otnv avaioyio. tov OyYKOL TOL QAOIDIOVG 0GTOV
(BVITV, -38%) kot tov méyovg tov pAowmdovg (Ct.Th, -48%). Evéwpépov mapovstdlel to
yeYovog 0Tl VITAPYEL CNUOVTIKT adOENGT TOV GYKOL TNG KOMAOTNTAG TOV HVEAOD T®V 0CTAOV
(BMV, +57%) kot tov 6ykov tov @Aowmdovg (Ct. TV, +26%) mov petappdletar o avénon

NG SUETPOL TOV 0GTOV NG dPLoT g o€ Gxéon e Ta dyprov Tomov WT movtikia (Ewuc.5.16).
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Ewova 5.15. Ta Tg5519 movrikie gp@oaviCouv £viovn 06TEOMOPMGT GTNV TEPOYN] TOV UNPLEIOV pE
ONUOVTIKG PELOUEVES TIS O0GTIKES TOPUUETPOVS TOV GTOYYMDIOVS Kol PAOL®O0ovGS. (A) TTocotikh avdAivon pe
LIKPOTOHOYPAPIO. TOV GTOYYMOOVG 0GTOL GTNV TEPLOYN TG HETAPLONG Tov pnpraiov peta&d TgS519 kow WT
ToVTIKOV NAkiog 4 efdopddmv (N=6, avd opdda kot OA0). BVITV % (6yKog 6moyyddoue/cuvoAlkog 6yKog Tov
106700, %), Th.N (ap1Bpodc piucpodokidmv tov omoyymdeg avd mm), Th.S (Swwomopd tov omoyyddovg, mm), Con.
Dens (rukvotnro ohvdeong, mm®). TIoGoTiKh avAvoT LE PKPOTOROYPAPit: TOV GAOIDSOVG 06TOD GTIY TEPLOYN
g (B) petdevong kat (C) didpuong tov pnplaiov petaé&d Tg5519 ko WT movtikdv nhikiog 4 epdouddwv (n=6,
avl opddo kot Oro). BVITV % (6ykog ¢rlouddovg 06T00/cuvolikd dykog tov 16tov, %), BS/BV (ootikn
emPavelo Tov PAOIHdoV/cuvolikd Oyko), Closed Porosity (mopddeg kheiotod Tomov, Mm), Open Porosity

(mop®deg avoktov THmov, Mm). Ta ypapuata deixvovv T0V¢ HEGOVE OPOoVG £ TUTIKO cEaAua; *** p<0.001.
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Ewova 5.16. Ta Tg5519 movrikia mapovoidlovv évrovn Topmon doput) TOV PAOLMI0VS 0GTOV GTO PN PLaio
(corical porosity). (A) AVTITPOCOAEVTIKEG EYKAPGIES EIKOVEC UIKPOTOLOYPAPOL TOV QAOIDIOVC 0GTOD GTNV
meployn g oaevong Tg5519 kar WT movtikdv nhkiog 3 unvav. (B) Iocotik) avdivon pe pkpotopoypopio
TOV QAOLDIOVG 0GTOV GTNV TEPLOYN NG ddpuong Tov unpuiov petagd Tg5519 kot WT moviikdv nikiog 3
umvév (n=6, avé oro). Ct.BV (dykog tov @rouddovg ootoh, mmd), BVITV % (6ykog ¢rouddoug
06T00/6VVOAMKO OYKOG ToL 16100, Ct.Th (mdyog Tov PAoiddovg, mm), CL.TV (cuvolikdg 6YKog Tov PAOIDSOVE
06700 KOl TG KOWOTNTOS TOL HVEL0D Tov 0otdv, MMS), BMV (6ykog g KothdTNTag Tov pughod Tav 06Tdhv,
mm3). (C) AvImpoconevTIKEG EMUAKELS EKOVES KPOTOLOYPAPOL Tov punplaiov Tg5519 kar WT moviikédv

nikiog 3 unvav. Tao ypapruoto deiyvovy Tovg Hécovg Opovg + Tumikd opdipa; **p<0.01, *** p<0.001.
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5.7 Moocotikn] avdAivcen TOV GTOYYMOOVS 0GTOV GTOVS GTOVOVAOVS TG
0GPVIKIG poipag Tov Tg5519 movtik@v pe pikpotopoypa@io,

H avénuévn ootikn amoppdenon mov mapatnpeital ota 195519 movrtikia dev mepropiletan
UOVo 6To. HoKPE 06T, 0AAG EMEKTEIVETOL KO GTNV GTOVOLALKY] GTNAT, LE ONUOVTIKT OCTIKN
QTMOAELL GTNV TEPLOYN TOV GTOVOIVA®V TNG 0GQVIKAC poipac. Avoaidovtag tov 5° omdvdvro
™G ooeUIKNG poipag petald TgS519 xor WT movtikdv nhkiog 2 unvav mapotnpndnke
TANPNG OMOVCIN Kol GUVOYT TOV GTOYYMIOVS 0GTOD GTO KEVIPIKO GMUO TOV GTOHVOVAOL EVHD
EVIOTIOTNKOV OCTIKA LTOAEIUHOTA GOV OTNPIKTEG 00Kideg mov Otacyilovy Katd PNKOG TO
KEVIPIKO copa Twv 6movovAwv. H mocootiaia avadloyio Tov omoyyddovg 06To0 61O KEVIPIKO
ocopo tov 5% onovéviov (BVITV %) tov nlukdv eivor peiopévn katd 47%, eved ota
apoevik@ 195519 movtikie katd 18%. Enpoavtikd peiopévoc eivalr o apBpog tov
Hkpodokidwv Tov omoyy®dovg (Th.N, -55%) evd 1 dtaomopd tov TAéypatog (Th, S) sivar o
extevng kotd 150% (Ew. 5.17A-B).

EmiPBapopévn ewova gppaviCovv to apoevikd Tg5519 ko ommv nlikio tov 6 unvov, pe
TANPN OTOVGI0 Kol GLVOYN TOV GTOYYDSOLE 0GTOD GTO KEVIPIKO GOUA Tov 5% 6movivAoy
MG 0GQLIKNG Hoipag evd evtomilovtot Kot Al 00TIKE VTOAEILLOTO GOV GTNPIKTES OOKIOES
mov draoyilovv KaTd PUNKOS To KeEVTIPIKO capa. [T cuykekpyéva n mococtioio ovaloyio tov
omoYY®30Vg 00T0H 6TO KEVIPIKO cdpua Tov 5% omovdvriov (BVITV %) eivar peiwpévn kotd
46%, 0 apOuog TV piKpodokidmv tov oroyymdovg (Th, N) eivor petwpévog katd 62,5%, evod

1N doomopd tov TAEypatog (Th, S) sivar mo extevig katd 190% (Ew.5.18A-B).
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Ewova 5.17. Ta Tg5519 movrikie nhkiog 2 pnvav gpeavifovv £vtovn 06TE0TOP®GT GTOVS GTOVOVAOVG
TG 0GQPUIKNG HOipPaS PE ATALELD TOV 6TOYYDHOVG 06T0V. (A) IToc0TIKT AVAAVGT] TOL GTOYYHIOVS 0GTOV GTO
Kevipikd chpo tov 5% omdvdvrov g 0o@uikhg poipag petatd Tg5519 kar WT moviikdv nhikiog 2 pnvaov
(n=3, avd oudda). BVITV (6ykog omoyyddovg/cuvolikdg oykog, %), Th.N (apbudc pikpodokidwv tov
omoyy®dovg avda mm), Th.S (diaomopd tov cmoyyddovg, mm), Th.Th. (ndyoc tov cmoyyddovg, mm). (B)
AVTITPOCOTEVTIKEG  €IKOVEG GMOVOVA®V NG OCPUIKNG HOIpaG HE HIKPOTOHOYPA(PO VLWYNANG OavOiALGNG
Skyscan1172 g Brucker. Zdpwon pe avéivon 6um kot aneikovion tov 5% 6révauvlov g 0ceuikhg poipog
OOV SKPIVETOL 1] ATMOAELD, TOV GTOYYDIOVS 0GTOV, E CYNUATIGUO GTNPIKTIKOV 0CTIK®V d0Kidwv oto Tg5519
nukiog 2 pnvov (ETPAKNG KOl EYKAPCLO OTEIKOVIOT) TOV OTOVOUA®Y NG 0GQUIKNG poipag). Ot ewdveg
gnelepydotniay péocwm tov Aoyopkod Dataviewer tng Brucker. Ta ypagenupoto deiyvouv Tovg uésovg 6povg +

Tomkd oealua; **p<0.01, *** p<0.001.
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Ewoéve 5.18. Ta Tg5519 movrikia nhkiog 6 pnvav sp@avilovy £vTovn) 06TE0TOPMGT 6TOVS GTOVOVLAOVG
TG 0GQUIKNG HOipaS PE ATALELD TOV 6TTOYYDHOVG 06T0V. (A) [TocOTIKT AVAAVGT TOL CTOYYHIOVG 0GTOD GTO
Kevipikd odpa Tov 5% 6mdvoLAoL T 06PIKNG poipag peta&d apoevikmv Tg5519 kar WT movtikdv nhiiog 6
unvev (=3, avd opdda). BVITV (6ykog omoyyddovg/cuvorikd oyko, %), Th.N (apBuds pukpodokidwv tov
omoyy®dovg avd mm), Th.S (dtaomopd tov cmoyyddovg, mm), Th.Th. (ndyoc tov cmoyyddovg, mm). (B)
AVTITPOCOTEVTIKEG TPIOOLACTATEG EIKOVEG GMOVOVA®Y TNG OCGPULIKNG HOIpAG HE HIKPOTOUOYPAPO VYNANG
avéivong Skyscanll172 tng Brucker. Zdpmon pe avdivon 6pm kot ometkdvion tov 5°° 6movaLAoL TG 0GQUIKNG
poipag 0mov SloKPIVETOL 1 OTMAELY TOV GTOYYMOOVG OGTOV, HE GYNUOTIOUO OTNPIKTIKAOV OCTIKAOV S0KIdmV
Tg5519 niwiag 6 pnvov (ETUAKNG KOl EYKAPCL0L OTEIKOVIOT TOV 6TOVOOAMV TNG 0GPLIKNG Hoipag). Ot elkdveg
gnelepydotniay péocwm tov Aoyiopkod Dataviewer tng Brucker. Ta ypagenupoto deiyvovv Tovg pésovg 6povg +

Tomikd oedipa; *p<0.05, **p<0.01, *** p<0.001.
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5.8 IMocotikn avdivon Tov MATOO0VS L6TOV 6TO pUNpLeio 06td TV 195519
TOVTIKOV IUE NIKPOTOLOYPOPio

Ta Tg5519 ooteomopmtikd mOVTiKIO TOPOVSIALOVY eMioNng ALENUEVN MTOYEVEST GTO HVELD
TOV 00TOV amd TNV NAKia Tov 3 unvov 6mmg eavnke omd TV 16toAoyiK avaivon (Ew.
5.11, 5.14). EmPefordoope to TOPOTAV®D 1GTOAOYIKG ELPNLOTO YPTCULOTOIDOVTIOG Lol
pebodoroyia faon ¢ omoiog T0 OGO AVTIOPA ATOKAEICTIKA LE TO. AKOPESTO MITOPAE 0&En
TOU MI®O0VG 16TOV EMTPEMOVTIOG £TGL TV OVIYVELGT KOl TOGOTIKOMOINGN TOL ATDAOVG
10700 pe pukpotopoypapio. vyning avaivong (Scheller et al. 2014). To tetpoeidio Tov
ocpiov avtpd pe to oKOpESTA MTOPA 0EEN TOV AITOKLTTAP®V TAPAYOVTAS £VO LOOPO
poidv T0 omoio omoteEAEl WOAVIKO OKLOYPAPIKO TOPAYOVIO OTNV  UIKPOTOUOYPaPiaL.
Amapoaitntn zmpobmdBeon vy v avdivon Tov AMI®O0VG 16TOD GTO 00TA €ivar 1
AmocPESTOON TPOTA TOV 0GTAOV MOTE VoL eMTEVYDEl EVTOMIGUOG HOVO TOV MTMOIOVG 1GTOV
KATé TNV O1001KAGT0 TNG LKPOTOUOYPOPLOG.

[Tocotikn aviAvoTn TOL MTOOOVE 16TOD HE HKPOTOHOYPOQPIO TPAYLOTOTOMONKE o8 TPELS
neployég tov pmpiaiov: 1) v emipoon (VOIT) Alyo move amd v avartvélokn midka, 2)
mv petapuon (VOI2) Aiyo kdto omd v avortuéloky TAGKa Kot 3) tnv meployn g
owevong (VOI3). Ta armotehéopota g pukpotopoypoeio £dei&av 0tL ta Tg5519 movtikia
niuxiog 6 unvov eueoviouv onUAvTIK)] aENoT TOL MITMOOO0VE 16TOV KOl GTIG TPELS TPOG
e&étaon meployég tov unpuaiov (Ewc. 5.19A) oe oyéon pe ta dypiov tomov movtikwo. H
avénon ovt) avtiotoyel Katd péco 6po oe mocootd 1400% otnv meployn g ddpuong

(Ew. 5.19B).
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Ewéva 5.19. Ta Tg5519 octeomopmTiKG mOVTiKIO TOPOVGLALOVY GNRAvVTIKY] a¥éNoen TOV MT®I0VS 16TOD

OTNV KOLAOTTA TOV PVELOD TOV 0GTAOV TOL unpraiov. (A) Tpioddotarn omEKOVION TG KOTUVOUNG TOV
AMTOKVTTAP®Y GTNV TEPLOYN TG EMPLONG, LeTAPLOTG Kot d1dpuong pneta&d Tg5519 ko WT moviikdv nikiag 6
unvév. (B) Tocootiaia avadoyio KoTovoung Tov AMmokuttapmy otny mpog e&étacn mepoyf] (AVITV %) tng
emipuong, petdpuong Kot dtapuong peta&d TgS5519 ko WT niwiog 6 unvov. H tpiedidotarn poviehonoinon
éywe pe yphon tov hoyiopkod CtVol g Brucker kot ot eyképotleg tpiodidotateg aneikovicelg Tov oyiov pe

v xpnon tov Aoyiopkov Dataviewer trg Brucker.
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5.9 Atdomon Tov RANKL"™ ggreomerpoticod pavorimov pe
vrepékgpaon T huRANKL mpoteivng

2t ovvéyela eEgTdotnke £4v 1 Topovsio Tov dayovidiov huRANKL dvvororl vo dtucdoet
TOV 06TEOTETPOTIKO GavoTuTo Tiv RANKLYME moviikgv énerta omd Swactavpdoeic tov
Stayovidakdv oelpdv Tg5516 kar Tg5519 pe to RANKL"™"Snovticie. Katopydv, n
SlacTapwon Tev o doyovidiakdv oelpdv Tg5516 kar Tg5519 pe to RANKL"ESMes
YEVETIKO LIOGTPOUA O1EcmGE TANP®G TV TPoé®PN Bvnoodtnto Kot v Kabvotepnuévn

LUestes rovtiko. AloTavpmon TG SoyovIOaKNG

avamrtuén mov mapovcsidlovv ta RANK
oepdc Tg5516 mov @épet éva avtiypogo tov dtayovidiov (Iow copy) e to 06TEOTETPMOTIKA
RANKL"™™ movtikia (Tg5516Rankl"™ ™) sitowoe pepicdc v ékpuon tov Gve Soviidv
(Ew. 5.20A), mApoOC TOV OGTEOMETPMTIKO QUIVOTUTO HE KOVOVIKO CYNUOTIGUO NG
KOWOTNTOG TOV HLEAOV T®V 06TV ota pokpd ootd (Ew. 5.20B) aAld ot peceviépiot
Aepopadéveg dev emaveupaviomnkay (Ew. 5.20C). Ta mopomdve gvpripota 0d1nyodv 6To
ocoumépacpo 0Tt M dtoyovidtakn oelpd Tg5516 mov @épet €va avtiypago Tov Slayovidiov
Siécmoe peptkdc Tov eawvdtomo tov RANKLYSM movtikdv.

Awotavpmon g dtayovidlakng oepdg Tg5519 mov @éper 10 avrtiypapa tov diayovidiov
(high copy) pe to ooteomerpotikd RANKL'M  movtikia (Tg5519Rankl™™ ™) siswoe

lesttl , . . ,
LU roviikdv pe éxouon dAov tev doviidv (Ei.

Tmpwg tov eowvotvro twv RANK
5.20A), mpn 01400CN TOV OGTEOTMETPOTIKOV (POVOTLTOV HE TANPN  GYNUATICUO TNG
KOWOTTOG TOL HLEAOL TV 00TV ota pokpd ootd (Ew. 5.20B) kor  oynuatiopd tov
peoevtéplov Aepeodévov (Ew. 5.20C).

Ta mopomdve gopruota 00Myovv 610 GuumEPacpo OTL 1 dyovidlokn cepd Tg5519 mov
QEPEL OEKN AVTIYPOPO TOV S10YOVIOIOL O1ECMGE TANPMOS TOV PUIVOTLTO TWV OGTEOTETPOTIKAOV
RANKL"™™  moviikgv. Emmiéov, Swapaivetar 0TL 1 VIepEkepuct Tov Sayovidiov eivor
KOV Yoo TNV AP S1o®GoT TOV OGTEOTMETPMOTIKOD GAVOTOHTTOV, KATL TOL VTOdMAMVEL OTL

vdpyel TANPNG ovpuPatomra oy npdcdeon T1ov RANKL tov avBpdmov pe tov vrodoyéa

RANK tov movtikov.
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Tg5516 Tg5519
A Rank Itles/t/es Ran k,t/es/t/es Rank Itles/tles WT

Ranki®s"les Tg5516 Rankl"®®s  Tg5519 Rank/®%!es WT

p

Ewova 5.20. Ald6®61 TOV QUIVOTOTOV TMOV 0GTEOTETPOTIKOD RANKL"" movrikdv HE TNV EKQPOGT] TOV
huRANKL. (A) Mepwy kot mAipne  ékouon tov  doviidv  tov  Rankl"™"®  Tg5516Rankl"ee,
Tg5519Rankl"™"® kor WT movrcdv (n=8-12, avé opdda). (B) AVIUpos®ReLTIKES EIKOVEC TOV UNPLofon Kot
(C) tov peceviepikdv Aepeadévov ard Rankl"™® Tg5516Rankl""®, Tg5519Rankl"*"®, war WT movricdv
(n=6, ava opdda). KAipoxe=500um.
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5.10 Ogpanevtiky) e£nidpaon tTov Denosumab oto Tg5519
00 TEOTIOPWTLKO LOVTEAO

H ypfion tov avBpdmvov povokiovikod avticopatog denosumab to omoio decpedeton pe
peyadn efedikevon oty mpwteivip RANKL éyst eykpiBel yioo v Ogpameioa g
00TEOTOPMONG o€ guunvomavctokes yovaikeg (Silva-Fernandez et al. 2013). Xtnv napovoa
TEWPAUOTIKY dtadikacio eEgtdoape, pe v yopnynon denosumab oto Tg5519 movtikia, €dv
ta TJRANKL diayovidiokd movtikio pmopodv vo ypnoiponombodv wg poviéda oty
a&lohdynon avactoréwv tov RANKL o mpokivikd emimedo. O mpokAvikdg oyedtacuog
nepeMpPave 3 mepapotikés opddes: 1) Tg5519 movtikie oto omoia €yve LTOdOPLO
yoprynon 10mg/kg Denosumab, (10 apoevikd-10 Onivkd), 2) Tg5519 movtikia ota omoia £yve
VI0dOPLAL YOPNYNON PLGIOAOYIKOD 0pov, (10 apoevikd-10 Onivkd) kot 3) WT zmovtikia ota
omoio £ytve VOGP YOPNYNON PLGLOAOYIKOL 0poV (7 apoevikd-7 Onivkd). H yopnynom tov
denosumab ywotav dvo @opég v efdopada Eekvavtog amd v nAkio Tov 4 fdopddwv
omov ta Tg5519 movtikia gppavifovv MOM évtova oTolyElot 0GTEOTOPMOONG, Y10 GUVOALKO
dwomuo 6 efdopddwv. Ta {da Bucidomkav ce nAkio 10 gfdopddwv amd ta omoia yve
1GTOAOYIKN 0vOAVGT| TOV 5e£100 UNPLOioL 0GTOV LE ¥PMOOCT] OUOTOELAIVIIG/ NMOGTVNG Kot Xpdon
TRAP. EmmAéov, £ytve omcOoforPikn cuALOYT ailoTog omd T TEWPAUATIKE TOVTIKLO Y10, TOV
TPOGIOPIGHO TOV eMMEd®V TOL Ogiktn ooTikNg amoppdenons TRACP-5b otov opd tov
aiparoc.

Tao amoteléopotd pog £0€1E0V OMNUAVTIKY OTOAELNL TOV GTOYYMOOLS 0GTOV GTO UNPaio Kot
Top®ON dop] 610 PAOI®OES 00TO otV opdda (paptupag) twv 195519 movtikdv mov
xopnyNOnke @uoloAoykdg opdc. AvtifBeta, omnv opdda twv Tg5519 movtikdv mov &ywve
yoprynon denosumab mapatnpfiOnkKe EXAVEUPAVION TOV GTOYYHOOVG 0GTOD GTHV TEPLOYN TNG
HETAPLONG KOl EMTALEOV TANPNG OVOSTPOPN TNG TOPADIOVS OOUNG OTO (QAOIDOES 0GTO
ovvodevopevn and eapdvion tov TRAP+ 00te0KAOGTOV OO TNV TEPLOYN TOL PAOUDOOV
(Ew.5.21A-B). Ta emineda tov TRACP-5b (deiktng extipmong tng evepydmrog Tov
0GTEOKAOGTMOV GTOV OPYOVICUO GUVOAIKA) GTOV 0pd TOL OilaTog otnv opdda twv Tg5519
TOVTIKOV ov £ywve Ogpaneion pe to denosumab emaviAbov 6Ta PLGLOAOYIKA EmimEdA OTMOC
tov WT movtikdv, evd oto Tg5519 movtikio mov dev €yve Bepameion mapépetvay o€ ToAD
vynAd enimeda (Ewk. 5.21C). Zvumepacpatikd, n Oepaneio tov Tg5519 movikdv pe to
Denosumab &iye cav anotéleopa v TAnpn avactodr] tov huURANKL kot TApn aviietpoen

TOV OGTEOTOPOTIKOV (POLVOTOTOV. LVVETMG, 1N dtryovidlakn oelpd 195519 amotedel éva véo
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HOVTELD GOPapNS 0GTEOTOPMOONG WOAVIKO Yo TNV 0E0AOYNON VEOV PUPULOKEVTIKOV OVGLOV

KATO TNG 0GTEOMOPWONG GE TPOKAVIKO EMITEDO.

A WT + salin 19 + denosumab

T

5. = B WT + Saline

Q

o B Tg5519 + Saline

O 204

é L1 Tg5519 + Denosumab
|...

