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COMPOUNDSCOMPOSITIONSANDMETHODSOFUSETOTREATBONE 
FRACTURES 

PRIORITY 

100011Thispatentapplicationisrelatedtoandclaimstheprioritybenefitof(a)U.S.Provisional 
PatentApplicationNo.63/105,669,filedOctober26,2020and(b)U.S.ProvisionalPatent 

ApplicationNo.63/193,748,filedMay27,2021. Thecontentsoftheaforementionedpriority 

applicationsareherebyincorporatedbyreferenceintheirentireties.  

STATEMENTOFGOVERNMENTSUPPORT 

100021ThisinventionwasmadewithgovernmentsupportunderDE028713awardedbythe 
NationalInstitutesofHealth.Thegovernmenthascertainrightsintheinvention.  

TECHNICALFIELD 

100031Thepresentdisclosurerelatestoosteotropicligandsboneanabolicagentsconjugates 

comprisingbothcompositionscomprisingthesameandmethodsofusetotreatbonefractures.  

BRIEFDESCRIPTIONOFTHESEQUENCELISTING 

100041ThesequencesdescribedhereinaresetforthintheFiguresandalsoprovidedincomputer

readableformsubmittedherewithandincorporatedhereinbyreference.Theinformationrecorded 

incomputerreadableformisidenticaltothewrittenSequenceListingprovidedhereinpursuant 

BACKGROUND 

100051Morethan18.3millionbonefracturesoccureachyearintheUnitedStates.Whilesome 

fracturesmayleadtocompromisedphysicalactivitylossofproductivityanddecreasedquality 

oflifenonunionfracturescanamplifythesemorbiditiesbygreatlyprolongingthetimeto 

recovery.Craniofacialfracturescanbeespeciallydebilitatingduetoconcomitantdifficultieswith 

eatingandspeaking.Delayedhipfracturehealingintheelderlycaninmanycasesresultin 

prematuremortality.Takentogetherthetotalfinancialimpactofbrokenbonesonreparative 

costsconvalescentexpensesandphysicaltherapiesisestimatedat$45. Sbillionandthese 

expensesareanticipatedtoincreaseasourpopulationcontinuestoage.  

100061Providedinsomeembodimentshereinarecompositionsandmethodsfortreatingor 
improvinghealingofbonefractures(e.g., throughthecombineduseofosteotropicligandsand 
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boneanaboheagents(e.g., conjugates)).Thisandotherobjectsandadvantagesaswellas 

inventivefeatureswillbeapparentfromthedescriptionprovidedherein.  

SUMMARY 

100071Insomeembodimentsprovidedhereinisamethodfortreatingabone-healingevent(e.g., 

bonefracture)ofanindividual(e.g., inneedthereof)comprisingadministering(e.g., a 

therapeuticallyeffectiveamountof)acompoundorpharmaceuticallyacceptablesaltthereof 

providedhereinsuchasforexampleacompoundorpharmaceuticallyacceptablesaltthereof 

thatcomprisesabonetargetingagent(e.g., anosteotropicligand)and/orananabolicagent(e.g., 

aboneanabolicagent).  

100081 InsomeembodimentsprovidedhereinisacompoundhavingastructureofFormula 

(I): 

x-Y-z.  

100091InsomeembodimentsthecompoundhavingthestructureofFormula(I)isa 

pharmaceuticallyacceptablesaltthereofInsomeembodimentsXisaboneanabolicagent.In 

someembodimentsXisaboneanabolicagentselectedfromthegroupconsistingofaparathyroid 

hormone(PW)(e.g., oraderivativeorfragmentthereof(e.g., havingboneanabolicactivity)),a 

PTH-relatedprotein(PTHrP)(e.g., oraderivativeorfragmentthereof(e.g., havingboneanabolic 

activity)),andabaloparatide(e.g., oraderivativeorfragmentthereof(e.g., havingboneanabolic 

activity)).InsomeembodimentsYisabsentoralinker(e.g., areleasablelinkeroranon

releasablelinker).InsomeembodimentsYisareleasablelinkeroranon-releasablelinker.In 

comprisingatleast4aminoacidresidues(e.g., 4to20aminoacidresidues))).  

100101InsomeembodimentsXisaboneanabolicagentselectedfromthegroupconsistingofa 

PTH(e.g., oraderivativeorfragmentthereof(e.g., havingboneanabolicactivity)),aPT¶E-IrP(e.g., 

oraderivativeorfragmentthereof(e.g., havingboneanabolicactivity)),andabaloparatide(e.g., 

oraderivativeorfragmentthereof(e.g., havingboneanabolicactivity)).  