Females Males

Ewova 5.21. Ogpancvtikn} emidpaon tov denosumab oto TghuRANKL-TQg5519 dwoyovidioké povrédro
006TEOTOPMONNG. AVIITPOCOTEVTIKEG GEPWIKEG TOUEG unplaiov otnv mepoyn g (A) petdpuong O6mov
dwkpivetar 10 omoyyddeg 0016 Kot (B) g HECO-O1APLONG YO TNV TOPOTNPNCT TOL PAOLDOOVS 0GTOV TV
Tg5519 06TEOMOPWTIKOV TOVIIK®V 070, 07010 £ywve yopnynon &ite denosumab gite guololoykod opod Kot
dyprov Tomov WT movtikdv ota omoio xopnyndnke euotoroyikds opds (n=10-14, avd opudda). ‘Eywve gpodon tov
Topmv 1600 pe apatoéuriviy/mocivr ko pe TRAP. Kiipoka gotoypapidv A=500um, B=100 um. (C) Exineda
to0v TRACP-5b 610V 0pd 0V aipotog ota dtayovidiakd Tg5519 movrikia mov €yve yoprynon eite denosumab
gite puotoAoykod opov kot oto. WT movtikia mwov yopnyndnke oucotoroykdg opdg. To ypaenua deiyvetl tovg
pécovg O6povg tumikd cedApa; ***p<0.001
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6.1 Bloyn KOG KoL AELTOVPYLKOG XUXPAKTNPLOUAC TG HETAAAAENC
G278R 1ov tpokadei amotpipepiopno ™ RANKL tpwTeivng

H ooteonétpwon otovg avBpdmovg oamotedel pio etepoyeviy ouddo omd daTapayEs otV
OCTIKI] OVOKOTOOKELN] TOL yopakTnpiletor amd avénuévn ootk palo Kol mTukvoTnTo
QMOTELECUO. TNG UN QUGLOAOYIKNG AELTOVPYIOG TMV OCTEOKANGTAOV KOl KOT EMEKTACN TNG
00TIKNG amoppoenons. llpdoceata oavoayvopiotnke pio véo HOpEN OGTEOMETPOONG OE
acbeveic, 0mov evromiomnkav petaArdéelg oto yovidio RANKL. Ewdwotepa, avayvopictray
TPELG OLOPOPETIKEG LETOALAEEIS: OL) OVTIKOTAOTOOT TG pebetovivng amd Aveivn otn Béon 199
(M199K) og o vynAd cuvinpnuévn Béon g TpOTEIVNG, P) omorelpr| otV TEPLOYN UETAED
TV apvoléwv 145-177 pog meployng mTov GUUUETEXEL GTNV TPOGOEST 6ToV LTodoyéa RANK
Kot y) omoAelpn dVo voukAeoTdimv oto tedevtaio emvio (828 829delCG) ue amotéieoua
LETATOMIGN TOL OVAYVOOTIKOV mhoucsiov €vapéng oty Béon V277 kol mpdmpo KOIKOVIO
Méng V277TWIX5 6mov eiye oav amotédeopa amdisia g Poloykng dpdong tov RANKL
oe acbeveic ue avtoomuikyn vrorlewmopevn ooteonétpmwon (ARO) (Sobacchi et al. 2007). H
M199K vmokatdotaon evromiletar oe pio vymAd covinpnuévn TEPLOYN, N OTAAEPT] NG
apvo&ikng meployng 145-177 mov amopaxkpvvel v A B-ntuyot) empdveln kabdg Kot tnv
pon mepoyn tov AA’ Bpdyxov mov BepnTIKA CUUUETEYEL OTNV OAANAETIOpOOT UE TOV
vmodoyéa RANK, evd n adlayr V277TWEX5 mpokodel PETOTONION TOL OVOYVOGTIKOD
TAOGIOV [E OmMOTEAECUO TNV OOAED NG F B-TTuy®G EMEAVEINSG TOV GUUUETEXEL GTOV
tpipeptopd tov RANKL (Ta et al. 2010). Oleg o1 petodra&eg tov RANKL gvronifovton oty
Brodpaotikn eEmkvttapikn mepoyn (TNF-like core domain), dnAadn otv mepoyn mov
geuhvVETAL Y10 TOV TPIUEPICUO KO TNV OAANAETIOpAOT LE TOV VTTOOOYEN, MOTOGO Ol LOPLOKOl
unyoaviopot mov cvuppdriovy oty maboyéveon g ARO mapapévouv dyvactol. Zuvenamg, o
Aertovupykdg yopaxtnpopog petorrdcewv tov RANKL egite o avBpomovg eite oe (o
TEWPOUATIKE HOVIEAQ OmOTEAEl piol OomopaitnTn TPOCEYYIoN Yoo TNV OTOCAPNVICT) TMOV
LOPLOK®OV UNYOVICU®OV TOL d1Emovy TV taboyévela g ooteonétpwong (ARO) ue otoéyo v
OepamevTIKn TG OVTILETMOMTION AL Kot TNV avamTuén vEoV THovAOV avacTOAL®V EVOVTL TOV
RANKL.

[Ipdoata, n epgvvnrikn opdda g Emuk. KaOnyntplag EAévng Ntodvn dnpovpynoe éva véo
(owd HOVTEAO aVTOCOUIKNG VIOoAAEwmOuevg ooteonétpmone (ARO) oto  movrikt
axolovBmvtag pia tpocéyyion [Ipocbiag IN'evetikng ypnoyonoldvag v nEBodo g Tuyoiog
kNG petodha&oyéveonc pe atbvivitpolovpion (ENU). To véo poviého 06TE0mETPmONG

(tles) yapaxmpiletar amd amdAELD EKPLONG TOV SOVTIOV, TANPT ATOVGIN TOV 0GTEOKAUCTMV,
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avénuévn ootk pala Kol advvapio oynUATIGHOD Aeppadévmy. I'evetikn| avaivon tov véou
LOVTEAOD OCTEOTETPWONG ATOKAAVYE TNV TOPOVGIO HOG CNUEINKNG LETAAAAENG GTO YOVidl0
Rankl pe amotélespo v apvo&ikn avtikatdotoon ard yAvkivn og apywvivn oty 0éon 278
(G278R) mov evrtomileton otnv e€mkvttapikn meployn (TNF-like core domain). To yeyovog
611 T0. peTodhaypévo, RANK L 1estes

pe to. RANKL knockout movtikio (Marks & Choi, 2000a; Kong et al., 1999) uag odnyei oto

movtikio epeavilovv Tov 1010 0GTEOTETPMTIKO PAIVOTUTO

ocoumépoacpo O6tt pio apvolikn oAloyn eivol OpKET Yo VO TPOKOAEGEL OMMAEL TNG
Broroyikhc dpdone tov RANKL. Qotoc0, T RANKL"™ movticia Stapépovv o poplakd
eninedo and ta RANKL knockout movtikio. Eved ota RANKL knockout movtikia dgv vrdpyet
ékppaorn tov RANKL egite og petaypapud (MRNA) 1 petappactikd eninedo, avtiBeto ta
RANKL"™" rovtixia mapéyovv oe @uotoroyiké emineda tqv pn Aertovpywi RANKL
npwteivy (Douni et al. 2012). To RANKL"™™ |1ovtého ooteonétpoonc sivar to mpdro
d1ebvidg povtéro to omoio @épet pia Asttovpykn petdAraén oto yovidio Rankl ernpedlovrag
¢tol v Poroyikn tov dpdon evd mpocouoldlel o€ peydlo Pabud pHe TNV OVTOCOMUIKN
voAlewmmopuevn ooteométpwon oe aocbeveic (ARO). Kot otig 800 mepmtdoel Exovue
napoyoyn un Aswwovpyikng RANKL  mpoteivng amdppola twv petoarrdéemv oty
eEokvutrapikn meployn Oonwg akppmng oe acbeveic pe ARO. Tlapdro mov dev vrapyovv
ava@opEéG Yoo apvoéikny vmokatdotacn oty 0éon 278 oe acbeveic pe ARO, wotdco
amalelpn ¢ Béong awthg €xel avoaeepbei oty mepintmon g adlayng V277WEX5 6mov
npoPArémetan va emnpedlel tov tpuepopd e RANKL. Zmv mapodoa ddaktopikn peAén
TpaypatonomOnke Proynuikds yopakmmpiopds g opvolikng vrokatdotaong G278R ota
RANKL"™S  rovtikie. @ehjoapue vo Siepevvioovpe katd moco n G278R apvolik
VIOKATACTAOT £XEL OVTIKTLUTO OTNV  OUOPP®ON TNG TMPWOTEIVNG KOl OTNV  1KOVOTNTO
TPULEPIGLLOD.

| G278R npwteivng, Pacilopevn oe

Movtelomoinon g doung g petarroypuévng RANK
dedopéva kpvotairoypagpiag (Lam et al. 2001; Ito et al. 2002), mpoteivel 6tL | petdAracn dev
emmpedlel ™V QLOIKN OIPOPEMOOT KoL TNV avVOSITAMON TOL HOVOUEPOVS OAAG 1omC
emnpealer tov tpepiopnd g RANKL mpwrteivng. Axkoun, to kpicipo apwvo&d G278
evromiletal oy vVOPOPOPN F B-mruymt empdvela | oroia etvar 100% cvvimpnuévn peta&y
avBpdmov Kot Tovtikov, Kot arotedel pépog e ewtepikng A’AHCF B-ntuymtg emepaveiog
IOV EUTAEKETOL EVEPYA GTNV GAANAETIOpaoT TV povopepwv. H eicaymyn g apywivng otnv
Béom 278 mpoPAémetar va eiodyetl éva Betikd goptio kot pio TAELPIKY AAVGION TPOKOADVTOG

dwaTapayn TG VOPOPOPNS EMPAVELNS [LE XOPOTAEIKO EUTOIGUO.
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Y& poplakd eminedo Oeifape Ot M ouwvoéikny vrokatdotaon (G278R) mpokaiei mARpN
ammAelo g Proroykng dpdong tov RANKL kot andAeio tpiuepiopon. Xpnoipomoimviog
avacvvdvacpévn eEokuttapik] RANKL npwteivn 1660 dyplov Tmov 660 kot PeTaAloylévn
Kol akoAovOdvTag Proynuikég dokipég idapne 61t 1 RAN KLE?™®R Sev oynpotiler tpepn M
nolvuepn emPeforcdvovtag v in silico wpoPreyn. Avtibeto, moapatnpioope Ot 1
RANKL®278R oynuatifel HOVO HOVOUEPT] KOl TPOTEIVIKA GCLGCOUATMUATH LEYOAOL LOPLOKOD
Bapovg (Ewc. 3.8A). Avtd e€nyeitor av Adfovpe voyy 6Tt 1 apvoiky VIoKaTacTao Ao
yYAvkivn o€ apywivn evtomiletor oty vOpoOeoPn F B-mtuymt emedvela. H mopovsio g
feTikd QopTIcUEVNG apywvivng o€ o VOPOPOPN meploy] mOavOV odnyel oe €kbBeon TG
VOPOPOPNG JEMPAVELNG TOV LOVOUEPDV OV £XOVV TNV TAGN VO, KKOAAAVE» TO €Vl E TO
GALO KO TEMKADG TOV GYNUATICUO TPMTEIVIKOV CLGCOUOTOUATOV LEYAAOD HOPLoKoD Papovg
(agreggates). Emiong, dciEape 6t1 m RANKLC?"®R §ev shvartar va npocdedel 6TOV VITOdOYEN
RANK (Ew. 3.8B), emBefardvovrag 61t o tpyepiopog tov RANKL amotehel amapaitntn
npovntdBeon yia v Tpdcdeot Tov otov vodoyEa RANK. Zvvenmdg, n anmdAeia Tpluepiopon
éxel avtiktvmo oty Proroywkn dpdon tov RANKL «kdtt mov pmopel va e&nynoet v
aOLVOLLI 0CTEOKANGTOYEVESNG KOL TNV EXAYMYN OGTEOMETPOONG GTO TOVTIKLOL TTOL TOPEYOLV
v RAN KLG278R TPOTEIVT.

LG278R

EminAéov, n avacvvdvacuévn exkpirik RANK TPOTEIVN Qaivetal 0Tt &xel Kuplapym

apvnrikn enidpaon ommv WT RANKL cg dokipég ooteokAaotoyéveonc, kdtt mov eEaptdTon

LG278R

ard v ovoroyla petagd WT ko RANK TpoTElVOV. Me Bdon T1g Artovpyikég

KUTTOPWKEG  OOKIUEG  mopoatnpnoape  OTL 1 €NOY®Y]  GYNUOTICHOV  OCGTEOKANGTOV

npaypoartonoleiton and Asttovpywkd tpuepy RANKL otav n avaroyio WT ko RAN KLG278R

npoteivng elvar 3:0 (novo WT povopepn) 1 2:1 (2 WT: 1 RANKLS?"8R

). Avtifera,
TOPOTNPELTOL KUPLOPYT OPVNTIKY] ETIOPACT GTOV GYNUOTIGUO 0GTEOKAACTMV OTAV 1) avohoyio
etvan 0:3 (névo RANKLS?"8R povouepn) N 1:2 (1 WT: 2 RANKLS?8R), ZOpemva e To

HOPLOKO LOVTEAD O GYNUOATICUOG ETEPOTPLUEPDV TOPOLGIO EVOC RANKL 78R

povopepovg Ba
umopovoe va elval eQiktdg, dedopuévov Ot 2 vIPOPOPeg demeaveles amd TIG TPELS TV
povopep®v Ba. UTopovGay Vo GUYKPATOOV TO TPIUEPES Kot Vo kabioTtatot froloyud dpactikd
(Ewx. 6.1A).

Avrtifeta, moapovsia 2 1 3 RANKL 78R LLOVOUEPDV GTO TPIUEPEG TPOKAAEL €loayyN
EMMAEOV OETIKOV QOPTIOV Kol YOPOTAEIKMOY TPOTOTOMGE®Y GTNV VOPOPOPN TeEPLoyn HE
AmOTELECUO TNV OOVVOLIO CYNUOTICHOD AEITOVPYIKAOV TPLuep®v. Qotdco, oto etepodluya

tles/+ 7 I ’ ’ G278R o1
RANKL"™" movtikio mov exppdlovv icec mosomteg tov WT kar RANKL TPOTEIVOV

dgv mapatnpEital TO PAVOUEVO TNG Kuplapyns apvntikng emidopaons. Paiveton 011 o pia
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dvvouikn katdotaon ota etepdluya movtikia, o  RANKL oynuartiler Aettovpywd WT

opotpepn kabwg kan etepotpipepn (2 WT: 1 RAN KLG?78R

). H emPefaiowon tov mapomdvem
HOVTEAOL emoANBeveTal TOGO amd TIG OOKIUES 0GTEOKANGTOYEVESTG OTTOL avaioyio 2:1 (2
WT: 1 RANKLG278R) EMAYEL TOV GYNUATICULO OCTEOKANOT®OV OCO KOl GE TEPAMOTO
avocokafilnong o6mov evkopvmtikd kuttapa HEK 293FT empolvvOnkav tavtodypovo pe
TAOoUIOIKOVG opelg Ekppaong ypapikav tpoteivaov WT-RANKL-FLAG, WT-RANKL-
Myc 7§ RANKL®?®R-Myc. Sto newpapato ovtd deiydnke 6t 1 WT-RANKL-FLAG ouv-
avocokafilavel t16co pe v WT-RANKL-Myc 600 kar pe tqv RAN KLGZ78R-MyC TPOTEIVN
(Douni et al. 2012) cvvendc 1 WT RANKL odniemdpo pe tqv RANKLE®R omote n
avaloyio. Touvg Kabopiler TOV OYNUATIGUO AEITOVPYIKOV TPIUEP®V 1| EKONAMON TOV
(QOLVOUEVOL TNG KLplopyNG APVNTIKNG EMLOPACTS.

EmmAéov, Bélovtoc va diepeuvnoovpe pe Poynukd tpoémo v aiinieniopaocn g WT-
RANKL pe mv RANKL®? R mpeteivy mpoxopricape ot mewpdpato  cross-linking.
Ewwotepa, mpoenmdlovtog ioeg moocdtnreg WT kot RAN KLG278R TPAOTEIVOV TAPOLGID TOV
mapdyovta dtacvvdeong DSS mapamprcape onpavtikny adénon g £viaons Tov TPLUEPOV,
OUYLEPDOV KO LOVOUEPDV, GTOLYEID OV VTTOINAMVEL GaPT aAnAenidopacn petacy Tov WT ko
RANKLG?"8R npoteivoov. H adénon tov tpyepdv mpémel va givol amoTEAEGUO TOL
oynpnoticpod 1660 WT opotpiuepdv 6co ko egtepotpiuepodv (2 WT  povopepny: 1
RANKLC?78R povouepés). ‘Etot, o mpotevopevog unyovicpdg aAnAeniopaong meprtioppvet
pe dvvoptkn katdotoon avtadioyng evog WT povopepoig amd o OHOTPLUEP HE €val
RANKL®278R povouepég mov 0dNYEl GTO GYNUOTICUO EMMAEOV ETEPO-TPUEPDV (TOL OmOin
umopel va givol Asrtovpyikd cvpeova pe v in silico avaivon. Akorovbwg, mepiocdtepo
elevBepa WT povopepr] 0AANAETIOPOLY Y100 TO CYNUATIGUO TEPIGSOTEPMOV OUEPDOV 1| KO

povouepdv péso amd po Suvapkn dadikaoio (Ewk. 6.1B).
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Ewova 6.1. Movrterbomoinon g dopns g petorroaypéving RANK apoteivng. (A) Tpoagn

LG278R

amekovion gvog etepotpuepovg (2 WT: 1 RANK ) pe povtehomoinon tHnov ‘kopdéra’ dmov otov GEova

GUUETPIOG TOV TPLEPOVS LLE TOPTOKOAL QaiveTal 1 yAvkivn 278 Tov aypiov TOTOV LOVOUEPOVG EVD LE KITPVO M)
apywivn tov petoAlaypévov povouepovs. (B) Zympotikn amekovion tov HoviéAov aAANAETiSpacTg peTa&d
WT-RANKL (npéowo yphpa) kar RANKLE R Lovopepdv (Lof xpduc) 660V apopd ToV GYNUaTIouo

TPYLEPDOV.

To apvo&d yivkivny oty Béom 278 g mpoteiviig RANKL eivan apketd cuvimpnuévo petali
deopwv pehdv g vaepowkoyévewng tov TNF o6mwg TNF, CD40L, TRAIL, BAFF kot
APRIL. Zg aoBeveic pe ovvopopo X-e£aptdUEVNG VIEPTOPAYDYNG AVOGOPaLpivNg TOTOL M
(X-linked hyper IgM syndrome), éyst evtomiotel pio. VIOKOTAGCTAGT TNG GLVTNPNUEVNG
yAokivng oe Parivn oty 0éon 227 otov CD40OL (Seyama et al. 1998). Qotoc0 dev €xet
amodeyfel mEpOUATIKG OTL 1| VIOKATACTOCT OVTH Tpokaiel amotpipueplond g CDA0OL
mpoteivng. To yeyovdg avtd pog 0dNynce GTO Vo SIEPEVVIICOVE OV 1) VITOKOTAGTOCT NG
yYAvkivng mpokadel andAeia tpipepiopov otic tpmteiveg TNF ko BAFF.

O TNF éyet xevipikd podo omnv maboyéveld oe YpoOVIEG QAEYLOVAOOES TOONCELS Kot
avtodvooec acbéveleg (Douni et al., 2007). H avamtuén kat S0k VE®V TOPEUTOSICTMOV TOV
TNF amotélece éva duvopikd medio pe TV KUKAOQOPio TOV TPOT®V BOAOYIKOV QOPUAK®V
v TV Ogpameio TG pELHOTOEB0VS apOpitidag Kot TG PAEYHOVAOIOLS EviepondOelag THTOV
Crohn. Avrtictoymn vrokotdoToon g YAVKIVIG omd apywvivn éywve oty 0éon 122 (G122R)

ToV ekKpLTkoV TOmov Tov TNF pe amotélecpa v advvapio TPUEPICHOD KOOMG Kol OTOAELN
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™G Proloyikng Tov dpdong, pe advvapio Tpdcdeong otov vrodoxéa P7TSTNF. And v Gy,
n BAFF mpoteivn omotehel (otikng onuociog mopdyovio Yo TV OHOAR ovimtuén,
dwpoponoinon kot Agttovpyia TtV  B-Aepgokuttdpov kot €va TOAAL VTOGYOUEVO
BepamevTikd 6TOYO Y10, OVTOAVOCO, VOGHLOTO OTWS 0 Xvotnpatikdg Epvdnuatdong Avkog
(Davidson 2009; Nashi E, Wang Y 2010; Davidson 2011). Opoiwc, mapatnpioaue 0Tt M
avTioTOYN LTOKATAGTACN TNG YAvKiving and apywvivn oty 0éom 249 (G249R) omv BAFF
TPOTEIVN Tpokodel amootabdepomoinon ™ SOUNG Kol OOTPIUEPICUO KOOMG KOl OTMOAELL
npdodeong otov vmodoyéo BAFF-R. Ta mopoamdve evpfjpoato  vrwodniovovv  Tnv
ONUOVTIKOTNTO TOV GUVINPNUEVOL OUVOEEOG TNG YALKIVIIG avdpeco oto HEAN NG
vrepowkoyévelag Tov TNF kot tov avtiktomo mov €xetl yio Tov TPUEPIGHo Kot TV PloAoyikn
Tovg OpaotikdTNTe i Thoavny Asttovpykr] petdAraén ot Oéon avt). H avémtuén kot o
OYEOGUOC VEOV OVOGTOAEMY TTOV GTOYELOLY GTNV EEMKVTTAPIKY] TEPLOYN TOL TEPLEYEL TO
apvo&y G YAvkivig pe okomd TNV mopeumdolon TOv TPWEPIGUOL Bo pmopovce va
amoteLEoeL Eva VEO duvnTikG BepamenTikd 6TtoOY0 Yoo TNV Oepaneio Tabncewv mov oyetiloviot

pe v dpdiomn tev peAdv g vrepowkoyévelag tov TNF, 6nwg tov TNF ko tov RANKL.
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6.2 'EAgyx0¢ VEwV avaoTtoAéwv Tov RANKL Ttov otoxsovv Tov
TPLUEPLOLO TOV

O RANKL amotelel éva moALG vmooyOuevo Bepamevtikd o1dy0 o TaONGEC He avENUEVN
OOTIKN] OMAOAEL OM®G OCTEOMOPWON, PEVLOTOEONG apOpiTIdn Kol OCTIKEG WETUOTAGELS
(Yasuda 2013). H ypnon avacvvdvacuévov tpoteivov énog RANK-Fc, OPG-Fc kot avri-
RANKL oavticopdtov yio v mopepmdoion g arinienidpaong petaéd RANKL- RANK
€Yl EMTVYOG eQoppooTel Yo v Bepameia ooteolvTiK®V Tabnoewv (Cummings et al. 2009;
Feeley et al. 2006; Body et al. 2003). Qotdc0, N OepancvtiKy €QOPUOYN TOGO HEYAAMV
pokpopopimv  €xel  avadeifel o CoEPd  MEPOPICUMV KOl UELOVEKTNUATOV OO
avTLYyoVIKOTNTO, TEPLOPIoUEVT ProdtadeciotnTa Kot vynAd KOoTOC Tapaywyns. Me ckond va
VIEPKEPUCTOVY TETOWL TPoPAnpata €xovv avamtuybel o cepd véov Oepamevtikdv
TAPoyOVTIOV OO PIKPA TENTIOW 1) TENTIOO-PUNTIKG popla pe Bacn v doun tov RANKL
kot Tov vrodoyéa RANK mov dpovv avtayovictikd (Ta et al. 2010; Liu et al. 2010; Aoki et
al. 2006). H tavtomoinon kot avayvdpion tov kpicuov apwvoé&éog G278 1o onoio sumiéketat
omv Aertovpyio kot tov tpepicpd tov RANKL amotehel duvntikd éva véo Bepamevtikd
oTOY0 OTNV AOYIKN] OYEOGUOV TEMTWIOV 1 WKPOV HOPI®V 7OV GTOXEVOLV KOl
AAANAETIOPOVV eMAEKTIKA 6TV Béom G278.

To 2005 avakaAlvednke éva pikpd popo, to SPD-304, mov iye v wovotnta vo dtouemd o
tpyepn g mpwteivng TNF, ovaotéldovtag tv opaon g To SPD-304 dpa
amopLakpOVOVTOS Lia o TIG VTOUOVADES TOV TPLUEPOVS, TYNUATILOVTOS £Va GOUTAOKO LE TO
“avevepyd” duepég (He et al. 2005). Adym ¢ vVWnANG SOUKNG OHOLOTNTASG TOV TPOTEIVOV
™G TNF vrepowcoyévetag, eAéyydnke n 0paon tov SPD-304 oty avactoin tov RANKL. g
in vitro mepdpata deiynke Ot1 M mapovoic tov SPD-304 oavactédder v RANKL-
eEaptdpevn ooteokAaotoyéveon. O mapepmodioTikog unyoviopos dpdong tov SPD-304 c¢ in
vitro dokyég pmopel va epunvevtei cav mopepfoin tov SPD-304 avapeso otic vdpodPofeg
empaveteg Tov povopuepmv Tov RANKL mpokaidvtog anodidtaén tov Tpipuepovs. Oviwmg, in
silico mpoPreyn g mepoyng aAiniemidpaong tov SPD-304 pe v doun tov RANKL
TpoPAémel aAAnAenidpacn moAd kovtd oto onpeio G278 g petdAiaéng (<4A) (Ew. 4.1A).
‘Etot, @aivetar 6t 1660 1 Béomn g vrokatdotaong G278R 6co kar to SPD-304 Spovv
OVOOTOATIKO OVOUESO GTIC VOPOPOPES EMPAVEIEG TOV LOVOUEPDOV dOTAPEGCOVTOS £TCL TOV

tpeptopd tov RANKL. Broymuukn emiPepaioon tov mopardave, KatédelEe Tl 1) mapovsio
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tov SPD-304 mpoxadiel amedevfépmon dpepdv ko povouepav and 1o RANKL tpuepéc,
mOavov péca and Evav mopopnolo unyovicpd émwg pe tov TNF.

To pikpd popo SPD-304 éxet v wovotnta va deopevetar oty npwteivii RANKL tov
avOponov (Kd=14.1) ko va ovactédlel v dwopopomoinon twv ooteokhootmv (IC50=
0.992£0.16M) mapovoialoviog opmg vynin toikodtnta (LC50=3.20£0.11uM). Metofolikd
TEPAUATO, VTOOEKVOOLV TG 0 3-peBvA-wvdohkodg daktvAlog tov SPD-304 pmopel va
apuopoyovmbel amd €vlopo tov P450 kvtoypoupatog, mopdywoviog oakdpecto  uivia
(iminium), wov eivat Wwitepo To&ikég ovaieg (Sun et al. 2007). [Tépa omd avtn T dadikaocia,
N vVopoluAimon TV peBvAiov g opebvioypouovng (dimethylochromone) tov SPD-304
Bempeitonl moc mailet eniong Kamolo poro oty ToikoTnTo. ToV popiov (SKiles & Yost 1996).
Avotoymg, 10 uopo avtd dev pmdpece vo aglomombel TepaTEP® G€ TPOKAMVIKEG OOKLUES
mhovov Ady® g LYNANG To&KOTNTAS TOV ERPAVILE GE TEPALATA KUTTAPOKAAMEPYELOGC.

e o mpoomdBeta aglomoinong g widtrag mov £xel o poplo SPD-304 va avaotéddel Tnv
opdon ¢ mpowteivig RANKL, oyedidotnkav 72 odopukd oviloyd tov To omoia
a&lohoynONKav ¢ TPOS TNV IKOVOTNTO dEGUEVONG TNE TPMTEIVNG, TNV dPACTIKOTNTO KOl TNV
to&wotnta tove. Ewdwkdtepa, and 116 72 eviroelg evroniocape 17 avédroya tov SPD-304 nov og
ocvykévipwon SuM gppaviCovv TANPN TOPEUTOSIOTIKN OPACT] GTIV 0GTEOKAUCTOYEVEST). XTaL
mAoiclon NG moapovcog OTpifrig emkevipwOnKape oe 7 evooelg mov €0eiEav AP
TOPEUTOOIGT KOl YOUNAT KVTTOPOTOEIKOTNTO.

Apyikd, éywve tpomomoinomn tov Tprpopopebvropaivoro daktviiov Tov popiov SPD-304 og
APOUATIKO doKTOAO OV TTEPIEYEL pia Ogtikn opdda g vokataotdtn (PRA2.2.3) (Ewk. 4.6).
To kouvovpylo popto euedvile e€icov vynAn to&ikotnta pe to apyko (LC50=3.86+1.00uM))
evd M oAhaynq Oev  @Qoivetol va  EMNPENGE TNV OVOGTOAN TNG OldKaciag g
ooteokhaotoyéveong  (IC50=0.86+£0.18uM).  Awmpadvtag TV TpOmOTOINGT  TOV
tprpbopopedviopaivoro daktuAiov, amopakphvOnkay ta pebvia g dypebvroypoudvne. H
amopdkpovvon tov 7’puebviiov (PRA2.2.2) (Ew. 4.7) dev Beitimoe ovte TNV TOEIKOTNTA TOL
popiov (LC50=4.78+0.08uM), ovte TV 0VOGTOAN NG O10LPOPOTOINCNG TOV OGTEOKANGTOV
(IC50=0.84+0.17uM), evd> m oamopdkpvven tov 6’ pebviiov (PRA2.2.4) (Ew. 4.8) peiwoe
Myo v 10&ikdtra Tov popiov (LC50= 12.60£1.60uM) kot v KovOTNTo VoL OVAGTEALEL
v ooteokAaotoyéveon (IC50=3.94+0.32uM). Téhog, n amopdkpvven kol Twv 0V peBLAiwV
(PRA2.2.1) ¢ dwebvroypoudvne (Ewk. 4.9), elye og amotéleocua 1o HOplo va, €Yl TOAD
pkpotepn to&wkdmra (LC50= 58.50+£5.00uM), kot Aiyo yopnmAdtepn SpacTikdTNTA GTNV
avaotoAr] g ooteokiaotoyéveons (IC50=2.5+0.67uM) ovykpurwkd pe to SPD-304.

Enopévmg, n amopdipovon kot tov dvo pebuiiov g ypopnovne, sivar aroapaitntn yo v
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peioon g to&ikdOTTOG TV avoAOY®v, €vd M oAAayn Tov TprpBopopebvriopaivoro
OOKTUAIOV GTOV OPOUOTIKO SOKTOUALO HE VTOKATOCTATN TN Oetikn opdda dev @aivetal va
nailel Wiaitepa onuavtikd poOLo otV BEATIOON TOV 1O10THTOV TOV AVIAGY®V.

21 ovvEyeln, avtikaTootddnke ----- (PRA6.2.12) (Ew. 4.10) ko ----- (PRA6.3.12) (Ew.
4.11). Ko 1o dvo poplo avésTelhav TNV Ol0d1KOGIo TG 0GTEOKANGTEOYEVECTC GE TTOAD
yopnAiéc  ovykevipooelg (6.2.12:  1C50=0.12+0.06puM, 6.3.12: 1C50=0.13+0.07uM),
ovykprtikd pe to uoépo SPD-304 (IC50=0.99+£0.16uM). A&iler va onuelwdel mog ta popio
PRAG6.2.12 ko1 PRA6.3.12 elvan o mo dpaoTikd omd 060 SOKIUAGTNKAY, VITOOEIKVIOVTOG
TG M aAloyn TG Oapivig o€ dlopidto mhovmg etvor EVEPYETIKY MG TPOG TNV dPACTIKOTNTA
tov  ovordyov. To popo  6.2.12  mapovowdlet moAD  pukpotepT  to&IKOTNTO
(LC50=19.50£1.51uM), cvykprrikd pe to apykd popto SPD-304 (LC50=3.20+0.11uM) evd
N 1o&kdTa Tov popiov 6.3.12 pewwdnke oyxetikd (LC50=8.44+0.53uM) pe to SPD-304,
mapépeve OUMG o€ VYNAG emineda. Zuvemmg, M oAAoyn ----- oto PRAG6.3.12 popro odev
QOIVETOL VO, OQEANGE TIC IO1OTNTEG TOV LOPIOV MG TPOG TNV KLTTUPOTOEIKOTITOL.

‘Exovtog vmoyn T1g TpOTOTOMCELS TV TPONYOVUEVAOV HOpiwVv Ol omoieg eiyav éva Betikd
AMOTELEG O, OTIG WO1OTNTEG TOV OVAAOY®V, oyedidotnke éva véo poplo (PRAS.2.8) (Ew. 4.12),
0 TPLPHopPoUeBVAOPAIVVAD JOKTOUAIOG OVTIKOTOGTAONKE LE TOV OPOUOTIKO OUKTOALO Kot
amopokpOvOnkay to peBvia amd v dpebvioypoudvn. To pdplo avtd eppdvice eEopetikd
younAr,  toéwomta (LC50=62.33+2.59uM) ovykputikd pe 10 apykd  puoplo
(LC50=3.20+0.11uM). H wavoémto mpdcdeons oty tpmteivn Pektiwbnke apketd (Kd=4.6)
ovykputikd pe to popo SPD-304 (Kd=14,1). Avotoymg, ot arhayés peimoov nv
OpOCTIKOTNTO TOV OVOGTOAEN, HE GULVEMELL VO UNV OVOCTEAAEL TNV OVATTLEN OPUOV
ooteokAaot®v (IC50=8.55+1.00uM), tTO6GO0 OmOTEAEGUATIKA OT®OS TO Oapykd HOPLO
(1C50=0.9940.16uM). Endpevo Pauo Ntav o oxedacpog evog popiov pe Tig idteg aAlayés,
omwg to popro PRAS2.8, pe v dwpopd mwoc 0 opopATIKOC OOKTUAOG TEPLEXEL
vrokataotdtn pio almtodyo opdda (Ew. 4.13). To PRAS.2.8 popio, gupdvice younin
to&wotnto (LC50=51.97£2.64uM), 6nmwg kou 1o PRAS.2.8, oe oxéon pe 10 apykd poplo
(LC50=3.20+0.11uM). To puépio PRAS.2.8 givar eEldyiota to&ikotepo amd T0 PRAS.2.8, dpmg
€xel To mAeovEKTNUA TG cuvdéetar otny mpwteivi RANKL pe moAd peyaidtepn egedikevon
(Kd=2.18), ovykprrikd pe to SPD-304 (Kd=14.1). Q¢ ek tovtov, t0o poplo PRAS.2.8 eivan
oA0 dpaotikd (IC50=1.87+0.23uM) ko amotelel éva poplo mov Bo uropovoe va eheybel oe
TPOKAIVIKES SoKIHES 010 péEAAOV. To tedevtaio popio mov oyedidomke (PRA9.2.8) sivan
TAPOUOL0 TV dV0 TPONYOLUEV®DV HopiwVv pe TN deopd Tmg o tprpbopouedvioparvoro

O0KTOMOG €xel mopapeivel omwg oto apyikd popo SPD-304, evod éxer mpootebel pia
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almTovyo opdda otov 1OoAMKkO dukTOAMo Tov popiov (Ewodva 4.14). Ot adhayég ovTég
Bedtimoov v cvyyévela tov popiov pe v apoteivn (Kd=2.82) oe oyéon pe to oapykod
uopo (Kd=14.1), oto id10 eninedo pe to uoépio PRAS.2.8 (Kd=2.18), duwc, dev giyav 1660
fetucn emidpaon oty 1o&ikoéTNTOe Tov popiov (LC50=13.07+£0.94uM), n omoio ov Ko
BeltioOnke and 1o SPD-304 (LC50=3.20+0.11uM) dev é@toce T €mMiMedo TV HOPi®V
PRAS8.2.8 (LC50=51.97£62.64uM) ko PRA5.2.8 (LC50=62.33+£2.59). Avtifeta, n enidpaon
TOV aAlay®V giye OeTikd amotédespa otny dpaoTtikdmTa Tov popiov (IC50=2.92+0.23uM)
oe oyéon pe to PRAL.2.8 (IC50=8.55£1.00uM), dev £@tace OU®C TNV OPACTIKOTNTO TOV
apywkov popiov SPD-304 (IC50=0.99+0.16uM). T'evikd, @dvnke OTL 10, GTOTEAEGLOTOL
dpactikdtrag (IC50) emnpedlovion moAd amd v toéikdétta Tov popiov. o tov Adyo
avtd, M emidpaocn mov Exel éva puopo o0mwg 1o SPD-304 oty Sagopomoinon ToV
0GTEOKANCTMOV, deV UTopovpEe va eipoote BEPatot av opeidetar ev pépn oty To&IKOTNTA TOV.
Oco BéPara peidvetar n KLTTOPOTOEIKOTNTO EVOG OVAGTOAEN OTG oTIS evdoelg PRA2.2.1,
PRA8.2.8, ka1 PRAS5.2.8 1660 amopakpivetor ) mbavotra va oyetiletot 1 mopepmddion g
RANKL-gnaydpevng 06TEOKANGTOYEVEGNG LE TO PALVOUEVO TNG KLTTOPOTOEIKOTNTOC.
Agdopévov 6t1 10 SPD-304 mpocdévetar kot otov TNF, ta 72 SPD-304 avaroya eléxOnoav
amo v gpguvntikn opdda tov Kaf. I'. KOl wg mpog v TapeumodicTikn Toug dpacn €
dokuég TNF-emayopevng kuttapoto&ikotntog (tng kuttapikng oepdg L929) kabobg kot oe
dokipég mpdodeomng tov TNF pe ta popua avactodreic and v opdda tov Kab. I'. Kovromion.
And ta 7 pkpd popa avactoreig g RANKL mpwteivng, pe €gaipeon to PRA2.2.1,
wapotnpnonke, 0Tl dev gpeavifovv kdmowa mapeunodiotikny opdon otnv TNF-emayopevn
kuttopotosikdtnra  ([Tivakag 6.1). Zvvendg, to pkpd popoe PRA2.2.1, PRAS.2.8,
PRAG6.2.12, PRA6.3.12, PRA8.2.8 ka1 PRA9.2.8 avactélovv eklektikd tnv dpdon Tov
RANKL «ot oyt tov TNF (Alexiou Polyxeni, 2014).
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In vitro TNF-a In vitro RANKL
Compound Kd L929 assay (IC50 Kd Osteoclastogenesis, toxicity (LC50
ID (rM) [uMm]) (rM) (1C50[uM]) (uM])

SPD304 8.38 toxic (<5) 14.1 0.99+0.16 3.2+0.11
PRA 2 21 | 761 >80 5.24 2.5+£0.67 58.515
PRA_ 2 2 4 5.06 10 4.9 3.94+0.32 12.6+1.6
PRA 52 8 | 7.02 not active 4.6 8.55+1 62.3312.59
PRA_6 2 12 | 2.5* >40 0.7 0.12+0.06 19.5+1.51
PRA_ 6 3 12 | >25** not active 4.6 0.13+0.07 8.44+0.53
PRA_ 8 2 8 | 12.18 not active 2.18 1.87+0.23 51.97+2.64
PRA 9 2 8 13 not done 2.82 2.92+0.23 13.07+£0.94

Mivakag 6.1. ZvvonTikég mivakas Tng dpacng Tov emheypévov SPD-304 avaréyov o TNF kan RANKL

¢ TPog TV otalepd dractacng (Kd), Tig Aertovpyikés dokipég Kar TV KuTTOPOTOEIKOTNTA TOVG,

Téhog, mpocdlopictnke 0 UNYavicpdg pe Tov omoio emdpodv Ta popla — avaroya tov SPD-
304 pe v pébodo cross-linking (Ewc. 4.15). H puébodoc vmodeikviel mmg mopovsio Tomv
avoAOY®V S10TapAcCETOL 1) SLUVOULKT 1GOPPOTIC. TOV PVCIOAOYIKE TEIVEL GTOV GYNUATICUO
twv RANKL tpuepav pe amotélespa v anelevfiépmon kot avENcn TV LOVOUEPDV. AVTO
VITOONAMVEL TTOG To UOPL-avaloyo Opovv pe mapopolo tpdéno pe ovtd tov SPD-304,
TPOKAADVTOG TNV ATOECUEVCT LUiOG VITOUOVAIOG OO TO TPLUEPT TG TPMTEIVNG KAOIGTMOVTOG
mv npoteiv RANKL avevepyn.

Xmv mopovco PEALTN €EETACTNKOV YOO TPMOTN QOPE HIKPA HOPLOL TOL GTOYELOLV TNV
npwteiv) RANKL ot dwdkacio tov tpipepiopov. ‘Ensita and v a&loldynon tov pikpov
popiov-avardymv tov SPD-304 mov oyedidotray, to popla Tov epeaviiay Ty mo BeTikn
EMOPOCT OTNV AVACTOAY] TNG 0GTEOKANGTOYEVESN G, YWPIC va emnpedlovv oty emPiovon Tov
kuttdpov Ntav to. PRA2.2.1, PRAG6.2.12 xoun PRA8.2.8. H enduevn xpiowun ¢don oty
perétn tov véov RANKL avactoléwov eivor 11 a&loddynon tovg o€ TPOKAVIKEG OOKIUES

ypNoonolmvTag KatdAinia {okd poviéda vrepékppaons tov RANKL.
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6.3 ANpovpyla KaL XapaKTPLOROC SLHYOVISLAK®V TIOVTIK®V IOV
ek@palovv Tov huRANKL yia TV ailoAdynon VEWV aVaeTOAL WV TOV
RANKL

H a&oroynon véwv avactoréwv tov RANKL ce mpokivikd emimedo amotedel mpoOKAnom
OTNV ONUEPIV] ETOYN L0 KOL 1] OVOOTOAN TOV OTO TO HOVOKAMVIKO avticodpo denosumab
amotelel TV véd Kol 1OW{TEPA  EMTLYNUEVN  QOPUOKEVTIKY  OVIIUETOTION NG
EUUNVOTOVCIOKNG 00Te0TOpmong. Aegdopévovr 0tt 0 RANKL éyet avadeyBel o wdplog
Oepamevtikdg otOYX0G Yoo TNV Ogpomeion TG OCTIKNG OMMOAENG GE WO TOIKIMO OGTIKMV
VOOUAT®V TOV TANTTOVV VOl CTULOVTIKO TOGOGTO TOL TayKOGUOL TANOBLGHOY, To endpeva
xpovia avapévetor vo mopodotndel n épegvva mov otoyevel otnv gvpeon vémv RANKL
OVOGTOAE®MV. ZVVETMC, 1 avaykn dnuovpyiog véwv (oK®V HOVTEA®V KATOAANA®V Y00 TV
a&lohdynon véov QopUiK®mY TOL GTOXEVOLV TNV OGTIKN OMMOAELN, OTOTEAEL LOVOOPOLO GTO
edlo TG GVYYXPOVNG £PELVAG APOV TOL VILAPYOVTE LOVIEAQ OVTOTOKPIVOVTIOL UEPIKMG GTNV
OTOGTOAT] TOVG.

Xmv wapohoo O0aKTOPIKN HEAETN meprypdpetor 1 dnuovpyic €voc vEou HOVTEAOL
00TEOMOPWONS o€ dlayovidlokd movtikie mov vrepekepdlovv tov avBpomvo RANKL
(huRANKL). To huRANKL yovidio mepthapfavet 5 eEdvia e apKeTd LEYAAN GLVTNPNTIKOTA,
avdpeco oto ONAactikd kol pe opdloyo yovidle HOVO GE OPYOVIGHOVG TOV TEPEXOVV
00TE0KAAOTEG, OmmG givar tar omovovAwtd. H puBuon g éxepaong tov RANKL yovidiov
eléyyeton omd S1APOPOVS  UETOYPAPIKOVS Topdyovteg mov umopel va gviomilovtol og
amdotacn axoun kot 70 kb and to onpeio évapéng g petaypaerg (O’Brien 2011). Me
oKomd Vo EMTOYOLUE £VA  QUGLOAOYIKO TPOTUTO VLREPEKPPUCNS TOV  dtoyovidiov
amopovoocape po yevoukny mepoyn 200kb and éva BAC khdvo, mov mepihappdver v
Kook meployn Tov huRANKL kon 6Aeg T1¢ puOoTikég meployég Tov Yovidiov Kot TO TUNMO
aLTO YPNOWOTOMONKE Y1O0. UIKPOEVEST) GE TPOTVPNVES yovipomomuévev oapiov. Tao
Ol yovidlaKd TOVTIKIO TOV PEPOLV TOGO LEYAAES YOVISIMUATIKES KOTAOKEVEG, Omwg ot BAC
KA®VOL, aivetor 6Tt 0KoAOVOOVV £val PLGLOAOYIKO TPOTLTTO VIEPEKPPOCTG TOV Ol0yoVidiov
Kol 1 €K@paot eivar avaloyn Tov aplBpov TV avTlypae®v Tov dtoryovidiov kot aveEaptnt
and ) 0éon evooudtoong (van Keuren et al. 2009). Ta mapordve ototyeia, emoindednkav
kot omv mepintoon tov TJRANKL dayovidiokdv movtikdv, omov deifape Ot o) T0
npdtumo Ekppacng Tov huRANKL dwayovidiov og dtdpopovg 16100¢ axorovbel 10 avtictoryo
tov gvooyevoug MURANKL yovidiov kot B) n ékepacn Ttov Olayovidiov Ppioketon o€

aVTIoTOUY{0 e TOV aPOd avTIypAP®Y TOL d10yoVidiov.
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Ymv mopoboo UEAETN emMKEVIpONKAUE OTNV HEAET] OVO SLOYOVIOLNKMOV GEPAOV TOV
exepdalovv Tov huRANKL, 11 Tg5516 ko Tg5519. H drayovidiakn| celpd Tg5516 @épet éva
emumAéov avtiypago tov huRANKL diayovidiov kot epeavifel vynAotepa eminedo EKQpaong
™ RANKL og oyéon pe ta WT movrikia evd n dwyovidiokn oepd TgS5519 éper 10
avtiypoea pe akoun vynlotepa enineda Ekepaocng tov huRANKL og oyéon pe tnv Tg5516
oepd. O RANKL exppaletar @uololoyikd og S1dpopovs KLTTOPIKOVS TOTOVG TOGO GTO
OKELETIKO ovoTnua 060 Ko og eEmokeletikovg 1otovg (Kartsogiannis et al. 1999). And
TEPALOTA CVYKPLTIKNG 0VOAVONG TV emTEdmV Ekppaons Tov huRANKL wopatnprcape 6t
Kol 6TIG OVO dtayovidlokég oelpég To huRANKL yovidio vrepekppdletol 6Tovg 16TOVG TOL
exppaletar to evooyevég MURANKL yovidro. Ewdwotepa, o vynAdtepa emineda Ekppaong
tov huRANKL ota doyovidiakd movtikia evtomilovtol 6Ta 00Td, KATL TOV CUUEMOVEL [E
veoTePEC UEAETEG TTOL OElyvouV OTL TO OCTEOKVTTOPO OOTEAOLV TNV GNUAVTIKOTEPT TNYN
éxkppoong tov RANKL (O’Brien et al. 2013). Axoun, evromilovtor onpovtikd avénuéva,
emimeda £EKPPAOTG Kol 6€ AAALOVG 10TOVG Kol Opyava, EKTOG Al To 00TA OGS TOV EYKEPUAO
Kol Tov onAnva. Ta evpipota avtd BEtovy epotuata e oxéon pe v tadoucioloyio Tov
mBovag va cvuoyetiCeton pe v vepék@pacn tov huRANKL dwayovidiov og eEmokeleTikong
16TOVG OAAGL KO TO 0VOGOAOYIKO TPOQIA oTa dtaryovidtakd ovtikia Kot gWdwotepo To Tg5519
novtikio. [lepartépm peréteg mpokeTon v SIHAELKAVOLY TO EVOLOPEPOVTA ALTA GTUEID 0LPOD
1N HEAETN HOG EMKEVIPOONKE TNV OVAAVOT) TOL GKEAETIKOD GUGTLLATOG.