100111InsomeembodimentstheboneanabolicagentisaPTHoraPTHrPoraderivativeor 

fragmentthereof(e.g., (SEQIDNO:1and/orhavingboneanabolicactivity)).Insome 

embodimentstheboneanabolicagentisaparathyroidhormone(PW)(e.g., oraderivativeor 

fragmentthereof).InsomeembodimentstheboneanabolicagentisaPTHrPoraderivativeor 

fragmentthereofl.InsomeembodimentstheboneanabolicagentisamodifiedPTHora 

derivativeorfragmentthereof).ForexamplethemodifiedPTHorderivativeorfragmentthereof 

issyntheticallymodified.InsomeembodimentstheboneanabolicagentisamodifiedPTHrPor 
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aderivativeorfragmentthereofsuchasforexamplecomprisingSEQIDNO:1. Incertain 

embodimentsthemodifiedPTHrPoraderivativeorfragmentthereofissyntheticallymodified.  

Insomeembodimentstheboneanabolicagentisabaloparatide(e.g., oraderivativeorfragment 

thereof(e.g., havingboneanabolicactivity)).Insomeembodimentstheboneanabolicagentis 

abaloparatide(SEQIDNO:2).Insomeembodimentstheboneanabolicagentisa(e.g., 

synthetically)modifiedabaloparatide.  

100121InsomeembodimentsXisaPTHoraderivativeorfragmentthereof(e.g., havingbone 

anabolicactivity).  

100131InsomeembodimentsXisaPTHrPoraderivativeorfragmentthereof(e.g., havingbone 

anabolicactivity).  

100141InsomeembodimentsXisabaloparatideoraderivativeorfragmentthereof(e.g., having 

boneanabolicactivity).  

100151InsomeembodimentsXisdasatinib.  

100161InsomeembodimentsXisproinsulin-likegrowthfactorII(pro-IOF-Il).  

100171InsomeembodimentsXisacyclicpeptide(e.g., optionallysubstituted101oroptionally 

substituted102).InsomeembodimentsXisoptionallysubstituted101.InsomeembodimentsX 

isoptionallysubstituted102.InsomeembodimentsXis101.InsomeembodimentsXis102.  

100181InsomeembodimentsXmodulatesintegrinalpha5beta1activity.Insomeembodiments, 
xisaligandofintegrinalpha5beta1. Insomeembodiments,101and102modulateintegrin 

alpha5beta1activity.  

100191InsomeembodimentsZisatetracyclineaphosphonate(e.g., monobisphosphonate, 

tetracycline.InsomeembodimentsZisamonobisphosphonateatribisphosphonateora 

polybisphosphonate.InsomeembodimentsZisamonobisphosphonate.Insomeembodiments, 

zisatribisphosphonate.InsomeembodimentsZisapolybisphosphonate.  

100201InsomeembodimentsZisalinearchainofaminoacidresidues.Insomeembodiments, 
zisabranchedchainofaminoacidresidues.InsomeembodimentsZisanAOP(e.g., comprising 

atleast4glutamicacidaminoacidresiduesor4asparticacidaminoacidresidues).  

100211InsomeembodimentsZcomprisesatleast4aminoacidresidues(e.g., 4ormore,10or 
more,20ormore,30ormore,50ormore,75ormoreor100ormore).InsomeembodimentsZ 

comprises4to75acidicaminoacidresidues(e.g., D-glutamicacidaminoacidresidues).Insome 

embodimentsZcomprisesatmost100aminoacidresidues(e.g.,100orless,75orless,50or 

less,30orless,20orless,10orlessor4orless).InsomeembodimentsZcomprisesnotless 

than4andnotmorethan35aminoacids.InsomeembodimentsZcomprisesnotlessthan4and 
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notmorethan20aminoacids.InsomeembodimentsZcomprisesnotlessthan6andnotmore 

than30aminoacids.InsomeembodimentsZcomprisesnotlessthan8andnotmorethan30 

aminoacids.InsomeembodimentsZcomprisesnotlessthan8andnotmorethan20aminoacids.  

InsomeembodimentsZcomprisesglutamicacidaminoacidresidues.InsomeembodimentsZ 

compnsesD-glutamicacidaminoacidresidues.  

100221InsomeembodimentsZcompnses4to75D-glutamicacidaminoacidresidues.Insome 

embodimentsZcomprises8to30D-glutamicacidaminoacidresidues.Insomeembodiments, 

zcomprisesSto20D-glutamicacidaminoacidresidues.  
100231InsomeembodimentstheAOPthecomprisesfromabout4toabout20aminoacid 

residues(suchas4toabout20orabout4to20)ormoreaminoacidresiduessuchas4,5,6,7, 

8,9,10,11,12,13,14,15,16,17,18,19or20.InvariousembodimentstheAOPcomprises 

about20aminoacidresiduessuchas20aminoacidresidues.  

100241InsomeembodimentsZcompnsesatleast4(e.g., D-)glutamicacidaminoacidresidues 

(e.g., 4to20D-glutamicacidaminoacidresidues)and/oratleast4(e.g., D-)asparticacidamino 

acidresidues(e.g., 4to20D-asparticacidaminoacidresidues).  

100251Insomeembodimentstheaminoacidisasparticacid(representedbytheletterD), 

glutamicacid(representedbytheletterB),oramixturethereofTheaminoacidresiduescanhave 

DchiralityLchiralityoramixturethereofInsomeembodimentstheaminoacidresiduehasD 

chirality.InsomeembodimentstheaminoacidresiduehasLchirality.InsomeembodimentsZ 

compnsesatleast4(e.g., acidic)aminoacidresidues(e.g., havingthesamechirality(e.g., D-or 

L-aminoacidresidues)).Insomeembodimentseachoftheatleast4(e.g., acidic)aminoacid 

acid.InsomeembodimentstheglutamicacidisD-glutamicacidorL-glutamicacid.Insome 

embodimentsZcomprisesnotlessthan4andnotmorethan20D-glutamicacidresiduesorL

glutamicacidresidues.InsomeembodimentsZcomprisesnotlessthan4andnotmorethan20 

D-asparticacidresiduesorL-asparticacidresidues.  

100261InsomeembodimentsZcomprisesatleast4(e.g., D-)glutamicacidaminoacidresidues 

(e.g., 4to20D-glutamicacidaminoacidresidues)and/oratleast4(e.g., D-)asparticacidamino 

acidresidues(e.g., 4to20D-asparticacidaminoacidresidues).  

100271InsomeembodimentsZcomprisesamixtureof(e.g., D-)glutamicacidaminoacid 

residuesand(e.g., D-)asparticacidaminoacidresidues.  

100281InsomeembodimentsZcomprisesatleast4repeatingD-glutamicacidaminoacid 

residues(e.g., 4repeatingD-glutamicacidaminoacidresidues(DE4)ormore,6repeatingD

glutamicacidaminoacidresidues(DB6)ormoreSrepeatingD-glutamicacidaminoacidresidues 
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(DES)ormore,10repeatingD-glutamicacidaminoacidresidues(DEl0)ormore,15repeating 

D-glutamicacidaminoacidresidues(DEl5)ormore,20repeatingD-glutamicacidaminoacid 

residues(DE2O)ormore,25repeatingD-glutamicacidaminoacidresidues(DB25)ormore,30 

repeatingD-glutamicacidaminoacidresidues(DB3O)ormoreor35repeatingD-glutamicacid 

aminoacidresidues(DB35)ormore).InsomeembodimentsZcomprisesatleastDElOormore, 

DE15ormoreorDE2Oormore).InsomeembodimentsZisDElOorDE2O.  

100291InatleastsomeembodimentsZcomprisesatleastDE15oratleastDB2O.  

100301InsomeembodimentsXisabaloparatideoradenvativeorfragmentthereof(e.g., having 

boneanabolicactivity)andZisDE2O.  

100311InsomeembodimentsYisanon-releasablelinker.InsomeembodimentsYisanon

releasablelinkercontainingatleastonecarbon-carbonbond.InsomeembodimentsYisanon

releasablelinkercontainingatleastoneamidebond.InsomeembodimentsYisanon-releasable 

linkercontainingatleastonecarbon-carbonbondandatleastoneamidebond.  

100321InsomeembodimentsYisanon-releasablelinkerandcomprisesoneormoreamide 

bond(s).InsomeembodimentsYisanon-releasablelinkerandcomprises1-20amidebond(s).  

InsomeembodimentsYisanon-releasablelinkerandcomprises1- 10amidebond(s).Insome 

embodimentsYisanon-releasablelinkerandcomprises10-20amidebond(s).Insome 

embodimentsYisanon-releasablelinkerandcomprises1-5amidebond(s).  