Ot dvo TQRANKL Swayovidraxéc oepéc eppavifouy pia Tpompn ELPAVIOT) 0GTEOTOPMTIKOV
eowvotdmov ko oo 000 @OAa. Ta Tg5516 movrtikio mov vrepekppdlovv to huRANKL
Olyovidlo o€ GYETIKA UIKpOTEPO EMimedd ERPAVICOVY GNUOVTIKY OTMOAELD TOV GTOYYMDIOLG
00TOV OTNV WHETAPLON TOL pnpeiov NoN amd v NAkio TV 2 UNveov He UEIOUEVES
euprounyavikég 1010t teg o oyéon pe o WT adépeio tovg (Rinotas et al. 2014). Eriong,
ONUAVTIKY] OCTIKT OTMOAELL TOV GTOYYMOOVS 0GTOD TAPATNPEITAL KOl GTOVG GTOVOVAOLS TNG
00QVIKNG poipac. Avtifeta, dev mapoatnpeiton Kamowo oALOIwGT GTNV SOUN TOV PAOUDOOVS
ootov petaéd tov WT kaw Tg5516 moviikov. Tvunepacpotikd, ta Tg5516 (low copy)
movtikio epeoviCovv NTe. LOPENG 0GTEOTOPMOT).

Amd v GAAn mAevpd, Ta Tg5519 movrikia epeavifovv €vtova 00TE0TOPMTIKA GToLyEia, |
TANPN OTOAEW. TOV OTOYYMOOOVS OCTOV, OVLENUEVI] OCGTEOKAOGTOYEVECT), TPOOOEVTIKN
KOTOOTPOPY] TNG OVOTTLEINKNG TAAKOG Kot VIOV TOP®OT OOUT] TOL PAOIDOOVS 0GTOV GTNV
wepoyn Tov unpuaiov. H €vtovn ootikn andAewo dev mepropiletar povo oto poKpd 0oTd
aALG evtomileTal Kol GTOVG GTOVOLAOVG TG OCPULIKNG HOIPOG HE TANPN OTOSIOPYAVMOGT Kot

OTOAEDL TOV OMOYYDOOVG OTO KEVIPIKO COUN TV omovovAmv. Afloonueimto eivar to
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yeYovog OTL M TANPNG AmOO0PYAVOCN NG WKPOUPYITEKTOVIKIG TOV GTOYYMAOLS 0GTOV
GLVOOEVETAL OO GYNUATICHO OCTIKAOV UIKPOSOKIdwV Tov dtacyilovy Katd PUNKOS TO GO,
TOV GTOVOLAOV £XOVTOG G Paivetatl otnpPikTikd poro. TEAOC, Ta PavoTLTTIKA GTOlKElD TOV
GUUTANPOVOLV TNV KAIVIKT] E1KOVO, EIVOL 1] ONUAVTIKT LEIMOT TOV EUPLOUNYAVIKOV 1010THTOV
TOV 00TMOV UE onuovTiKd peiopévn ootikny avtoyn (Rinotas et al. 2014). Ta kdttapa Tov
YOVOPOL QaiveTal va amoTeLoVV pio onuavtikn mnyn vrepékepaons tov RANKL mov icmg
EMAYOVV OMAOAEWD TOV YOVOPOL HE OTOOWOKN OmodOUnon G avamtuEloKig TAGKAG TOV
emeépel ovamtvélakn votépnon tov unplaiov (Ewk. 5.11-12). Exiong, n mapovoia évrovng
00TEOKANCTIKNG OpAoNG OTNV TEPLOYN] TOL PAOUDOOVS TPOKOAEL €viovo TOopmON doun,
otolyelo mov vmodnAdver avénuévn ootk amoppoéenon oto Tg5519 movrikia. Xtovg
avOpdOTOLG €viovn TopMmON SOoun TOL (EAOWDOOVE 00TV epgaviletoar oe aocBevelg pe
00TEOMOPWOT, KATL TOL CLoYETI(ETOL LE UEWWUEVN OCTIKY avToyn Kot avénpévo kivovvo
npdxAnong katoypdtov (Cooper et al. 2007) (Ew. 6.2). Xvvenmg, ta dtayovidiakd Tg5519
TOVTIKIOL amOTELOVV €Val VEO TEPAUOTIKO HOVIEAO OCGTEOTOPMGNG OV divel TN duvatdTNnTo
UEAETNG TV TOHOYEVETIKOV UNYOVIGUAOV OV SIETOVLV TNV EUEAVICT) OGTIKNG OTOAEWNG OAAA
Kot TNV aS0AGYNoN VEOV BEPATEVTIKMV TPOGEYYICEMV AVOADOVTOS TOPAAANAO TO GTOYYMOES

LLE TO PAOLMDOEG.

20-year-old female 61-year-old female 87-year-old female

Ewova. 6.2. Tpiodidetarn omekovio] Tov @AOLAS0VG 06TOV 07OV SLUKPIVETAL 1) YUPUKTNPLETIKN
0TOOLOKY] AVENGY TOV TOPMIOVS KATE TNV Y1]PUVCT] TOV YUVUIKAV 6€ NAkigg (A) 20 etdv (B) 61 etav ko

(C) 87 grdv (Cooper et al. 2007).
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Emmpdcbeta, 1o ooteomopmtikd Tg5519 movtikie epgaviCouv otadiokd  oavEnuévn
Mmoyéveon otV KOAOTNTA TOL ULEAOD TOV 00TMV, KATL Tov ovpPaivel emiong o6Tovg
avOpdmovg katd v yHpaven kot v ooteomdpwon (Rosen & Klibanski 2009; Hardouin et
al. 2014). TToAéc pelETeEG OVOPEPOVY AVTIOTPOPT GLOYETION UETOED TOL QPOIVOUEVOD TNG
aLENUEVNG AMTTOYEVESTC OTO HVEAO TOV OCTAOV KOl TNG OGTIKNG TLUKVOTNTOC, KOOMDS ot
00TEOPAACTES KOl TOL AUTOKVTTOPA TTPOEPYOVTOL OO KOWE TPOSPOLO LEGEYYVIOATIKA KOTTOPO,
(Li et al. 2011). H yApavon kat 1 peioon TV o16TpoyOdvemV omoTELODV TaPAYOVIEG TOV
EMAYOLV TNV AVENUEVT] MTTOYEVEGT] GTO HVEAD TOV 0CTAOV LE TALTOYPOV UEIWON TOL aPOLOV
tov ootefractdv (Foo et al. 2007; Sharma et al. 2014). Qotdéco, 0 akpifng poplakds
unyYoviopog mov puduilel v Amoyéveon kol TNV ONUAGIO TNG GTOV OCTIKO HETAROMGUO
napopével ayvootos. Ta Tg5519 movtikia epgaviCouv avEnuévo apBud Amokvttdpwv Non
amd v NAkioc Tov 3 punvov, 0mov €yel NON CLVTEAESTEL CGNUOVTIKY OCTIKY] OMMOAEW, UE
TPoOodeVTIKN avénor 660 mpoympd n maboroyia. To dedopéva avtd KoTadelkvhiouy OTL M
aLENUEVT MTTOYEVEST] OEV TTPONYEITOL TNG OGTIKNG AmOpPPOPNoNG OAAG HdAlov amotelel Eva
emmpocheto maboroyikd ebpnua kabog efelicoeton n acBéveln. Xvvenmg, ta Tg5519
nmovtikie Oa Pmopovcav vo. OmOTEAEGOLV €va 100VIKO HOVTEAD YO0 TNV KOTOVONOT TMOV
HOPLOKDOV HUNYOVIGUAOV TOV OLETOVV TNV QLENUEVN AMTTOYEVEST] GTO LVEAD TOV 0GTMOV KOTH TNV
00TEOTOPWOT).

Ta Tg5519 movtikio epeaviCovv apKETES POVOTLTIKEG OUOLOTNTEG UE EVa YEVETIKO HOVTELOD
o610 omoto £yve amaiowpr] Tov OPG yovidiov (OPG'/') OV KOOIKOTOLEL TNV TOPOY®YY| TOL
evokov avactoréa tov RANKL, OPG. Ta OPG™ rmovtikiw epupavifouv emiong mANPN
OTOAELD. TOV GTOYYDOOVS 0GTOV, TPOOJEVTIKY KATOGTPOPY TNG OVATTLEINKNG TAAKAG KOt
évtovr TopmdN doun Tov Prlowmdovg ootov (Bucay et al. 1998). Emumiéov, eppoaviovv
evamobéoelg aoPectiov otV AOpPTN KOl TG VEQPIKES aptnpieg, otoyeio mov dev
napovotdlovy ta Tg5519 movrikia. H cupfoin tov RANKL oty mpdxinon acPectomoinong
TOV aYYElOV TOPAUEVEL GUYKEYYVUEVT AOY® TWV OVTIKPOLOUEVOV OVAPOPDV OO S1APOPES
peréteg (Kaden et al. 2004; Tseng et al. 2010). Qotdc0, 6e {wkd poviéra [e aoPectonoinomn
Tov ayysiov mov £ywve yopnynon tov denosumab gvog avactoréo tov RANKL mpokdiece
avooToAn otV aoPeotomoinon tov ayysiov (Helas et al. 2009). H peydin opotdtra mov
epeavifouv Ta OPG™ pe ta TQRANKL movtikio o@eideton mpogovmdg oe €va koo
TafoyeveTIKO UNYOVIGUO ToL apopd oty mapovcia ehevBepov RANKL, eite Adyw amovoiog
tov avactoréa OPG gite Adym vrepék@paong, Tov TPOKAAEl 0GTEOKANUGTOYEVEST] KOl OGTIKY

OTTAOAELO.
208



[ToAAég mepapatikés mpooeyyioelg mpoypotomomdnkay kotd 10 mapeAbov pe okomd v
avaotpopn ¢ RANKL-eraydpevng ooteonétpmong yopnymvrag avacvvovacuévy RANKL
TPOTEIVY. AVTo €lYe GOV OMOTELEGHO TV HEPIKN N TANPT dtdcman tov eovotdmov (N. Kim
et al. 2000b; Douni et al. 2012; Lo lacono et al. 2012). Avrtictotya, oty mapodoa HeAETN
emroyape pepkn odowon tov RANKL-eEapT®UEVOD  OGTEOMETPOTIKOV PAIVOTUTOV TMOV
RANKL"™" rovrikdv Stactompdvoviae ta pe ta TJRANKL ooteonopotikd movtikio.
Mapamnprioope 6tt oto. Tg5516/RANKLYMS  movticio n ékepoon tov huRANKL
Slayovidiov mpokodel HepIKH S1CMON TOL 0GTEOTETPMTIKOY PavoTHTOL Ty RANKL1eses
TOVIIKOV UE TANPN CYNUOTIGUO TNG KOWAATNTOS TOV UVEAOD TWV OGTMV, OTOTEAEGLO TNG
TOPOVGIOC O0CTEOKANCTAOV, ®OTOCO YOPIc vo oynuotiovior HEGEVTEPIOL AEUPASEVEC.
Avtifeta, 1 vrepékepaon tov hURANKL diayovidiov ot Tg5519 movtikio odnynoe oe
mpn odcwon tov RANKL-gmaydpevov 06Te0mETpOTIKOD QOVOTOTOV KOl GYNUOTIGUO
Aeppadévoy. Ta amoteAéopoto ovtd KATOOEKVOOLV OTL TO TPOTLTO KOl TO EMITESQ,
vrepékepacns tov huRANKL dtayovidiov eivar emapkn Kot Kava yio. TV TAnpn Sldomon
TOV OGTEOMETPAOTIKOD POIVOTVTTOV, KATL TOV B pmopovoe va, a&lomoindel oe endpuevo otad10
Yo TV avantuén vémv Bgpameutikdv tpoceyyicemv otnv ARO pe v yopriynon RANKL.

Ot TQRANKL dwayovidrokés oelpég amotelodv HovadKd LOVTEAL Yio THV 0E0AOYNON VEOV
avootoréwv évavtt tov huRANKL og mpokAvikd eminedo, LVIepTEPOVTIOG O GYECT WE TO
vrapyovta (o povtéda ékppaong tov huRANKL. Adym thg vynAng €101kOTTé TOVG TO
povokAmvikd avtioopata évavtt tov huRANKL, 6nmg to denosumab, dev dévovtor o610
RANKL tov movtwkol, cvvendg dgv pmopodv vo aflohoynfodv 610 KAOGIKO HOVTEAO
00TEOTOPMONG OTO TOVTIKL oV emdyetal pue wobnkektoun (Bouxsein et al. 2005). Oliec ot
TPOKMVIKEG UEAETEG OV TpaypatomomOnkay Kotd to mapeABOV yioo v eKTiunon g
dpooTIKOTNTAG KOl ao@Aisiag Tov denosumab, Tov HOVOKA®VIKOD OVTIGMOUOTOS 7OV
YOPNYEITOL OTNV EUUNVOTAVGIOKT OCTEOMOPMON, TEPLOPICTNKE GE SOKIUEG o€ TONKOLG
(Kostenuik et al. 2011; Ominsky et al. 2011) ka1 o€ £va TEPAUATIKO HOVTELO TTOV EKQPAELEL
pio yopr poper) thg RANKL mpwteivig (avBpodmivov/movtikod) (Kostenuik et al. 2009).
Av16 10 povtédo Oumg mapovsiole CNUAVTIKE UEOVEKTALATA 0TS YOUNAd pOUd 0GTIKNG
OVOKOTOOKEVNG e OMOTEAEGHLO VA TaPOoVGIalel VYNAOTEPN ooTikn palao oe oxéon pe too WT
movtikio kafotdvTog 1o PN aldA0Y0 HOVTEAD GTNV TPOKAVIKY £pgvva Yo TV Bgpomeio g
ooteomopwons. Avtifeta, ta TgRANKL movtikia avamtbccovv mpdmpn 06TEOMOpmON
amoOPPOLO TOV LYNAOL PLOLOV O0CGTIKNG avaKATAoKEVNS. 'ETol, yio TpdTn @opd £ytve ekt
pio mpokAwviky dokiyuny tov denosumab oe mepopatikd poviélo mov vmepekepalel To

huRANKL, 6nmg eivar ta Tg5519 novtikia. Ta anoteléouatd pog £6ei&av 0t 1 BEpameELTIKN
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yopnynon tov denosumab Oyt LOVO AmETPEYE TNV OCTIKN OTMAELD GALG SIECHOCE TANPWS TOV
0GTEOTOPWTIKO PotvOTLTO TV TE5519 moviikdv Kot d1kdTEPA EMNAOE TANPNS OVOGTPOPT
NG OOUNG TOL GTOYYMAOLS Kot PAOI®OOVG 00ToL. Tlepartépm emPefaimon g OBepomevTikng
dpaong tov denosumab oto Tg5519 poviélo emtevybnke HETPOVTOG TOV OEIKTN OGTIKNG
amoppoenong TRACP-5b otov opd, o omoiog emoviAle oe QULGLOAOYIKG Emimeda.
Yvumepoopatikd, ot 600 odwyovidwokéc TGhuRANKL oepéc mov vmepexepdlovv tov
avOpomvo RANKL oamotedAovv povadikd povtédo 0GTEOTOPMOONG YO TNV KATAVONGT TMOV
LOPLOKDOV UNYAVICU®V TOL SIETOVV TOOOYEVELEG e OLENUEVN OGTIKT OTOAELN KOODS Kot yio
mv a&oroynon véov avactoréwv tov RANKL, o6nwg tov SPD-304 avaloywv, oe

TPOKAMVIKO €MimedO.
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A RANKL G278R mutation causing osteopetrosis
identifies a functional amino acid essential
for trimer assembly in RANKL and TNF

Eleni Douni'-2*, Vagelis Rinotas', Eleni Makrinou', Jochen Zwerina3, Josef M. Penninger?,
Elias Eliopoulos2, Georg Schett® and George Kollias'

'Institute of Immunology, Biomedical Sciences Research Center ‘Alexander Fleming’, Vari 16672, Greece,
2Department of Agricultural Biotechnology, Agricultural University of Athens, Athens 11855, Greece, *Department of
Internal Medicine 3, Rheumatology and Immunology, University of Erlangen-Nuremberg, Erlangen D-91054, Germany
and “Institute of Molecular Biotechnology of the Austrian Academy of Sciences, Vienna A-1030, Austria

Received September 6, 2011; Revised and Accepted October 29, 2011

Receptor activator of nuclear factor-«B ligand (RANKL), a trimeric tumor necrosis factor (TNF) superfamily
member, is the central mediator of osteoclast formation and bone resorption. Functional mutations in
RANKL lead to human autosomal recessive osteopetrosis (ARO), whereas RANKL overexpression has
been implicated in the pathogenesis of bone degenerative diseases such as osteoporosis. Following a for-
ward genetics approach using N-ethyl-N-nitrosourea (ENU)-mediated random mutagenesis, we generated a
novel mouse model of ARO caused by a new loss-of-function allele of Rankl with a glycine-to-arginine
mutation at codon 278 (G278R) at the extracellular inner hydrophobic F B-strand of RANKL. Mutant
mice develop severe osteopetrosis similar to Rankl-deficient mice, whereas exogenous administration
of recombinant RANKL restores osteoclast formation in vivo. We show that RANKL%273R monomers fail
to assemble into homotrimers, are unable to bind and activate the RANK receptor and interact with
wild-type RANKL exerting a dominant-negative effect on its trimerization and function in vitro. Since
G278 is highly conserved within the TNF superfamily, we identified that a similar substitution in TNF,
G122R, also abrogated trimerization, binding to TNF receptor and consequently impaired TNF biological
activity. Notably, SPD304, a potent small-molecule inhibitor of TNF trimerization that interacts with
G122, also inhibited RANKL activity, suggesting analogous inhibitory mechanisms. Our results provide
a new disease model for ARO and identify a functional amino acid in the TNF-like core domain essential
for trimer formation both in RANKL and in TNF that could be considered a novel potential target for inhi-
biting their biological activities.

mass, due to impaired or enhanced osteoclast activity. Recep-
tor activator of nuclear factor-kB ligand (RANKL) is the
Bone remodeling is a constant process that functions through primary mediator of osteoclast-induced bone resorption (3)

INTRODUCTION

the synthesis of bone matrix by osteoblasts and the coordinate
bone resorption by osteoclasts (1,2). Normally, osteoblastic
and osteoclastic activities are balanced so that skeletal integ-
rity is preserved. Perturbations in bone remodeling can result
in skeletal abnormalities such as osteopetrosis and osteopor-
osis which are characterized by excessive or decreased bone

and belongs to the tumor necrosis factor (TNF) superfamily
(4,5) that is characterized by homotrimerization. It is a type
II transmembrane protein that consists of a short N-terminal
cytoplasmic domain and a conserved extracellular TNF-like
core domain forming an antiparallel 3-sheet that is predicted
to assemble into a trimer required for receptor activation
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(6,7). Soluble RANKL is generated either by proteolytic pro-
cessing of the transmembrane form or by alternative splicing
(8,9). RANKL is expressed on activated T lymphocytes (4,5)
as well as on stromal cells (10,11) and binds as a trimer
to its receptor RANK that is expressed on the surface of
osteoclast precursors and mature osteoclasts. RANKL and
RANK form a heterohexameric complex with a receptor
molecule bound along each of the three clefts formed by
neighboring monomers of the RANKL homotrimer. This inter-
action is necessary for osteoclast differentiation, activity and
survival (10,12), which subsequently lead to bone resorption.
Osteoprotegerin (OPG), a decoy receptor of RANKL, inhibits
the binding of RANKL to RANK and thereby limits osteoclas-
togenesis (11). Genetic ablations of either RANKL (13,14)
or RANK (15,16) result in severe osteopetrosis due to
complete lack of osteoclast formation, demonstrating that
RANKL and RANK are indispensable for osteoclastogenesis,
whereas absence of OPG causes increased osteoclasto-
genesis and osteopenia (17). Although RANKL is best
known for its role in bone resorption, it also plays multiple
roles in the immune system (4,5,13,18,19), in mammary
gland development during pregnancy (20), thermoregulation
(21), cancer metastasis (22) and hormone-derived breast
development (23).

As a result of its effects on bone metabolism, RANKL is
considered a major therapeutic target for the suppression of
bone resorption in bone metabolic diseases such as osteopor-
osis, rtheumatoid arthritis and cancer metastasis (24). Conse-
quently, recombinant proteins that inhibit RANKL—-RANK
interactions, such as RANK-Fc, Fc-OPG and anti-RANKL
antibodies, have been developed as agents against osteopor-
osis. Indeed, clinical trials with denosumab, a fully human
monoclonal antibody against RANKL, showed an increased
bone mass and reduced incidence of fractures in postmenopau-
sal women with osteoporosis (25) and in prostate cancer
patients receiving androgen-deprivation therapy (26). This
antibody has been recently approved in the USA and EU for
the treatment of patients with osteoporosis and in prostate
cancer patients undergoing hormonal ablation therapy.
However, inhibitors that target formation of functional
RANKL trimers have not been reported yet.

Additionally, a variety of loss-of-function mutations loca-
lized within the extracellular domain of RANKL have
been recently reported in children with autosomal recessive
osteopetrosis (ARO) (OMIM 602642), an incurable rare
genetic disease (27). However, the molecular mechanisms by
which the identified mutations cause RANKL inactivation
and osteopetrosis have not been fully resolved. Characteriza-
tion of functional RANKL mutations existing either in
humans or in animal models is a powerful approach for the
elucidation of the molecular basis of ARO as well as for the
potential design of novel RANKL inhibitors. The aim of this
study was to characterize a novel loss-of-function point muta-
tion in the Rankl gene that causes osteopetrosis in mice, in
order to define the wunderlying molecular mechanism
that results in ARO pathogenesis, investigate whether a
similar loss-of-function mechanism exists in other TNF
family members such as TNF and examine whether the iden-
tified amino acid could serve as a potential target for RANKL
inhibition.
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RESULTS

Generation of a novel ENU-induced mouse model of severe
osteopetrosis

The toothless (#/es) phenotype was identified as a recessive
trait in which complete failure of tooth eruption was detected
in N-ethyl-N-nitrosourea (ENU)-mutagenized G3 mice in both
sexes (Supplementary Material, Fig. SIA). Mutant mice dis-
played also growth retardation, and lymphoid aberrations char-
acterized by thymic hypoplasia, enlarged spleens and absence
of lymph nodes. Additionally, these mice displayed early
lethality, where 60% of the tles/tles mice died by the
seventh week of age (Supplementary Material, Fig. S1B).
Since failure of tooth eruption is a typical finding in osteope-
trosis, we performed extensive histological analysis of the
tibiae and femurs in 4—6-week-old t/es/tles mice and wild-
type (WT) control littermates. Staining of long bones with
von Kossa (Fig. 1A), as well as with hematoxylin/eosin
(Fig. 1B), revealed severe osteopetrosis in mutant mice,
whereas staining with tartrate-resistant acid phosphatase
(TRAP), an enzyme that is highly expressed in osteoclasts,
showed that #les/tles mice completely lacked TRAP-positive
(TRAP+) multinucleated osteoclasts (Fig. 1B).

Failure of osteoclast formation can result either from an
intrinsic defect in osteoclast differentiation or from an
impaired crosstalk between osteoclasts and osteoblasts/
stromal cells (28,29). To discriminate these possibilities, we
performed ex vivo osteoclastogenesis assays using hematopoi-
etic progenitor cells isolated from bone marrow (BM) or
spleens that can differentiate into TRAP+ mature multinu-
cleated osteoclasts in the presence of macrophage
colony-stimulating factor (M-CSF) and RANKL (13). Cul-
tures of BM cells and splenocytes from either WT or fles/
tles mice differentiated into TRAP+ multinucleated osteo-
clasts (Fig. 1C and Supplementary Material, Fig. S2A), indi-
cating that the intrinsic osteoclast differentiation process is
not defective in the fles/tles mice. To determine whether osteo-
blasts isolated from the fles/tles mice can support osteoclasto-
genesis, we established ex vivo co-culture assays between
primary osteoblast cultures and hematopoietic progenitors
from BM or spleens in the presence of 1,25(OH), vitamin
D3 and prostaglandin E2 (PGE2) (30). Osteoblasts from WT
mice supported osteoclast formation in progenitors isolated
either from WT or from tles/tles mice, whereas osteoblasts
derived from tles/tles mice were inadequate to crosstalk with
hematopoietic progenitors and direct their differentiation
towards osteoclasts (Fig. 1D and Supplementary Material,
Fig. S2B). These results demonstrate a defective crosstalk
between osteoclast precursors and osteoblasts that could be
possibly caused by a critical factor missing from the osteo-
blasts of fles/tles mice.

tles is a missense mutation in the Rankl gene

The entire genome of 124 F2 animals (62 affected and 62
normal control siblings) was scanned with a collection of 71
polymorphic markers. Initial screening of 20 animals (10
affected and 10 normal siblings) established linkage to distal
chromosome 14. Fine mapping of the locus based on 248
meioses confirmed linkage to 14qD3 at 44 cM, between
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Figure 1. Severe osteopetrosis in tles/tles mice. (A) Representative von
Kossa-stained proximal tibia sections are shown for 4-week-old WT and
tles/tles mice (n=6). (B) Representative serial sections of distal femurs
stained with hematoxylin/eosin (H/E) and hematoxylin/TRAP (H/TRAP)
(n=6). (C) TRAP staining of osteoclast cultures derived from BM cells or
splenocytes (SP) treated with M-CSF and RANKL. (D) TRAP staining of
cocultures between BM cells and primary calvarial osteoblasts (OB) in the
presence of 1,25(0OH), vitamin D3 and PGE2. Representative data of three
experiments performed in triplicate. Bars: (A) 200 um; (B, C and D) 100 pm.

single-nucleotide polymorphisms (SNPs) rs13482262 and
rs30965774, with a logarithm of odds score of 33.8 and a
P-value of 8.80912e —42 (Fig. 2A).

Screening of the region for candidate genes indicated the
presence of the Rankl gene and sequencing of its coding
region identified within exon 5 a single base transition of
guanine to adenine (GenBank NM_011613.3), resulting in a
glycine (G) to arginine (R) substitution at position 278
(G278R) (NP_035743) (Fig. 2B). G278 is located at the hydro-
phobic F B-strand of the monomer that is part of the inner
A’AHCF f-sheet involved in intersubunit association and
trimer assembly (6,7). Thus, the G278R substitution is likely
to interrupt trimerization of the RANKL monomers due to
steric clashes and positive charge introduction (Fig. 2C and D).
G278 residue is highly conserved among various TNF super-
family members, including TNF, CD40L, TRAIL, BAFF
and APRIL (Fig. 2E).

Genetic confirmation of the RANKL G278R mutation

Toconfirmthatthe RANKL G278R substitution causes the osteo-
petrotic phenotype developed in the rles/tles (Rankl™"*)
mice, we performed genetic complementation by generating
Rankl~"" compound heterozygous mice through intercrosses
between heterozygous Rankl™’® mice and heterozygous
Rankl null mice (Rankl™’™) (13). Rankl~""* mice (n= 6)
exhibited severe osteopetrosis characterized by failure of
tooth eruption, high bone mass and absence of osteoclasts
comparable with the phenotype developed in Rankl™®"
and Rankl~’~ mice (Fig. 3A). These results verify that the

G-to-A transition is a loss-of-function mutation that results
in severe osteopetrosis in the Rankl™"* mice.

Three-dimensional microstructural analyses using high-
resolution microcomputed tomography confirmed severe
osteopetrosis in Rankl"®"* mice (Fig. 3B), which was
further validated using bone histomorphometric analysis
(Fig. 3C). Rankl"*"* mice develop severe osteopetrosis
similar to Rankl™’~ mice, also indicating that the mutant
protein is inactive. Interestingly, Rankl™"* mice are not
osteopetrotic and exhibit bone parameters similar to those of
WT control mice and Rankl™ ™ mice (Fig. 3C).

To verify whether administration of recombinant RANKL
restores osteoclast formation in vivo, Rankl"®"®* mice were
treated from day 13 of age for a period of 14 days with
daily subcutaneous injections of recombinant murine
RANKL at 150 pg/kg. A massive formation of TRAP+
cells was identified both in trabecular and in cortical bones
of RANKL-treated Rankl"*"* mice, indicating that exogen-
ous RANKL efficiently restores osteoclast formation in vivo
(Fig. 3D). These results confirm that administration of recom-
binant RANKL might be considered for the therapy of human
RANKL-mediated ARO (27).

G278R impairs RANKL trimerization and binding to
RANK

G278R substitution allows normal RANKL gene expression
and protein production (Supplementary Material, Fig. S3).
Since G278 resides at the subunit interfaces in the trimer, it
may alter trimer formation. To determine whether G278R
affects trimer assembly, recombinant soluble WT RANKL
and RANKLY?"®® fysed at the N-terminus with glutathione
S-transferase (GST) were produced and characterized bio-
chemically. Previous studies have shown that the GST
moiety does not impact on RANKL function (31,32),
whereas it enhances the formation of multimers due to the
natural tendency of GST to dimerize. RANKL multimers
were detected in WT GST-RANKL, but not in
GST-RANKL®*"®R " ysing both monoclonal and polyclonal
antibodies against murine RANKL or polyclonal antibodies
against GST in native polyacrylamide gels (Fig. 4A). Instead, a
lower molecular weight band was detected exclusively in
GST-RANKL®?®®  ysing polyclonal antibodies against
RANKL or GST, which corresponds most probable to
GST-RANKL®?”®R monomers. In addition, both antibodies
immunoreacted with high molecular weight GST-RANKL %278}
complexes, indicating protein aggregation. The failure of
GST-RANKL ?"®® detection by the monoclonal antibody in
native conditions could be explained by the modification of
the RANKL“?7®R structure so that the specific epitopes were
either destroyed or masked. However, both GST-RANKL
and GST-RANKL?"R were identified by both monoclonal
and polyclonal antibodies against RANKL in SDS-reduced
conditions (Fig. 4A).

The inability of the soluble RANKL“*"*} protein to form
trimers was then verified using chemical crosslinking
(Fig. 4B). GST was removed from the RANKL protein, with
proteolytic cleavage of GST-RANKL bound on glutathione
beads. Even though, soluble WT RANKL was released effi-
ciently from the beads, the majority of the soluble
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Figure 2. Mapping, identification and representation of the f/es mutation. (A) Based on genome-wide genetic analysis, the causal mutation was mapped to
chromosome 14. (B) DNA sequencing of the Rankl gene in WT (+/+) control, +/tles heterozygous and tles/tles homozygous mice revealed that the mutation
corresponds to a G-to-A transition (asterisk) causing a glycine-to-arginine substitution at residue 278. (C) Ribbon diagram of the RANKL trimer viewed down
the 3-fold symmetry axis represents a trimer consisting of two WT monomers containing G278 (orange) and one monomer containing the G278R mutated residue
(yellow). (D) Space-filling diagram of the RANKL monomer viewed towards the trimer interface, with the mutation G278R (yellow chickenwire) in place.
Hydrophobic amino acids are colored purple, polar in green and charged (4+/—) in blue/red, respectively. (E) The sequence of the extracellular F B-strand
of the murine RANKL is aligned to those of human TNF family cytokines RANKL, TNF, CD40L, TRAIL, BAFF, APRIL and LTa. The degree of homology
correlates with gray scaling, 0—50% conservation (no color), 50—-70% (gray), 70-90% (dark gray), >90% (black). The asterisk indicates G278.

RANKL“?7®R protein remained bound on the beads after di-
gestion (data not shown). This phenomenon indicates
increased hydrophobicity of the RANKLY*"*R protein due to
the formation of hydrophobic protein—protein interactions.
Chemical crosslinking of soluble WT RANKL showed a
trimer form in addition to a dimer and a monomer form,
whereas without crosslinker only monomers were detected
(Fig. 4B) (33). In contrast, crosslinking of the released
soluble RANKL“?"®}® protein revealed only the monomer
form and a high molecular weight ‘aggregate’ form.

To verify that RANKLY?"R cannot form trimers in eukary-
otic cells, HEK 293FT cells were transiently transfected with
expression vectors of the full-length WT or RANKL*75R
fused to FLAG or Myc tag at the C-terminus (Fig. 4C).
Similar to the analysis of recombinant RANKL proteins,
trimer formation was detected only in WT RANKL-Myc but
not in RANKL%?"®R_-Myc. Co-transfection of WT RANKL-
FLAG with either WT RANKL-Myc or RANKL“?"**_Myc
revealed the presence of trimer formation only in cells coex-
pressing both WT forms (Fig. 4C). These results indicate
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Figure 3. Genetic confirmation of the RANKL G278R mutation. (A) Serial sections of tibiae from 3-week-old Rankl /s compound heterozygous mice were
stained with hematoxylin and TRAP (H/TRAP). Bar: 100 pm. (B) Representative femur trabecular areas from Rankl™™, Rankl™~ and Ranki"™"®> mice
scanned with microCT (n =6 Per group). (C) Histomorphometric analysis of structural bone parameters of femurs from Rankl™* (n=12), Rankl*™’~ (n=
6), Rankl™'~ (n = 6), RankI*"* (n = 6) and Rankl"*""* (n = 6) littermate mice at 4 weeks of age. BV/TV, bone volume/total volume; NOc/T.Ar, number
of osteoclasts/total area; NOc/B.Pm, number of osteoclasts/bone perimeter/mm; Tr.Th, trabecular thickness (mm); Tr.N, trabecular number/mm; Tr.S, trabecular
separation/mm3. ***P < 0.0001 and **P < 0.001 when Rankl™’~ and Rankl"*""** mice were compared with the rest groups. (D) Osteoclast formation is restored

by recombinant RANKL administration. Daily subcutaneous injections of recombinant RANKL at 150 pg/kg in Ran

k1" mice (n = 4) induce formation of

TRAP+ cells in trabecular bones. Representative TRAP staining of distal femur sections are shown. Scale bar: 50 pm.

that RANKL“?7®R not only fails to form trimers but also inhi-
bits WT RANKL trimerization.

Soluble RANKL (8,9) was detected in supernatants of HEK
293FT cells transfected with WT RANKL-FLAG and WT
RANKL-Myc or co-transfected with both WT forms but not
in supernatants of cells transfected with RANKL“?"**-Myc
or co-transfected with WT RANKL-FLAG (Fig. 4D). These
results s1gagort a failure of trimer assembly in cells expressing
RANKL“?"#R or coexpressing RANKL?7*® and WT RANKL,

as the specific antibodies recognize epitopes on RANKL
trimers which are not formed in the latter cases.

To investigate whether RANKLY?"®R interacts with WT
RANKL, immunoprecipitation was performed. Lysates of
HEK 293FT cells transfected with WT RANKL-FLAG in
the presence of either WT RANKL-Myc or RANKL275R.
Myc were immunoprecipitated with an anti-Myc antibody,
and the immunoprecipitates were assayed for the presence of
the FLAG epitope by immunoblot (Fig. 4E). WT RANKL-
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Figure 4. RANKL?7®® fails to trimerize and bind to RANK but interacts with WT RANKL. (A) Recombinant WT GST-RANKL and GST-RANKL 78 were
resolved either on native or on SDS-reduced polyacrylamide gel electrophoresis (PAGE) and detected by western blotting using monoclonal (mono) or poly-
clonal (poly) antibodies against RANKL or against GST. (B) Soluble WT RANKL and RANKLS?"®R proteins were crosslinked with DSS (+) or PBS (—),
run on 12% SDS—PAGE and detected by western blot using an anti-RANKL polyclonal antibody. (C) HEK 293FT cells were transfected with full-length
WT RANKL-FLAG, WT RANKL-Myc and/or RANKL?7R_Myc. Lysates were analyzed in native gels followed by western blot using an anti-Myc antibody.
The protein input was determined in SDS—PAGE and western blotting using antibodies against FLAG, Myc and actin. (D) The levels of soluble RANKL were
quantified in supernatants of transfected HEK 293FT cells displayed in (C). Data are shown as mean + SEM of three experiments in duplicate. ***P < 0.0001
when compared with WT RANKL-expressing cells. (E) Lysates of transfected HEK 293FT cells were immunoprecipitated with a Myc-specific antibody, and
immunoblotted with an anti-FLAG antibody. The protein input was determined in western blots using antibodies against FLAG, Myc and actin. A representative
figure of three independent exgerlments is shown for western blots. (F) Different concentrations of RANK-Fc were added to plates coated with either WT
GST-RANKL, GST-RANKLY?7®® or GST, and the binding was monitored by fluorescence detection of PE-conjugated goat anti-human IgG. Data are
shown as mean + SEM of three experiments performed in duplicate.

FLAG coimmunoprecipitated with either WT RANKL-Myc or
RANKL%?7®R_Mye, indicating that WT RANKL interacts with
RANKL G278R

To examine whether RANKLY?*R binds to the RANK
receptor, serial dilutions of murine RANK-Fc were incubated
with immobilized WT GST-RANKL, GST- RANKL"*} o
GST (Fig. 4F). RANK-Fc interacted with GST-RANKL in a
dose-dependent manner, but not with GST-RANKL%"R or
GST. This result shows that the binding affinity of
GST-RANKL“?"R for RANK-Fc was completely abolished,
as a result of its inability to form trimers. Collectively, these

results indicate that G278R substitution is critically involved in
the abrogation of RANKL trimer formation and subsequently
receptor binding.

RANKLS?7®R Jacks biological activity and possesses a
dominant-negative effect

To confirm that RANKL?73R is inactive and to test whether it
interferes with the ability of WT RANKL to induce ex vivo
osteoclast formation, BM cells were treated with 25 ng/ml
M-CSF and 50 ng/ml GST-RANKL for 5 days in the presence
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Figure 5. Dose-dependent suppression of RANKL-induced osteoclast formation by RANKL?7®R ' (A) Representative TRAP stain of osteoclast cultures from
WT BM cells treated with M-CSF and GST-RANKL in the absence (1:0) or presence of GST-RANKL 78R at various concentrations including 100 ng/ml (1:2),
50 ng/ml (1:1), 25 ng/ml (2:1) or 12.5 ng/ml (4:1). Bar: 100 wm. (B) The number of TRAP+ multinucleated (three or more nuclei) cells was calculated per well
(24-well plate). (C) The nuclei number in TRAP+ multinucleated cells was also calculated. Data are shown as mean + SEM of three experiments in duplicate.
Each group was compared with that of GST-RANKL (1:0) (**P < 0.001, ***P < 0.0001).

or absence of GST-RANKL“?"*R at different concentrations
from 12.5 to 100 ng/ml (Fig. SA—C). It is shown that WT
GST-RANKL (ratio 1:0) induces formation of TRAP+ giant
osteoclasts. Instead, RANKLY?75R lacks biological activity as
GST-RANKL“?"®R fajled to induce formation of TRAP+ cells
(ratio 0:1). Complete inhibition in the formation of multinu-
cleated TRAP+ osteoclasts was noticed when the concentration
of WT GST-RANKL was half of that of GST-RANKL®7*}
(ratio 1:2). Incubation of WT GST-RANKL with GST-
RANKLY?7®R at equal molar 1:1 concentrations impaired the
formation of TRAP+ giant multinucleated cells, whereas
small-sized TRAP+ cells with low numbers of nuclei were
still formed. However, TRAP+ giant multinucleated cells
were formed at a 2:1 ratio, which were morphologically
smaller and exhibited less multinucleation when compared
with osteoclasts formed in the presence of WT GST-RANKL
exclusively (ratio 1:0). Formation of giant osteoclast-like cells
was evident when WT GST-RANKL was mixed with
GST-RANKLA?7®R at a ratio of 4:1 or higher. Incubation of
WT GST-RANKL with GST at similar concentrations
(12.5—-100 ng/ml) did not affect the formation of osteoclasts.
These results indicate that the RANKLY?’®® variant lacks bio-
logical activity and possesses a dominant-negative effect on
WT RANKL function.

However, a dominant-negative effect does not apply in het-
erozygous mutant mice. Since heterozygous mice are expected

to produce a 1(WT): 1(RANKL%?7®%) protein ratio, we investi-
gated the interactions between WT RANKL and
RANKL®?78R at equimolar amounts, after preincubation for
1 h, crosslinking with disuccinimidyl suberate (DSS) and ana-
lysis in SDS—PAGE (Supplementary Material, Fig. S4). Inter-
estingly, a dramatic increase in the intensity of RANKL
trimers, dimers and monomers was observed, which could be
explained by an interaction of RANKLY?*R with WT
RANKL and the formation of trimeric heterocomplexes (2
WT:1 RANKLY?78%) Exchange of one WT monomer in homo-
trimers with one RANKL“*"*® monomer is expected to increase
the amount of WT monomers which could further bind together
to form homodimers, as this constitutes a dynamic process. The
increase in RANKL trimers could be attributed to the presence
of both intact WT RANKL homotrimers and newlg formed het-
erotrimers with RANKL?73R (2 WT:1 RANKLY?"R), which
according to our in silico binding analyses are likely functional.
Therefore, we postulate that, in heterozygous mice, adequate
levels of functional RANKL trimers are formed enabling
proper osteoclastogenesis, which could explain the absence of
a dominant-negative effect in heterozygous animals.

G122R substitution abrogates TNF activity

Glycine at codon 278 of RANKL is highly conserved among
various members of the TNF superfamily (Fig. 2E). Thus,
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Figure 6. G122R substitution abrogates TNF trimer formation, binding to TNFR and bioactivity. (A) Soluble WT TNF and TNFC122R proteins were crosslinked
with DSS (+) or PBS (—), run on 12% SDS—PAGE and detected by western blot using an anti-TNF polyclonal antibody. (B) Different concentrations of
p75TNFR-Fc (1-160 ng/ml) were added to plates coated with either soluble TNF or TNFS22R and the binding was monitored by detection of HRP-conjugated
goat anti-human IgG. Data are shown as mean + SEM of a representative experiment performed in triplicate. (C) L929 cytotoxicity assay was performed in the
presence of WT GST-TNF or GST-TNF®'??R at serial dilutions (0.03—4 ng/ml). Data are shown as mean + SEM of three experiments performed in triplicate.

we investigated whether a similar substitution in human TNF,
which corresponds to a replacement of glycine with arginine at
position 122 (G122R) in the soluble form or at position 198 in
the transmembrane form, modifies TNF trimerization and
function. Biochemical analysis showed that TNF multimers
were detected in recombinant WT GST-TNF but not in
GST-TNFC'?2R " indicating failure of spontaneous trimer as-
sembly (Supplementary Material, Fig. S5). This result was
also confirmed by chemical crosslinking (Fig. 6A) of soluble
WT TNF or TNF¢'#?R after the removal of GST. Similar to
the RANKLS?78R variant, G122R substitution in TNF abro-
gated trimer formation, whereas monomers and, mainly,
aggregates were formed instead of trimers, dimers and mono-
mers detected in WT TNF (Fig. 6A) (34).

To examine whether TNF®'?*® binds to TNF receptor,
serial dilutions of human p75TNFR-Fc were incubated with
immobilized soluble TNF or TNFO9'??R (Fj ig. 6B).
p75TNFR-Fc interacted with TNF in a dose-dependent
manner, but not with TNFS!22R, indicating that TNFE!122R
cannot bind to its receptor. The biological activity of the
GST-TNF®'2?R variant was tested using in vitro cytotoxicity
assays. Although recombinant WT GST-TNF induced dose-
dependent cytotoxicity in L929 cells, GST-TNF“'*?R was in-
efficient to induce cytotoxicity not only at similar doses
(0.03—4 ng/ml) (Fig. 6C) but also at doses 60 times more con-
centrated (240 ng/ml). These results indicate that a similar
residue substitution in soluble human TNF, G122R, is critical-
ly involved in the abrogation of TNF trimer assembly, receptor
binding and biological activity.

Small-molecule SPD304 interferes with RANKL structure
and inhibits RANKL-induced osteoclastogenesis

A novel small-molecule inhibitor of TNF trimerization, named
SPD304, has been recently reported (35) to interact with
glycine 122 (G122), which corresponds to G278 in RANKL.
Experimental evidence on the TNF analogue (35) and in
silico binding studies on mouse RANKL confirm that the
optlmal binding position of SPD304, causing trimer inhibition,
is located very close (<4 A) to the G278 mutation position in
the structure (Supplementary Material, Fig. S6A). To experi-
mentally confirm the interference of the SPD304 with the
RANKL structure, soluble mouse RANKL was preincubated
with increasing concentrations of SPD304 (6—200 pwm) and
analyzed in native gels showing the natural conformation of
RANKL protein (Supplementary Material, Fig. S6B). In the
absence of SPD304, soluble RANKL was detected as a
single main band, whereas a second band of lower molecular
weight was also evident in the presence of SPD304. This
change of the RANKL conformation appeared even in the
lower concentration of SPD304 tested (6 wM) and was more
noticeable at 200 wm, indicating a possible release of
RANKL dimers and monomers by SPD304. To confirm this,
chemical crosslinking experiments were performed in
soluble RANKL preincubated with SPD304 at similar concen-
trations. Indeed, in the presence of SPD304, a dramatic
increase of RANKL dimers and monomers was detected, indi-
cating disruption of the trimeric RANKL structure (Supple-
mentary Material, Fig. S6C). Intriguingly, a significant
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Figure 7. SPD304 inhibits RANKL-induced osteoclastogenesis. (A) Repre-
sentative TRAP stain of osteoclast cultures from WT BM cells treated with
M-CSF and GST-RANKL in the presence of 0.25-2 pm SPD304. Bar:
100 wm. (B) The number of TRAP+ multinucleated (three or more nuclei)
cells was quantitated per well (48-well plate). (C) The nuclei number in
TRAP+ multinucleated cells was also calculated. Data are shown as
mean + SEM of three experiments performed in duplicate. The effect of
SPD304 on osteoclast formation was compared with that of untreated cells
(*P < 0.05, **P < 0.001, ***P < 0.0001).

increase in the intensity of the band corresponding to RANKL
trimers was also noticed. This could reflect a possible con-
formational alteration in the structure of RANKL trimers com-
plexed with SPD304 that lowers the threshold required for the
detection of RANKL trimeric molecules by the polyclonal
anti-RANKL antibody, enabling the detection of more
RANKL molecules.

To investigate whether SPD304 can inhibit RANKL func-
tion in osteoclastogenesis assays, BM cells were treated with
25 ng/ml M-CSF and 80 ng/ml GST-RANKL in the presence
of SPD304 at different concentrations ranging from 0.25 to
2 wM. SPD304 at 1 wMm attenuated both the number and the
size of TRAP+ multinucleated cells, whereas at 2 M the for-
mation of multinuclear TRAP+ osteoclast was completely
inhibited (Fig. 7A—C). SPD304 did not display any cell tox-
icity at the indicated doses. Collectively, these results
provide supporting evidence that SPD304 modifies the con-
formation of the RANKL trimeric structure and inhibits
RANKL-mediated osteoclastogenesis.

DISCUSSION

Human osteopetroses are a heterogeneous group of bone re-
modeling disorders characterized by an increase in bone
density due to a defect in osteoclastic bone resorption. Func-
tional mutations in RANKL have been identified in a new
form of osteoclast-poor ARO that could not be cured by hem-
atopoietic stem cell transplantation. Three loss-of-function
RANKL mutations have been identified in ARO, M199K,
del145-177AA and V277W{XS5 (27); the single amino acid

substitution, M199K, is located within a highly conserved
domain, the deletion 145—177 removes B-strand A and half
of the AA’ loop which could abolish the interaction with
RANK, whereas the frameshift deletion V277WfX5 and the
resultant loss of strand F, which is important for the trimeriza-
tion of RANKL, could abrogate the conformation and the
binding activity (36). Interestingly, these RANKL mutations
were localized within the extracellular bioactive TNF-like
core domain, whereas the underlying molecular mechanisms
leading to ARO pathogenesis remain unknown. Characteriza-
tion of functional RANKL mutations derived either in humans
or in animal models constitutes a powerful approach for the
elucidation of the molecular basis of ARO as well as for the
potential design of novel RANKL inhibitors.

Following a forward genetics approach using ENU-
mediated random mutagenesis, we identified a novel ARO
model (tles), characterized by defective tooth eruption, com-
plete lack in osteoclasts, increased bone mass and absence
of lymph nodes. In this study, we demonstrate that the fles
osteopetrotic phenotype is caused by a missense point muta-
tion in the Rankl gene that corresponds to a single amino
acid substitution from glycine to arginine (G278R) at the
extracellular TNF-like core domain of RANKL. Since the
skeletal phenotype of the Rankl mutant mice (Rankl™*"*) is
similar to the existing Rankl knockout models (13,14), our
results indicate that a single amino acid change is sufficient
to cause a loss-of function Rankl allele and subsequently
ARO in vivo. However, the Rankl"®"®* mice differ from the
Rankl knockout mice at the molecular level. Even though
Rankl"®"" mice produce physiological levels of a non-
functional RANKL protein, in Rankl knockout mice there is
no production of either mRNA or RANKL protein. This is
due to the fact that the Rankl null alleles have been highly dis-
rupted by the incorporation of the neomycin selection cassette
as well as by the deletion of large protein regions. Instead, the
mutant allele contains a point mutation in a coding region that
causes a single amino acid substitution, mimicking natural
genetic variants. The Rankl™"* osteopetrotic model is the
first reported animal model that carries a functional mutation
in the Rankl gene and closely resembles RANKL-mediated
human ARO, as in both cases the RANKL protein is produced
but is inactive due to disruptive mutations at the extracellular
bioactive TNF-like core domain, unlike the Rankl null alleles
(13,14). G278R substitution fully abrogates RANKL function
by impairing trimer assembly, providing a possible mechanis-
tic explanation for some forms of human RANKL-mediated
ARO. Even though, an equivalent substitution for G278 has
not been reported in ARO patients so far, such amino acid is
deleted at the frameshift deletion V277W{X5, which is pre-
dicted to cause loss of the BG, BH and BF strands of
RANKL, important for its trimerization (27). It is therefore
likely that the loss of trimerization we have described in this
study may represent a pathogenetic mechanism driving ARO
pathology. Thus, in addition to the use of Rankl knockout
models for preclinical studies, our newly described ARO
model may also be useful in the validation of new therapeutic
approaches in ARO due to the presence, as in humans, of a
mutated RANKL variant. Indeed, administration of recombin-
ant soluble RANKL completely rescues the osteoclast defect
in vivo, indicating that treatment with recombinant RANKL
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might overcome failure of osteoclast formation and osteope-
trosis in ARO. Future comparative studies could show
whether the effectiveness of novel therapeutic approaches is
similar in both ARO mouse models, Rankl"**"* and Rankl
knockout mice, which differ at the protein level.

At the molecular level, our data demonstrate that a single
amino acid substitution in the core of TNF-like trimeric struc-
ture, G278R, completely inactivates RANKL function by inhi-
biting its trimerization. Even though, it has been previously
proposed that RANKL trimerization involves intersubunit
interactions among 43 residues, scattered mainly within the
10 highly conserved B-strands of each monomer (6), it is
shown here for first time that a single amino acid substitution
is sufficient to completely disrupt trimer assembly. G278 is ori-
ginally shown here to constitute one of the critical amino acid
involved in RANKL function, providing new opportunities
for the rational design of novel RANKL inhibitors. So far, the
identification of functional RANKL residues has been based
on predictions made on the crystal structure of RANKL/
RANK (36,37). Such studies have been exclusively concen-
trated in amino acids interacting with the RANK receptor
such as the Glu225, Arg222 and Asp299 residues (37), where
their substitution leads to a dramatic decrease on binding to
RANK and subsequent inability to promote osteoclast forma-
tion. Our forward genetics approach identifies and characterizes
a critical amino acid substitution that results in protein inactiva-
tion and subsequently to osteopetrosis in vivo.

From our constructed model of the RANKLY?"®R protein
based on the known crystal structure (6,7), it is apparent that
RANKL®78R mutation may not affect the formation and
folding of the monomer but will most deﬁnitel}; affect the for-
mation of a trimer assembly. The RANKL%?®R mutation is
located at the hydrophobic F B-strand (Fig. 2C), which is
100% conserved between human and mouse RANKL. The F
B-strand is part of the inner A’AHCF B-sheet that is involved
in intersubunit association. The introduction of a positive
charge as well as a long side chain is expected to disrupt the
hydrophobic interface and create steric hindrances causing
packing inefficiencies (Fig. 2D). Our biochemical analysis
on recombinant soluble RANKL has revealed that functional
trimers or multimers are not detected for the RANKLY?7%R
protein, confirming our structure-based prediction regarding
the trimerization inability of RANKLY?’*R. Instead, our
studies reveal the presence of monomers as well as the forma-
tion of RANKLY“"*R aggregates that could be explained by
the exposure of hydrophobic regions previously buried in
trimer interfaces. Such hydrophobic surfaces have a natural
tendency to stick together forming non-functional protein
aggregates. Since formation of a functional RANKL trimer
is prerequisite for receptor binding, RANKL“?"®® is unable
to bind and activate RANK that is required for the stimulation
of the downstream signaling cascades, leading to osteoclast
differentiation, activation and survival.

Interestingly, the G278 residue of RANKL is highly con-
served in various members of the TNF superfamily including
TNF, CD40L, TRAIL, BAFF and APRIL, suggesting a similar
involvement in homotrimer assembly. Notably, a similar sub-
stitution of this conserved glycine residue by valine at position
227 has also been detected in the CD40L gene in patients with
X-linked hyper IgM syndrome (38). However, it has not been
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experimentally proven that glycine 227 is involved in ligand
trimerization. Therefore, we investigated whether a similar
substitution in another TNF family member results also in
an inability in the formation of trimers. TNF, the prototype
of the TNF superfamily, has a central role in the pathogenesis
of chronic inflammatory and autoimmune disorders (39), and
TNF inhibitors were the first biologic therapeutics approved
for the treatment of rheumatoid arthritis and inflammatory
bowel disease. Our present data confirm that a similar
residue substitution in soluble TNF, G122R, abrogates TNF
trimer formation, binding to the p75TNF receptor and bio-
activity. Therefore, the identified conserved glycine within
the TNF-like core domain seems to be critically involved in
trimer formation and could be exploited for the design of
novel specific inhibitors a%ainst TNF superfamily members.

Recombinant RANKL®*’®® protein has a dominant-
negative effect in ex vivo osteoclastogenesis assays which
depends on the ratio between WT and RANKL*"*} proteins.
According to our in vitro experimental data and proposed
structural model, functional trimers can be formed when the
ratio of WT to RANKL%?"*R protein is 3:0 (WT homotrimers)
or 2:1 (no dominant negative), whereas there is no activity at
the ratio of 0:3 (only RANKL“?"®}) or 1:2 (dominant nega-
tive), as the latter are proposed to lack trimerization
potency. The formation of a heterotrimer with one mutant
monomer may still be possible without exerting a dominant-
negative effect, since two out of three hydrophobic interfaces
between the monomers are still intact and hold the trimer as-
sembly (Fig. 2C). However, the introduction of two or three
mutant monomers in the trimer is expected to introduce
extra charge repulsions as well as additional steric hindrances
leading to the failure of functional trimer assembly.
The absence of a dominant-negative effect in heterozygous
Rankl"*'* mice in vivo can be explained by the stoichiometry
between WT and RANKLY?®® in RANKL trimers. As
RANKL  spontaneously forms trimers, WT and
RANKLY?®®  proteins can interact and form either
2(WT):1(RANKL%"R) trimers or 1(WT):2(RANKL®*7%R)
trimers. Even though heteroz;/_gous mice are expected to
produce a 1 (WT):1(RANKLA*®®) protein ratio, due to the
trimeric RANKL nature these RANKL variants can still
form functional WT homotrimers or 2(WT): (RANKLS?78%)
trimers, which are shown in vifro to lead to osteoclastogenesis
(Fig. 5). Indeed, our biochemical analyses show that at equi-
molar ratio, soluble WT RANKL and RANKLG?78R interact,
increasing the levels of trimeric RANKL molecules (Supple-
mentary Material, Fig. S4). Such trimers could correspond to
both intact WT RANKL homotrimers and the newly formed
heterotrimers with RANKLY?78®  (QWT:1RANKLS?78R),
which according to our in silico binding analyses are likely
functional. Therefore, we postulate that, in heterozygous
mice, adequate levels of functional RANKL trimers are
formed enabling proper osteoclastogenesis, which could
explain why a dominant-negative effect does not apply in
the heterozygous animals. Instead, complete blockade of
RANKL trimer formation in vivo would require at least two
times higher levels of the RANKLY?"®R protein so that the
stoichiometry favors the dominant-negative effect by
1(WT):2(RANKL?"®”) " which is not probable in heterozy-
gous mice, but may be achieved pharmacologically.
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RANKL is a key therapeutic target in bone-loss diseases
such as osteoporosis, rheumatoid arthritis and bone metastasis.
Recombinant proteins that inhibit RANKL—-RANK interac-
tions, such as RANK-Fc¢, Fc-OPG and anti-RANKL anti-
bodies, have been effectively used for the treatment of
osteolytic bone diseases (25,40,41). However, the use of
large macromolecules as therapeutic agents can be hindered
by drawbacks, including antigenicity, poor bioavailability
and high cost. A variety of novel antiresorptive agents,
either small peptides or peptidomimetics based on the struc-
ture of RANKL and RANK, have been recently developed
that mainly antagonize either the RANKL—-RANK interaction
(36,37,42) or the interaction of RANK with signaling adaptor
molecules (43). Such inhibitors have been developed as alter-
native agents to overcome the disadvantages of using macro-
molecules. The identification of G278 as a critical residue
functionally involved in RANKL trimer assembly points to
the potential use of novel RANKL inhibitors, such as peptides
or small molecules that are designed to interact with such
residue in order to inhibit trimerization. It has been previously
shown that trimer assembly within the TNF ligand family con-
stitutes a dynamic process where subunits can be exchanged
(44). This phenomenon could exglain the dominant-negative
effect exerted by the RANKL“?"*}? variant. Additionally, it
has been recently demonstrated that the disruption of tightly
preassociated homotrimeric proteins, such as TNF, is feasible
through inhibitors that accelerate subunit dissociation.
SPD304, the strongest small-molecule TNF antagonist
reported to date, promotes the dissociation of TNF trimers
(35) by displacing one of the three TNF subunits and
forming a complex with the remaining two that are unable
to bind to and stimulate TNF receptors. Among the 16 inter-
acting residues, 7 are localized in the F B-strand, including
G122, which corresponds to G278 in RANKL. Our results
demonstrate that SPD304 effectively inhibits RANKL-induced
ex vivo osteoclast formation, suggesting a commonality of
mechanism to that of TNF inhibition. This effect might be
explained by interference of SPD304 with the hydrophobic
interfaces of RANKL monomers, including the G278
residue. Indeed, in silico binding studies on mouse RANKL
confirm that the optimal binding position of SPD304,
causing trimer inhibition, is located very close (<4 A) to the
(G278 mutation position (35). Therefore, both the G278R mu-
tation and SPD304 acting on the same location of the trimer’s
monomer—monomer interface are likely to cause an equiva-
lent inhibition effect to the trimer formation. Our experimental
results provide supporting evidence that SPD304 interferes
with the trimeric RANKL structure promoting release of
dimers and monomers similar to the mechanism reported for
TNF (35). However, SPD304 contains a potentially toxic
3-substituted indole moiety that produces reactive intermedi-
ates which possibly cause toxicities by covalently binding to
nucleophilic residues of protein and/or DNA (45). Further
modifications of SPD304 will allow the development of
more potent chemical agents that abrogate trimerization with
higher specificity to TNF and/or RANKL and less toxicity
that can be applied for therapeutic purposes. Especially for
RANKL, the development of small-molecule inhibitors
could offer accessibility to tissues such as brain where
RANKL is highly expressed and is involved in important

biological processes like thermoregulation (21). In this
aspect, our results provide a molecular basis for the rational
design and evaluation of novel RANKL inhibitors, either pep-
tides and/or small molecules that target trimerization as a
novel strategic approach for impairing RANKL bioactivity.
Collectively, our results reveal a functional amino acid critical
for ligand trimerization and bioactivity within the TNF ligand
superfamily which could be used as a target for designing
novel inhibitors that specifically inhibit trimer assembly and
subsequently function of RANKL, TNF or other TNF super-
family members.

MATERIALS AND METHODS
Mouse husbandry

The Rankl™’~ mice have been previously reported (13). DBA/
2J mice were purchased from the Jackson Laboratories. Mice
were maintained and bred under specific pathogen-free condi-
tions in the animal facility of Biomedical Sciences Research
Center (BSRC) ‘Alexander Fleming’. All animal procedures
were approved and carried out in strict accordance with the
guidelines of the Institutional Animal Care and Use Commit-
tee of BSRC ‘Alexander Fleming’ and in accordance with the
Hellenic License for Animal Experimentation at the BSRC
‘Alexander Fleming’.

ENU mutagenesis

GO males of a mixed C57BL/6Jx129S6 background were
treated with ENU (Sigma-Aldrich, Inc.) administered in
three weekly doses at 100 mg/kg of body weight (46,47).
Each GO mouse was crossed to WT C57BL/6Jx129S6 females
to produce G1 males that were further mated with WT females
to produce G2 daughters that were subsequently backcrossed
with the G1 parent to generate G3 progeny (47—49). ENU muta-
genesis was performed at BSRC ‘Alexander Fleming’.

Mapping and sequencing

Heterozygous +/tles animals were outcrossed with DBA/2J
mice and the F1 offspring were intercrossed to generate the
F2 progeny harboring the recessive tles mutation. F2
progeny were screened for osteopetrosis and used for genetic
analysis. A total of 71 polymorphic markers, including
simple sequence-length polymorphisms (SSLPs) and SNPs,
were used for genome-wide linkage analysis. SSLPs were
resolved on 4% agarose gels, whereas SNPs were identified
by pyrosequencing using the Pyromark ID instrument
(Biotage AB). A standard genome scan was conducted using
R/qtl (The R Foundation for Statistical Computing, version
2.8.0) (50). Log-likelihood linkage for single-trait analysis
was established by non-parametric interval mapping of a
binary model (diseased versus healthy control siblings), on
124 F2 animals in total, computed at 1 cM increments over
the entire genome. Sequencing was carried out as a service
by MWG Biotech AG.
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Crystal structure and molecular modeling

The RANKL homotrimer structure was obtained from the
Protein Data Bank (PDB; code 1S55) (www.rcsb.org/pdb/).
Molecular models for the G278R mutant homo- and heterotri-
mers were built using Modeller v9.4 (51) and tested for
packing inconsistencies and atomic clashes using the
program QUANTA-CHARM (Molecular Simulations, Inc.,
San Diego, CA, USA) (52).

Histopathological analysis

Femurs and tibiae were fixed in 4% PFA for 6 h, decalcified in
13% EDTA and embedded in paraffin. Sections of 5 pm thick-
ness were stained with hematoxylin/eosin. Osteoclasts were
stained for TRAP activity using a leukocyte acid phosphatase
(TRAP) kit (Sigma-Aldrich).

Ex vivo osteoclast formation

BM cells were collected after flushing out of femurs and tibiae,
subjected to gradient purification using ficoll-paque (GE Health-
care), plated in 24-well plates at a density of 5 x 10° cells per
well and cultured in aMEM medium (GIBCO) containing
10% fetal bovine serum supplemented with 40 ng/ml
RANKL (R&D Systems) and 25ng/ml M-CSF (R&D
Systems) for 5 days. Similarly, splenocytes were collected,
plated in 24-well plates at a density of 10° cells per well
and cultured in the presence of recombinant RANKL and
M-CSF for 6 days. GST-RANKL®*®*® was preincubated
with WT GST-RANKL at room temperature for 20 min,
prior to the stimulation of the BM cell cultures, in order to
enable exchange of the RANKL variants and heterotrimer
formation. Small-molecule SPD304 (Sigma-Aldrich) was pre-
incubated with 80 ng/ml GST-RANKL at various concentra-
tions from 0.25 to 2 pM in «aMEM medium for 1 h at room
temperature and then added to culture. Osteoclasts were
stained for TRAP activity.

Osteoblasts were isolated from calvariae of 10-day-old
mice, using a sequential collagenase/dispase digestion proced-
ure, were plated in 24-well plates at a density of 4 x 10* cells
per well and cultured overnight in aMEM medium with 10%
FBS. BM cells or splenocytes were collected, cultured with
10 ng/ml M-CSF overnight, subjected to gradient centrifuga-
tion and co-cultured with osteoblasts at a density of 5 x 10°
(BM cells) and 2 x 10° (splenocytes) in « MEM medium sup-
plemented with 1,25(OH), vitamin D3 (10 nm) and PGE2
(1 p™m) for 6 days.

Bone histomorphometry

Left femurs were fixed in 4% formalin and embedded in
methylmethacrylate resin (Technovit; Heraeus Kulzer, Wehr-
heim, Germany) using standard procedures.
Four-micrometer-thick sections were prepared with a Jung
microtome (Jung, Heidelberg, Germany) and stained with
von Kossa stain and toluidine blue. Standard bone histomor-
phometric measures were analyzed using a Zeiss Axioskop 2
microscope (Zeiss, Marburg, Germany) equipped with an
Osteomeasure image analysis system.
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MicroCT imaging

MicroCT images were acquired on a vivaCT40 (Scanco
Medical, Bassersdorf, Switzerland). The scanner generates a
cone beam at 5mm spot size and operates at 50 keV.
Images of femurs from WT, Rankl~’~, Rank™'~, Rankl"®’
fles and Rankl™™* mice were acquired.

Quantification of soluble RANKL

The levels of soluble mouse RANKL were quantitated using a
commercial ELISA kit (R&D).

Expression and purification of GST-RANKL and
GST-TNF

The extracellular domains of RANKL, RANKL7*} TNF
and TNFY'?*R were expressed in Escherichia coli as a
GST-fusion protein. Briefly, a cDNA encoding the core ecto-
domain of murine RANKL residues 158—316, with or without
the G278R substitution, was cloned into pGEX-6P-1 (GE
Healthcare Life Sciences) downstream of GST. For the gener-
ation of recombinant GST-TNF, a cDNA encoding the extra-
cellular domain of human TNF from valine 77 to leucine 233
was also cloned into pGEX-6P-1. The G122R substitution was
introduced by a two-step overlapping PCR approach. Follow-
ing IPTG-mediated (100 ™) induction of protein expression,
BL21cells were lysed by sonication, and incubated with
glutathione-sepharose beads. The GST-fused proteins were
released from the affinity matrix by competitive elution with
50 mm glutathione (Sigma-Aldrich).

Purification of soluble RANKL and TNF

After the capture of GST-RANKL or GST-TNF on glutathione
beads, soluble RANKL or TNF was eluted by cleavage of
beads with PreScission Protease (GE healthcare) for overnight
at 4°C.

Protein crosslinking assay

The chemical crosslinking reagent DSS (Sigma) was used to
examine the trimeric property of RANKL and TNF (33).
50 mm of DSS was prepared as a stock solution in dimethyl
sulfoxide. RANKL or TNF proteins at a final concentration
of 0.1 mm in PBS buffer (pH 7.5) were mixed with 1 mm
DSS (the molar ratio of DSS is 10:1). The crosslinking reac-
tions were carried out for 1 h at room temperature and termi-
nated with 50 mm Tris (pH 7.5) for 30 min. Proteins from
reaction mixtures were separated on 12% SDS—PAGE, fol-
lowed by staining with Coomassie blue R-250 or proceeded
in western blot.

Generation of C-terminus-tagged full-length WT and
RANKL®?78R

The full-length mouse WT or RANKL®*’®® ¢DNA constructs
encoded residues 1-316 without a stop codon. A Myc-tagged
RANKL expression vector was constructed by inserting full-
length RANKL into the pcDNA3.1/myc-His A MCS vector
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(Invitrogen). FLAG-tagged RANKL was created by subclon-
ing full-length RANKL into the p3XFLAG-CMV-14 expres-
sion vector (Sigma-Aldrich).

Transient 293 transfection assays

HEK 293FT cells were transfected with 1 wg of plasmid DNA
using Translt-293 transfection reagent (Mirus, Madison,
WI, USA). After 48 h, transfected cells were harvested in
PBS and the half quantity was diluted in equal volume of
2x Laemmli sample buffer, and analyzed in 12% acrylamide
denatured gels. The remaining cells were lysed by sonication,
centrifuged and analyzed in 8% native acrylamide gels.

Western blot

Recombinant proteins or lysates were resolved either on 8%
native acrylamide gels or on 12% SDS denatured acrylamide
gels. RANKL was detected by western blotting using either
a monoclonal (clone IK22/5, eBioscience) or a polyclonal
(R&D Systems) anti-RANKL antibody, whereas for GST
detection a rabbit polyclonal anti-GST antibody was used.
Human TNF was detected using a rabbit polyclonal
anti-TNF antibody provided by Professor Wim Buurman
(Maastricht University). Moreover, antibodies against Myc
(rabbit polyclonal, Santa Cruz Biotechnology), FLAG (M2,
Sigma) and actin (goat polyclonal, Santa Cruz Biotechnology)
were also used.

Immunoprecipitation

HEK 293FT cells were harvested 48 h after transient transfec-
tion, lysed and incubated with an anti-Myc antibody.
Anti-Myc immunocomplexes were precipitated with protein
A/G Sepharose (Santa Cruz Biotechnology). Protein com-
plexes were resolved by SDS—PAGE and immunoblotted
with an anti-FLAG antibody.

Binding assay of GST-RANKL®?7*R to RANK

Nunc plates were coated with recombinant WT GST-RANKL,
GST-RANKL®*"®R or GST at 3 wg/ml and after blocking with
1% BSA were incubated with increasing amount of
recombinant mouse RANK-Fc (R&D Systems). RANK
binding was detected with a phycoerythrin (PE)-conjugated
goat anti-human IgG (Fc) (SouthernBiotech, Birmingham,
AL, USA) that was measured (539—573 nm) with the fluores-
cent plate reader TECAN infinite M200.

Binding assay of TNF¢'*2R to TNFR

Nunc plates were coated with recombinant soluble TNF or
TNFY'2R at 3 wg/ml and incubated with increasing amount
of recombinant human p75TNFR-Fc (Wyeth). TNFR binding
was detected with a horseradish peroxidase (HRP)-conjugated
goat anti-human IgG (Fc) (SouthernBiotech) using
o-phenylenediamine substrate (Thermo Scientific Pierce),
which was measured at 490 nm.

In vivo administration of soluble RANKL

Recombinant soluble RANKL was produced after the diges-
tion of the GST-RANKL protein with prescission protease
(GE Healthcare) for the removal of GST. Mice were treated
from day 13 of age for a period of 14 days with subcutaneous
injections of 150 pg/kg soluble RANKL.

Statistical analysis

Statistical analysis was performed on the Prism software, using
one-way ANOVA with Tukey’s multiple comparison test. All
values are reported as the mean + standard error of the mean
(SEM). All P-values <0.05 were considered significant.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.
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ABSTRACT

Receptor activator of NF-kB ligand (RANKL) plays a key role in osteoclast-induced bone resorption across a range of degenerative
bone diseases, and its specific inhibition has been recently approved as a treatment for women with postmenopausal osteoporosis at
high or increased risk of fracture in the United States and globally. In the present study, we generated transgenic mice (TghuRANKL)
carrying the human RANKL (huRANKL) genomic region and achieved a physiologically relevant pattern of RANKL overexpression in
order to establish novel genetic models for assessing skeletal and extraskeletal pathologies associated with excessive RANKL and for
testing clinical therapeutic candidates that inhibit human RANKL. TghuRANKL mice of both sexes developed early-onset bone loss,
and the levels of huRANKL expression were correlated with bone resorption and disease severity. Low copy Tg5516 mice expressing
huRANKL at low levels displayed a mild osteoporotic phenotype as shown by trabecular bone loss and reduced biomechanical
properties. Notably, overexpression of huRANKL, in the medium copy Tg5519 line, resulted in severe early-onset osteoporosis
characterized by lack of trabecular bone, destruction of the growth plate, increased osteoclastogenesis, bone marrow adiposity,
increased bone remodeling, and severe cortical bone porosity accompanied by decreased bone strength. An even more severe
skeletal phenotype developed in the high copy Tg5520 founder with extensive soft tissue calcification. Model validation was further
established by evidence that denosumab, an antibody that inhibits human but not murine RANKL, fully corrected the hyper-
resorptive and osteoporotic phenotypes of Tg5519 mice. Furthermore, overexpression of huRANKL rescued osteopetrotic
phenotypes of RANKL-defective mice. These novel huRANKL transgenic models of osteoporosis represent an important advance for
understanding the pathogenesis and treatment of high-turnover bone diseases and other disease states caused by excessive RANKL.
© 2014 American Society for Bone and Mineral Research.
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Introduction

one remodeling is a constant physiological process of bone
B resorption and formation. Osteoclasts initiate the remodeling
cascade by removing bone matrix and subsequently osteoblasts
refill these resorption cavities with organic bone matrix, which
gradually attains its biomechanical strength and stiffness via
mineralization." In the healthy young adult skeleton, osteoblastic
and osteoclastic activities are typically balanced so that skeletal
integrity is preserved. Osteoporosis is a metabolic disease that is
associated with unequilibrated bone remodeling resulting from
decreased bone formation and/or accelerated bone resorption. As
aresult, refilling of resorption cavities can be incomplete, leading to
progressive bone loss, increased bone fragility, and fracture risk.?

The cause of the increased bone remodeling is multifactorial,
but a recently discovered cytokine, receptor activator of NF-«B
ligand (RANKL), constitutes the master regulator of bone
resorption.(3) RANKL, a type Il transmembrane protein from the
tumor necrosis factor (TNF) superfamily, binds and activates its
cognate receptor RANK as a trimer, and it also exists in a soluble
form.”” Binding of RANKL to RANK initiates a signaling cascade
essential for the differentiation, activity, and survival of
osteoclasts®® and subsequently for osteoclast-induced bone
resorption.”) The effects of RANKL are physiologically counter-
balanced by the soluble decoy receptor osteoprotegerin (OPG),
which inhibits the binding of RANKL to RANK on osteoclast
progenitors by sequestering RANKLY' and thereby limiting
osteoclastogenesis.” RANKL is broadly expressed not only in
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bone cells including osteoblasts, osteocytes, and hyperplastic
chondrocytes but also in a wide variety of tissues and specific
cells such as spleen, heart, lung, brain, thymus, T and B
lymphocytes, or mammary epithelia cells.#? This expression
pattern is consistent with the pleiotropic effects of RANKL in
diverse tissues including lymphoid tissue organization, mammary
gland development during pregnancy, hormone-driven mam-
mary cancer, cancer metastasis, and thermoregulation.?

Genetic defects impairing the function of RANKL or RANK both
in mice and humans result in severe autosomal recessive
osteopetrosis (ARO)"" owing to impaired osteoclast formation,
demonstrating that RANKL and RANK are indispensable for
osteoclastogenesis. On the other hand, when RANKL overwhelms
the effects of OPG, as occurs in OPG-deficient mice’? and in
postmenopausal osteoporosis,’> the imbalance in the bone
remodeling process results in bone loss and early-onset
osteoporosis. In addition, estrogen or androgen deficiency in
humans and rodents leads to increased RANKL expression that is
possibly associated with increased bone loss and risk of
fractures,">'® providing a rationale for the development of
RANKL-targeted therapies. Indeed, clinical trials with denosumab,
a fully human IgG2 monoclonal antibody that specifically binds
human RANKL (huRANKL) with high affinity, showed an increased
bone mass and reduced incidence of fractures in postmenopausal
women with osteoporosis’® and in prostate cancer patients
receiving androgen-deprivation therapy.“é) This antibody was
recently approved for the treatment of postmenopausal women
with osteoporosis and patients developing cancer-related bone
loss. However, preclinical studies assessing the efficacy and safety
of novel huRANKL inhibitors have been restricted so far to limited
animal models expressing either nonhuman primate RANKL” or
chimeric murine/human RANKL."® Importantly, the ability of
human RANKL to potently activate murine RANK suggested to us
that the creation of human RANKL transgenic mice could provide
a useful model for studying high-turnover bone disease and
other RANKL-induced pathologies without the need for
frequent injections of recombinant human RANKL."® In addition,
controlled expression of huRANKL in transgenic mice is necessary
because constitutive overexpression of soluble RANKL from early
development is lethal at the late fetal stage.?

This initial report provides an extensive characterization of
several transgenic mouse lines (TghuRANKL) that overexpress to
varying degrees human RANKL in tissues that normally express
this cytokine. TghuRANKL mice of both sexes developed early-
onset osteoporosis and the severity of the osteoporotic
phenotype was directly related to the levels of RANKL expression.
Skeletal phenotypes of these mice mimicked moderate to severe
human osteoporosis including trabecular bone loss, cortical
porosity, and increased bone fragility, which was successfully
reversed upon denosumab treatment. These mice represent the
first genetic rodent models of osteoporosis involving over-
expression of huRANKL, which can be used to facilitate the
understanding of RANKL-induced pathologies such as osteopo-
rosis, while also permitting the preclinical evaluation of
denosumab and potentially other novel huRANKL inhibitors.

Materials and Methods

Mouse husbandry

Osteopetrotic Rankl™®"® mice, which bear a loss-of-function

Rankl mutation, were previously described.”® These and other
mice were maintained and bred under specific pathogen-free

conditions in the animal facility of BSRC “Alexander Fleming”. All
animal procedures were approved and carried out in strict
accordance with the guidelines of the Institutional Animal Care
and Use Committee and the Region of Attica Veterinarian Office.

Generation and genotyping of RANKL transgenic mice

For the generation of huRANKL transgenic mice, a Not | fragment
of 200kb containing the huRANKL gene was isolated from a
human genomic BAC clone (RP11-86N24, ImaGenes GmbH,
Berlin, Germany) with pulse field gel electrophoresis. The excised
band was subsequently run in 4% low melting agarose gel and
isolated with B-agarase (New England Biolabs, Hitchin, UK)
digestion. After dialysis in microinjection buffer, the transgene
was microinjected into the pronuclei of fertilized (C57BL/6J x
CBA/J)F2 oocytes, as described elsewhere?" To identify
transgenic founder mice by Southern blot, DNA was isolated
from tail biopsies, digested with BamHI, and hybridized with the
microinjected fragment. Founder transgenic mice were bred with
C57BL/6J mice to establish the various transgenic lines. TJRANKL
progeny were genotyped by PCR (5TCTTCAACTAATGGTGTACG;
5'TCTACAAGGTCAAGAGCATG).

Transgenic copy number

Copy number of the transgene was determined by quantitative
real-time PCR (qPCR) using tail DNA from the TghuRANKL mice
and wild-type (WT) littermates (n=28-9). qPCR was performed
using SsoFast EVA Green Supermix (Bio-Rad, Hercules, CA, USA) on
a Rotor-Gene 6000 RT-PCR machine (Corbett Life Science, Sydney,
Australia). A common pair of primers complementary to both
human and mouse RANKL gene sequences was used to amplify
both genes (5’ACCTGTACGCCAACATTTGC, 5'CTTGGGATTTTGA-
TGCTGGT). For each sample, the Ct value of RANKL was
normalized against the mouse HuR gene (5’AGGACACAGCTT-
GGGCTACG; 5'CGTTCAGTGTGCTGATTGCT) and the values of both
RANKL and HuR genes were extrapolated from their respective
standard curves.

Quantitative expression analysis

Total RNA was extracted from various tissues using a monophasic
solution of guanidine isothiocyanate and phenol according to
the manufacturer’s instructions (TRI Reagent, MRC, Cincinnati,
OH, USA). After removal of DNA remnants with DNase | treatment
(Sigma-Aldrich, St. Louis, MO, USA), first-strand cDNA was
synthesized using 2 pg of total RNA and M-MLV (Sigma-Aldrich),
whereas qPCR was performed at 55°C for 35 cycles. Specific
primer pairs were used for the quantitative expression analysis
of human RANKL (5'ACGCGTATTTACAGCCAGTG; 5'CCCGTAAT-
TGCTCCAATCTG), mouse RANKL (5'TGTACTTTCGAGCGCAGATG;
5'AGGCTTGTTTCATCCTCCTG), and mouse OPG (5'CTTGCCTTG-
ATGGAGAGCCT; 5TCGCTCGATTTGCAGGTCT). The same primer
pair used for RANKL copy number detection was also used for
detecting both mouse and human RANKL expression. The
samples were normalized to P2-microglobulin expression
(5TTCTGGTGCTTGTCTCACTGA; 5'CAGTATGTTCGGCTTCCCATTC).
Relative expression was calculated as the fold difference
compared with control values using Bio-Rad RelQuant. For each
experiment, two technical and three biological replicas were used.

Histopathological analysis

Femurs and tibias were fixed in 4% paraformaldehyde (PFA) for 6
hours, decalcified in 13% EDTA, and embedded in paraffin.
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Sections of 5-um thickness were stained with hematoxylin/eosin.
Osteoclasts were stained for TRAP activity using a leukocyte acid
phosphatase (TRAP) kit (Sigma-Aldrich). Nondecalcified bones
were embedded in methyl methacrylate, and stained for Von
Kossa to visualize mineralized bone. For assessment of bone
formation, mice were injected with 100 p.L calcein (5 mg/mL), 6
and 2 days before euthanization, and undecalcified bones were
embedded in methyl methacrylate according to standard
double-labeling protocols.?? Ectopic calcification in soft tissues
was detected after staining with 2% Alizarin Red S (Applichem,
Gatersleben, Germany).

Serum bone markers

Serum levels of mouse tartrate-resistant acid phosphatase form
5b (TRACP-5b), an osteoclast activity marker, was measured by
enzyme-linked immunosorbent assay (ELISA) according to
manufacturer’s instructions (Immunodiagnostic Systems, Bol-
don, UK). The levels of soluble human RANKL were quantified
using a human RANKL Single-Plex assay kit (Millipore/Linco, St.
Charles, MO, USA) with detection limit of the assay at 4.88 pg/mL.

Biochemical markers and blood analysis

Serum clinical chemistry tests (performed by Microanalysi SA,
Athens, Greece), including glucose, urea, total cholesterol,
creatinine, alanine aminotransferase (ALT), aspartate amino-
transferase (ALT), alkaline phosphatase (ALP), phosphorus,
calcium, and ionized calcium were measured using a multichan-
nel auto analyzer (Architect c8000, Abbott Diagnostics, Abbott
Park, IL, USA). Blood samples, obtained by heart puncture, were
collected in EDTA-coated tubes and blood analysis was
performed (by Microanalysi SA) using full automatic blood cell
counter Model PCE 210N (ERMA INC,, Tokyo, Japan).

Micro-CT

Bones (femur and tibia) were fixed in PBS plus 4% paraformal-
dehyde (PFA) overnight at 4°C and then washed and stored in
70% ethanol. Three-dimensional microarchitecture of the distal
femur from 4-week-old or 3-month-old WT and transgenic mice
was evaluated using a high-resolution SkyScan1076 microtomo-
graphic imaging system (SkyScan, Kontich, Belgium). Images
were acquired at 48 KeV, 200 mA with a 0.5-mm aluminum filter.
Three-dimensional reconstructions (8.8 mm cubic resolution)
were generated using NRecon software (SkyScan) as previously
described.?® For the trabecular bone regions, we assessed
the bone volume fraction (BV/TV, %), trabecular number
(To.N, mm™"), trabecular separation (Tb.S, mm), and the
connectivity density (Con. Dens, mm~3). Femoral cortical
geometry was assessed in micro-computed tomography (mi-
cro-CT UCT40, Scanco Medical AG, Basserdorf, Switzerland) using
50 continuous CT slides (600 m) located at the femoral midshaft
as previously described.®® For cortical bone, we measured the
bone volume fraction (BV/TV), cortical tissue volume (Ct.TV,
mm?), bone volume (Ct.BV, mm?), marrow volume (BMV, mm?3),
and the average cortical width (Ct.Th, mm).

Biomechanical test

The femur was placed in the material-testing machine on two
supports separated by the distance of 9.9 mm and load was
applied to the middle of the shaft, thus creating a three-point
bending test. The mechanical resistance to failure was tested
using a servo-controlled electromechanical system (Instron 1114,

Instron Corp., High Wycombe, UK) with actuator displaced at
2 mm/min. Both displacement and load were recorded. Ultimate
force (maximal load, measured in Newtons), stiffness (slope of
the linear part of the curve, representing the elastic deformation,
N/mm), and elastic and plastic energy (area under the curve, up
to and beyond the yield point, respectively; N/mm) were
calculated from the load-displacement curves.

Denosumab treatment

Denosumab at the dose of 10 mg/kg was administered sub-
cutaneously in the medium-copy Tg5519 mice (n = 14, 7 females
and 7 males) twice per week from the 4th week of age for a period
of 6 weeks. Saline was administered in control experimental
groups consisting of Tg5519 and WT littermates (n = 14, 7 females
and 7 males per group). Body weight was recorded weekly for
each mouse. At 10 weeks of age, all mice were euthanized and the
long bones were collected for blinded histopathological analysis.
In addition, blood was collected to assess serum TRACP-5b levels
(murine ELISA, Immunodiagnostic Systems).

Statistical analysis

All results are expressed as mean =+ standard error (SE). Student’s
t test was performed to compare means between two groups,
and one-way analysis of variance (ANOVA) was performed to
compare means of multiple groups. Values of p <0.05 were
considered significant; *p < 0.05, **p < 0.01, ***p < 0.001 when
not otherwise specified.

Results

Generation, identification, and expression analysis in
TghuRANKL mice

To achieve a correct spatial pattern of huRANKL expression in
mice, a 200-kb genomic fragment containing the whole human
RANKL gene isolated from a BAC clone was used for transgenesis
(Supplemental Fig. STA). No gene other than RANKL is encoded
within the microinjected fragment. Four transgenic founders,
Tg5516, Tg5519, Tg5520, and Tg5521, carrying the huRANKL
gene (TghuRANKL) were generated with pronuclear injections as
shown by Southern blot analysis after genomic digest with
BamHI and hybridization with the microinjected fragment
(Fig. 1A). The Tg5521 line was not further studied because the
founder was mosaic for the transgene and produced a limited
number of transgenic mice. The transgene copy number was
calculated in the remaining three transgenic lines using a
common primer pair amplifying both mouse and human
genomic sequences in gqPCR (Fig. 1B). The low copy Tg5516
line (1 extra copy), the medium copy Tg5519 line (10 extra
copies), and the high copy Tg5520 line (27 extra copies) were
further characterized. From these lines, Tg5516 and Tg5519
transmitted the transgene to offspring, whereas the Tg5520 male
founder did not produce any progeny. Therefore, more extensive
expression and phenotypic analysis was performed in transgenic
lines Tg5516 and Tg5519.

Comparative analysis of the levels of huRANKL expression in
various tissues including bone, brain, spleen, thymus, kidney,
lung, heart, and liver revealed that the medium copy Tg5519 line
expressed huRANKL at significantly higher levels relative to the
low copy Tg5516 line (Fig. 1C). More specifically, Tg5519 mice
overexpressed huRANKL in all tissues studied, with higher levels
in bone, brain, spleen, and kidney. Notably, in both TghuRANKL
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Fig. 1. Generation of huRANKL transgenic mice and comparative expression analysis. (A) Southern blot analysis on genomic DNA isolated from
TghuRANKL founder and WT control mice. BAC digest was used as a positive control, whereas known molecular weights are indicated in kilobases (kb).
(B) Copy number (cn) of the integrated transgenes and the endogenous mouse RANKL in WT, Tg5516, and Tg5519 mice (n = 8-9 per group) as well as in
the Tg5520 founder. Comparative analysis of the expression levels of huRANKL (C) as well as of both human and mouse RANKL (D) in various tissues from
Tg5516, Tg5519, and WT mice by qPCR (n=3 per group). The expression levels of RANKL in transgenic tissues were statistically compared with
endogenous RANKL levels in WT mice (D). Relative fold change of RANKL mRNA expression was normalized against 32-microglobulin mRNA. Mean =+ SE;

*p<0.05, **p < 0.01, ***p < 0.001.

lines the levels of huRANKL were dramatically increased in bone
tissue, isolated from femurs and tibias after removal of bone
marrow cells, in accordance with recent studies showing that
osteocytes, former osteoblasts trapped in the bone matrix, are
the major source of RANKL production.*® Importantly from a
pathophysiology perspective, the pattern of huRANKL expres-
sion in various tissues from both transgenic lines closely followed
the pattern of endogenous RANKL expression seen in WT mice
(Supplemental Fig. S1B). To enable comparison of the levels of

the huRANKL transgene in various tissues of TghuRANKL mice
with those of the endogenous mouse RANKL in WT mice, a
common primer pair recognizing both mouse and human RANKL
cDNA was used in gPCR. Such relative expression analysis
showed that the low copy Tg5516 line expressed RANKL at
significantly higher levels compared with WT mice but much
lower in comparison to the medium copy Tg5519 line (Fig. 1D),
confirming our previous results based on huRANKL expression
(Fig. 10).
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To investigate whether the increased levels of huRANKL
expression in transgenic mice influenced expression at the levels
of endogenous mouse RANKL, we performed a similar analysis in
tissues overexpressing huRANKL such as bone and spleen
(Supplemental Fig. S1C) using a primer pair that specifically
amplifies mouse RANKL cDNA. Our results showed that the levels
of mouse RANKL expression in such tissues were comparable
between TghuRANKL and WT control mice, indicating that the
overexpression of huRANKL and the subsequent pathology had
no effect in enhancing or suppressing endogenous mouse
RANKL mRNA expression. Moreover, increased levels of endoge-
nous OPG expression were detected in bone tissues from Tg5519
mice compared with Tg5516 and WT control mice, probably as a
result of a negative feedback mechanism in response to
huRANKL overexpression (Supplemental Fig. S1D). The high
copy Tg5520 founder also overexpressed huRANKL at all tissues
studied (data not shown). At the protein level, the serum levels of
soluble huRANKL protein were dramatically increased in the
Tg5519 line (1065 pg/mL + 151, n=11) and the Tg5520 founder
(1003 pg/mL) compared with Tg5516 mice (6.27 pg/mL + 0.84,
n=7) and WT control mice (undetectable, n=11).

Low huRANKL-expressing Tg5516 mice develop
trabecular bone loss

The low copy number Tg5516 mice were indistinguishable in
appearance and average weight from WT littermates. Similarly,
no hematological or biochemical abnormalities were observed in
Tg5516 mice (Supplemental Tables S1 and S2). Histopathological
and quantitative micro-CT analysis of the metaphyseal region of
distal femurs in Tg5516 mice showed trabecular bone loss that
was subtle at 4 weeks of age (Supplemental Fig. S24, B) and
pronounced at 2 (Supplemental Fig. S2A) and 3 months of age
(Supplemental Fig. S2A, Fig. 2A) in both males and females.
Trabecular bone volume fraction (BV/TV) was reduced nearly
2.5-fold, and trabecular number (Tb.N) was reduced more than
50% in 3-month-old Tg5516 mice compared with WT controls
(Fig. 2A). Furthermore, Tg5516 mice had significantly wider
trabecular separation (245%) than WT mice, whereas the
connectivity density was decreased by sixfold. In contrast, the
mid-diaphysis cortical bone volume (Ct.BV) and thickness (Ct.Th)
were similar in Tg5516 mice and WT controls as assessed by
micro-CT analysis (Fig. 2B, C). Notably, mid-diaphysis femurs
from 3-month-old Tg5516 mice had reduced biomechanical
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Fig. 2. Low-expressing Tg5516 mice developed trabecular bone loss and increased bone fragility. (A) Quantitative analysis of the trabecular bone in the
metaphyseal region of the distal femurs in 3-month-old (n = 5-6 per sex) Tg5516 and WT female and male littermates with micro-CT. BV/TV (bone volume/
total volume, %), Tb.N (trabecular number per mm), Th.S (trabecular separation, mm), Con.Dens. (connectivity density, mm~3). (B) Quantitative analysis of
midshaft cortical bone in femurs from 3-month-old Tg5516 and WT control females and males with micro-CT (n=5 per sex). Ct.BV (cortical bone
volume, mm?3), Ct.Th (cortical thickness, mm). (C) Representative micro-CT 3D cortical reconstructions of mid-diaphysis cortical bone in femurs from
Tg5516 and WT mice. (D) Changes in the biomechanical parameters of the femurs from 3-month-old Tg5516 and WT control mice (n =5 per sex). Ultimate
force (N); stiffness (N/mm); plastic energy (N-mm). Mean + SE; *p < 0.05, **p <0.01, ***p <0.001.
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properties such as ultimate force (-22%), stiffness (-34%), and
plastic energy (-23%) as assessed by three-point bending tests
(Fig. 2D). Biochemical markers of bone turnover such as TRACP-
5b were normal as well as serum alkaline phosphatase levels
(Supplemental Table S2). These results demonstrate that the low
huRANKL-expressing Tg5516 mice develop a mild osteoporotic
phenotype characterized by trabecular bone loss and decreased
bone strength in both males and females by the third month
of age.

Tg5519 mice overexpressing huRANKL develop severe
osteoporosis

Overexpression of huRANKL in Tg5519 mice led to severe bone
loss that was already established from the first month of age in
both males and females. Histologically, the metaphyseal regions
of the distal femur and the proximal tibia were profoundly
osteoporotic in the Tg5519 mice, exhibiting an almost complete
absence of trabeculae by 3 months of age (Fig. 3A), which
precluded quantitative bone measurements through micro-CT
analysis. Cartilage abnormalities were also observed through
the accumulation of cartilaginous remnants (shown as asterisks)
mainly in the epiphysis of 4-week-old (Fig. 3A) and the
metaphysis of 3-month-old Tg5519 mice (Fig. 3B), which
gradually disappeared. No obvious disorganization of the growth
plate of 1- or 2-month-old Tg5519 mice was observed and the
thickness of the various zones appeared similar to WT littermates.
However, cellular density in the resting/proliferation zones
appeared increased along with proliferation of the cartilaginous
remnants in the epiphysis subjacent to the growth plate.
Interestingly, Tg5519 mice displayed a progressive growth plate
loss, already evident at 3 months of age, which almost
disappeared by the age of 10 months (Fig. 3A). Growth
retardation was not noticed in Tg5519 mice, even though the
femoral length was modestly decreased in 3-month-old Tg5519
mice compared with WT controls (Supplemental Fig. S3). Staining
of femurs with tartrate-resistant acid phosphatase (TRAP), an
enzyme that is highly expressed in osteoclasts, revealed
increased number of giant osteoclasts in 3-month-old Tg5519
mice both at epiphysis (Fig. 3B) as well as the mid-diaphysis
cortical region (Fig. 3C).

The skeletal phenotype of the Tg5519 line was also
pronounced in cortical bone. Histopathological analysis of
cortical bone at the mid-diaphysis showed that Tg5519 mice
had severe intracortical porosity when compared with WT
littermates at 3 months of age (Fig. 3C). Von Kossa staining of
undecalcified femur sections confirmed the presence of intra-
cortical pores (Fig. 3D). Moreover, abundant fluorochrome
incorporation, an index of intracortical (endosteal) bone
formation, was identified in cortical bone of Tg5519 femoral
diaphysis using the calcein double-labeling technique (Fig. 3E),
suggesting the presence of woven bone. In addition, abundant
osteoclasts were present within the cortical bone area of Tg5519
mice as opposed to WT cortical bones (Fig. 3(), indicating
increased cortical bone remodeling. To confirm the presence of
increased bone turnover in Tg5519 mice, we further evaluated
the levels of serum biomarkers. The levels of serum alkaline
phosphatase (ALP), a marker of bone formation activity, was
2.5-fold increased in 4-week-old Tg5519 mice and nearly 10-fold
in 3-month-old Tg5519 mice in comparison to WT control mice
(Supplemental Fig. S4A), reflecting disease severity. As expected,
the serum levels of TRACP-5b were also dramatically increased in
3-month-old Tg5519 mice compared with WT control mice

(31.34 + 1.2 versus 8.74 + 0.6), indicating active bone resorption
(Supplemental Fig. S4B).

Cortical bone loss and cortical porosity increased progressively
throughout life (Supplemental Fig. S5A). Micro-CT analysis of
cortical bone at the mid-diaphysis confirmed the presence of
intracortical porosity in 3-month-old Tg5519 mice (Fig. 4A).
Tg5519 mice (n = 11) exhibited a significant decrease in cortical
bone volume (Ct.BV, -26%), cortical bone volume fraction (BV/TV,
-38%), and cortical thickness (-48%) compared with WT control
mice (Fig. 4B). Interestingly, femurs of Tg5519 mice (Fig. 4A, B)
display a significant increase in the bone marrow volume (BMV,
+67%) and the cortical total volume (Ct.TV, +-26%) relative to WT
littermates, indicating an increase in the bone width compared
with WT mice. As expected, mid-diaphysis femurs from 3-month-
old Tg5519 mice (n=10) displayed significant reduced bio-
mechanical properties such as ultimate force (-58%), stiffness
(-70%), and plastic energy (-45%) relative to WT littermates as
assessed by three-point bending tests (Fig. 4C).

To investigate the disease status at an earlier time point, we
assessed both the metaphyseal trabecular region of distal femurs
and the cortical bone parameters in 4-week-old Tg5519 mice
through micro-CT. Our results showed that by the 4th week of
age there was already substantial trabecular bone loss
(Supplemental Fig. S5B). Moreover, the extent of cortical porosity
was quantified in two different cortical regions, near growth
plate (Supplemental Fig. S5C) and at mid-diaphysis (Supplemen-
tal Fig. S5D), showing more increased cortical porosity near
growth plate. Because mid-diaphysis is already severely affected
at the age of 3 months (Fig. 4B), it appears that during disease
progression the cortical porosity was extended from metaphysis
toward diaphysis. Moreover, the cortical bone was mainly
characterized by open porosity (Supplemental Fig. S5C, D)
implying a direct interaction with the bone marrow cells that
probably contributed to the recruitment and maturation of
osteoclast precursors. Collectively, these results indicate that
huRANKL overexpression resulted in increased bone remodeling
and “trabecularization” of the cortical bone.

Apart from the severe bone phenotype, histological analysis
also revealed progressively increased adipocyte numbers in
bone marrow of Tg5519 mice apparent from the third month of
age (Fig. 3A, Supplemental Fig. S5A). Increased marrow adiposity
was inversely correlated with bone marrow cellularity in Tg5519
mice from the 6th month of age (data not shown). Despite the
severe bone phenotype, the Tg5519 mice appeared normal and
no clinical chemistry abnormalities (Supplemental Table S2)
other than elevated alkaline phosphatase levels were observed.
Similarly to Tg5516 mice, no hematological abnormalities
(Supplemental Table S1) were observed in Tg5519 mice. In
addition, no gross histopathological lesions were detected in
Tg5519 mice with the exception of few scattered peribronchial
inflammatory foci observed in the lungs of 3-month-old Tg5519
mice (Supplemental Fig. S6). Soft tissue calcification was not
observed in Tg5519 mice (data not shown).

Severe osteoporosis and soft tissue calcification in the
high copy Tg5520 founder

The high copy Tg5520 founder (Fig. 1B) overexpressing huRANKL
exhibited progressive kyphosis indicating severe osteoporosis
and never gave progenies probably because of the severe
skeletal phenotype. At 8 months of age, the Tg5520 founder was
euthanized and the tissues were assessed histologically.
Histological examination of the metaphyseal distal femurs
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Fig. 3. Tg5519 mice overexpressing huRANKL developed trabecular bone loss, growth plate loss, marrow adiposity, increased osteoclastogenesis,
intracortical porosity, and increased cortical bone remodeling. (A) Representative sections of metaphyseal distal femurs from 4-week-, 3-month-, 6-month-,
and 10-month-old Tg5519 mice and WT littermates, stained with hematoxylin/eosin (H/E) (n = 6). Scale bar = 500 .m. (B) Representative serial sections of
distal femurs from 3-month-old Tg5519 and WT controls stained with H/E and TRAP (n = 6). Scale bar = 500 p.m. (C) Cortical bone porosity with increased
osteoclastogenesis in 3-month-old Tg5519 mice. Representative serial sections of mid-diaphysis cortical bone stained with H/E and TRAP (n = 6). Scale
bar =100 pwm. (D) Von Kossa staining of cortical bone and (E) double calcein labeling in 3-month-old Tg5519 and WT mice. Asterisks indicate cartilage

remnants in Tg5519 mice (A, B). Scale bar =100 pum.

revealed absence of trabecular bone, growth plate loss, and bone
fractures (Fig. 5A). Tg5520 founder also developed intracortical
porosity, giant osteoclasts inside the cortical area (Fig. 5B), and
increased marrow adiposity (Fig. 54, B) similarly to Tg5519 mice.
Interestingly, ectopic calcification was observed in soft tissues

like kidney (Fig. 5C), heart (Fig. 5D), lung (Fig. 5E), and tongue
(Fig. 5F) of the Tg5520 founder compared with WT control
(Supplemental Fig. S7), as revealed by staining with hematoxylin/
eosin and Alizarin red, which specifically stains calcium
phosphate deposits.
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Fig. 4. Tg5519 mice developed cortical porosity and increased bone fragility. (A) Representative micro-CT 3D cortical reconstructions and (B) quantitative
analysis of mid-diaphysis cortical bone in femurs from 3-month-old Tg5519 and WT mice with micro-CT (n =6 for females and n=5 for males). Ct.BV
(cortical bone volume, mm?3), BV/TV (bone volume/total volume), Ct.Th (cortical thickness, mm), Ct.TV (cortical total volume/mm?), BMV (bone marrow
volume/mm?). (C) Altered biomechanical parameters of the femurs from 3-month-old Tg5519 and WT mice. Ultimate force (N); stiffness (N/mm); plastic
energy (N-mm) (n =6 for females and n =4 for males). Mean £ SE; *p < 0.05, **p <0.01, ***p < 0.001.

Transgenic rescue of RANKL-mediated osteopetrosis

Subsequently, we investigated whether the huRANKL transgene
was sufficient to rescue RANKL-mediated osteopetrosis. In the
past, we identified a recessive loss-of-function Rankl allele in
Ranklte'"s mice, causing severe osteopetrosis, failure of tooth
eruption, defective lymph node organogenesis, and premature
lethality similarly to Rankl-deficient mice.*® Introduction of a low
copy huRANKL transgene into the Rankl"*" genome through
crossings with the Tg5516 line fully restored survival (not shown),
body weight gain, and eruption of the lower incisors, although
eruption of upper incisors was partial (Supplemental Fig. S8A, B).
Moreover, the osteopetrotic phenotype was rescued as
shown by the presence of fully expanded bone marrow cavities
in the long bones of Tg5516/Rank/"™®"¢ mice (Supplemental
Fig. S8C). However, the partial rescue of the tooth eruption
(Supplemental Fig. S8B) as well as failure of lymph node
organogenesis (Supplemental Fig. S8D) noticed in Tg5516/
Rankl"®"s mice indicate that the low copy huRANKL transgene
did not completely rescue the phenotype caused by a loss-of-
function mouse Rankl allele. In contrast, a medium copy
huRANKL transgene in Tg5519/Rankl™" mice rescued the
clinical signs (Supplemental Fig. S8A) and the osteopetrotic
phenotype (Supplemental Fig. S8C) of the Rankl™% mice,
including restoration of tooth eruption (Supplemental Fig. S8B)
and mesenteric lymph nodes organogenesis (Supplemental
Fig. S8D). Collectively, these results indicate that the levels and
pattern of huRANKL expression in transgenic lines are adequate
for the restoration of the osteopetrotic phenotype. Moreover, our

data show that the huRANKL transgene is fully active in mice,
implying full activation of the mouse RANK receptor.

Denosumab treatment inhibits bone resorption in
Tg5519 mice

We further investigated whether the severe osteoporotic
phenotype developed in Tg5519 mice could be suppressed
and restored by denosumab, a human monoclonal antibody
against human RANKL. Denosumab, at 10 mg/kg, was adminis-
tered subcutaneously in Tg5519 mice (n=14) for a period of
6 weeks starting from the 4th week of age where bone
resorption was already established both at the trabecular and the
cortical areas. Saline-treated WT and Tg5519 littermates were
included to assess physiological bone structure and disease
progression during the treatment period, respectively. Histologi-
cal analysis of distal femurs from saline-treated Tg5519 mice
showed remarkable trabecular bone loss at 10 weeks of age,
whereas treatment with denosumab resulted in preservation of
trabecular bone in the metaphyses of Tg5519 mice (Fig. 6A).
Moreover, the cortical porosity and the increased intracortical
osteoclastogenesis developed in Tg5519 littermates were
completely suppressed upon denosumab treatment (Fig. 6B).
Denosumab treatment also fully reversed the increased serum
levels of TRACP-5b in Tg5519 mice back to the levels of WT
littermates (Fig. 6C). Overall, these results demonstrate that the
specific inhibition of human RANKL by denosumab treatment
substantially reversed the severe osteoporotic phenotype of
Tg5519 mice.
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Fig. 5. High copy number Tg5520 founder developed trabecular and growth plate loss, cortical porosity, and soft tissue calcification. (A) Serial sections of
metaphyseal distal femurs and (B) mid-diaphysis cortical bone from 8-month-old Tg5520 founder and WT control, stained with hematoxylin/eosin (H/E)
and TRAP showed loss of trabecular bone and growth plate, fractures, cortical porosity, and giant osteoclasts. (C) Serial sections of kidney, (D) heart,
(E) lung, and (F) tongue from the Tg5520 founder stained with hematoxylin/eosin (H/E) and alizarin red showed ectopic calcification. Scale bars:

A, F=500 um; 8=50 pm;C, D= 100 pm.

Discussion

In the current study, we report the generation and characteriza-
tion of novel osteoporosis models by overexpression of huRANKL
in transgenic mice carrying the human RANKL genomic locus.
The gene structure of RANKL is highly conserved in mammals,
consisting of 5 exons that span 33.9 kb in humans and 30.5 kb in
mice, whereas RANKL homologues have been identified so far
only in organisms that contain osteoclasts, ie, vertebrates. In
mammals, the transcription of RANKL is controlled by multiple
transcriptional enhancers, some of which reside in long distance,
more than 70 kb, upstream from the transcription start site.””) To
achieve a physiologically relevant expression pattern of RANKL
overexpression, a 200-kb genomic region, isolated from a BAC
library, spanning the coding region as well as the regulatory sites
of the huRANKL gene was used for microinjections into the

pronucleus of fertilized eggs. Large genomic transgenes derived
from BAC clones are more likely to provide physiologically
relevant expression patterns and copy dependent expression
levels, regardless of position effects.®® These effects were also
verified in the TghuRANKL lines as the levels of huRANKL
expression in various tissues were analogous to the transgene
copy number and followed the expression pattern of endoge-
nous mouse RANKL gene. Mice from the low copy Tg5516 line
expressed huRANKL in higher levels compared with WT
littermates but much lower levels relative to the medium copy
Tg5519 line. Previous studies have shown that RANKL is widely
expressed in a variety of cell types both in skeletal and
extraskeletal tissues.® Our studies showed that mice from
both TghuRANKL lines, Tg5516 and Tg5519, overexpressed
huRANKL in all tissues shown to express endogenous RANKL in
the WT controls. Notably, huRANKL was more highly expressed
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Fig. 6. Therapeutic effects of denosumab in Tg5519 mice. Representative serial sections of metaphyseal distal femur (A) and mid-diaphysis cortical bone
(B) stained with hematoxylin/eosin (H/E) and TRAP from Tg5519 mice treated either with saline or denosumab and WT littermates treated with saline
(n =14 mice per group). Scale bars: A= 500 p.m; B= 100 pm. (C) Serum TRACP-5b levels in Tg5519 mice treated with denosumab compared with those in
saline-treated WT and Tg5519 littermates (n = 14 per group). Mean + SE; ***p < 0.001.

in the bone tissue, in accordance with recent genetic studies in
mice revealing that osteocytes are the major source of RANKL
production,'®® stimulating osteoclast formation and remodeling.
Further studies assessing the effect of huRANKL overexpression
in extraskeletal tissues such as the brain and the immune system
in Tg5519 mice could reveal novel pathological implications.
TghuRANKL mice overexpressing human RANKL exhibited an
early-onset osteoporotic phenotype in both sexes. Tg5516 mice
expressing human RANKL at low levels displayed significant
trabecular bone loss already established at the second month of
age and reduced biomechanical properties compared with
WT controls. In contrast, the cortical bone parameters as well as
the serum bone remodeling markers measured were similar

between Tg5516 mice and WT mice, indicating the development
of a mild osteoporotic phenotype. On the other hand, greater
overexpression of human RANKL in the Tg5519 line resulted in
severe osteoporosis characterized by lack of trabecular bones,
destruction of the growth plate, and severe cortical bone
porosity in the femur accompanied by decreased bone strength
compared with WT littermates. Chondrocytes are presumably
overexpressing RANKL, and either this source, or other sources, is
promoting chondroclasis and growth plate loss that ultimately
diminishes longitudinal bone growth. Osteoclast formation at
the intracortical surfaces as well as serum markers of bone
turnover such as TRACP-5b were progressively increased in
Tg5519 mice, indicating active bone resorption. Tg5519 mice
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also displayed active bone formation and significantly increased
serum alkaline phosphatase levels, which is consistent with
increased remodeling activation that leads to osteoblast-
mediated refilling of a great number or volume of resorption
spaces. Cortical porosity, the result of intracortical bone
resorption, was particularly pronounced in the Tg5519 line. In
humans, cortical porosity increases during aging and osteopo-
rosis progression®” and is associated with decreased bone
strength and may contribute to the increased fracture risk in such
patients. Thus, the Tg5519 mice represent a unique animal
model for the investigation of the pathogenetic mechanisms in
cortical porosity as well as the evaluation of novel therapies
through parallel analyses of both trabecular and cortical bone
sites.

In addition, Tg5519 mice developed a progressive increase in
bone marrow adipocytes. In humans, accelerated marrow
adiposity has been associated with aging and osteoporosis.?®
Previous studies have shown an inverse association between
bone marrow adiposity and bone mineral density,?? since
osteoblasts and adipocytes are thought to differentiate from the
same mesenchymal stem cells. Adipocyte infiltration into the
bone marrow occurs during aging and estrogen deficiency as a
result of increased adipogenesis within the bone marrow at the
expense of osteoblastogenesis.®>*" However, the causal role of
increased bone marrow fat in regulating bone density remains
ambiguous. The progressive marrow adiposity observed in
3-month-old Tg5519 mice accompanied the increased bone
remodeling established already from the 4th week of age. Thus,
our study indicates that the increase in marrow adiposity does
not precede bone resorption but rather emerges after disease
occurrence. The hematopoietic-to-adipogenic transition is
certainly another interesting phenotype of the Tg5519 mice,
which could be used to gain mechanistic insights into the role of
RANKL in this phenomenon.

Tg5519 mice displayed phenotypic similarities with the OPG-
deficient mice including early onset of trabecular bone loss,
progressive growth plate destruction, cortical porosity, and
increased bone remodeling."? In both cases, elevated serum
alkaline phosphatase levels and greater quantity of fluorescent
label in the cortical bone probably reflect the coupling of bone
formation to bone resorption within the basic multicellular
remodeling unit. However, compared with the high-expressing
Tg5519 mice, OPG-deficient mice exhibited an even more severe
skeletal phenotype. OPG-deficient mice also displayed medial
calcification of the aorta and renal arteries'? that was not
apparent in Tg5519 mice. The effect of RANKL in vascular
calcification remains somewhat ambiguous because of the
opposing results derived from different studies,®**> but RANKL
inhibitors including denosumab have been shown to inhibit
vascular calcification in several animal models.®* The high copy
Tg5520 founder did exhibit extensive calcification in soft tissues
like kidney, lung, heart, and tongue, which might be the first
evidence that systemic RANKL overexpression can cause soft
tissue calcification.

Previous studies attempting to restore RANKL-mediated
osteopetrosis through administration of soluble mouse
RANKL® or transgenic expression of mouse RANKL in T and B
lymphocytes resulted in partial rescuing.®® Similarly, our results
showed partial restoration of the RANKL-mediated osteopetrotic
phenotype in the presence of a low copy huRANKL transgene but
complete rescue of the skeletal and lymph node organogenesis
phenotype upon huRANKL overexpression in Tg5519/Rankite/tes
mice. These results indicate that the levels and pattern of

huRANKL expression in transgenic lines are adequate for the
restoration of the osteopetrotic phenotype, and could be further
exploited for the development of novel therapeutic approaches
that target cell-based local delivery of RANKL in ARO.

Previous preclinical studies assessing the efficacy and safety of
denosumab in animal models have been restricted so far to
cynomolgus monkeys"'7>” as well as to knock-in mice express-
ing a chimeric murine/human RANKL."® A significant limitation
of those chimeric knock-in mice is that their remodeling rate is
lower and their bone mass higher than WT controls, which limits
their utility for osteoporosis research. In contrast, the TghuRANKL
mice exhibit early-onset osteoporosis secondary to greatly
increased remodeling rate. Our results confirmed that inhibition
of huRANKL by denosumab in Tg5519-treated mice not only
prevented bone loss progression but also fully restored the
“osteoporotic” trabecular and cortical bone structure. Further
validating the TghuRANKL model, denosumab decreased serum
TRACP-5b to the level of WT controls, indicating normal activity
of their endogenous RANKL.

Collectively, our TghuRANKL mice constitute the first trans-
genic models of early-onset osteoporosis attributable to human
RANKL overexpression and thus offer a unique system for
understanding the pathogenesis of high-turnover bone diseases
and for the preclinical evaluation of novel huRANKL inhibitors. In
addition, further studies on TghuRANKL mice might reveal novel
extraskeletal pathologies associated with RANKL overexpression.
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