100331InsomeembodimentsYisanon-releasablelinkerandcomprisesoneormoreaminoacid 

linkergroup(s).InsomeembodimentsYisapolypeptide.Insomeembodimentsthepolypeptide 

compnses1-20aminoacidresidue(s).Insomeembodimentsthepolypeptidecompnses1-10 

residue(s).Insomeembodimentsthepolypeptidecomprises1-5aminoacidresidue(s).  

100341InsomeembodimentsYisanon-releasablelinkerandcomprisesoneormoreether 

bond(s)(C-O).InsomeembodimentsYisanon-releasablelinkerandcomprises1-20ether 

bond(s)(C-O).InsomeembodimentsYisanon-releasablelinkerandcomprises1-10ether 

bond(s)(C-O).InsomeembodimentsYisanon-releasablelinkerandcomprises10-20ether 

bond(s)(C-O).InsomeembodimentsYisanon-releasablelinkerandcomprises1-5etherbond(s) 

(C-O).  

100351InsomeembodimentsYisanon-releasablelinkerandcomprisesoneormore 

polyethyleneglycol(PEG)linkergroup(s).InsomeembodimentsYisaPEG.  

100361InsomeembodimentsYisanon-releasablelinkerandcomprisesoneormorethioether 

bond(s)(C-S).InsomeembodimentsYisanon-releasablelinkerandcomprises1-20thioether 

bond(s)(C-S).InsomeembodimentsYisanon-releasablelinkerandcomprises1-10thioether 
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bond(s)(C-S).InsomeembodimentsYisanon-releasablelinkerandcomprises10-20thioether 

bond(s)(C-S).InsomeembodimentsYisanon-releasablelinkerandcomprises1-5thioether 

bond(s)(C-S).  

100371InsomeembodimentsYisareleasablelinker.InsomeembodimentsYisareleasable 

linkercontainingatleastonedisulfide(S-S).InsomeembodimentsYisareleasablelinker 

containingatleastoneester(e.g., 0(C0)).InsomeembodimentsYisareleasablelinker 

containingatleastone(e.g., protease-specific)amidebond.  

100381InsomeembodimentsYisareleasablelinkerandcompnsesoneormoreamidebond(s).  

InsomeembodimentsYisareleasablelinkerandcomprises1-20amidebond(s).Insome 

embodimentsYisareleasablelinkerandcomprises1-10amidebond(s).Insomeembodiments, 

Yisareleasablelinkerandcomprises10-20amPlebond(s).InsomeembodimentsYisa 

releasablelinkerandcomprises1-5amidebond(s).  

100391InsomeembodimentsYisareleasablelinkerandcomprisesoneormoreaminoacid 

linkergroup(s).InsomeembodimentsYisapolypeptide.Insomeembodimentsthepolypeptide 
4 

compnses1-20aminoacidresidue(s).Insomeembodimentsthepolypeptidecompnses1-10 
aminoacidresidue(s).Insomeembodimentsthepolypeptidecomprises10-20aminoacid 

residue(s).Insomeembodimentsthepolypeptidecomprises1-5aminoacidresidue(s).  

100401InsomeembodimentsYisareleasablelinkerandcomprisesoneormoreetherbond(s) 

(C-O).InsomeembodimentsYisareleasablelinkerandcomprises1-20etherbond(s)(C-O).In 

someembodimentsYisareleasablelinkerandcomprises1-10etherbond(s)(C-O).Insome 

embodimentsYisareleasablelinkerandcomprises10-20etherbond(s)(C-O).Insome 

100411InsomeembodimentsYisareleasablelinkerandcompnsesoneormorePEGlinker 

groupss.  

100421InsomeembodimentsXisabaloparatide(e.g., oraderivativeorfragmentthereof(e.g., 

havingboneanabolicactivity)),Yisareleasableoligopeptidelinkercomprisingatleastone 

protease-specificamidebondandZis20repeatingDE2O.  

100431InsomeembodimentsXisabaloparatide(e.g., oraderivativeorfragmentthereof(e.g., 

havingboneanabolicactivity)),Yisanon-releasableoligopeptidelinkerandZisDEl0.Insome 

embodimentsthecompoundisSEQIDNO:3.InsomeembodimentsthecompoundisSEQID 

NO:14.  

100441InsomeembodimentsXisabaloparatideoraderivativeorfragmentthereof(e.g., having 

boneanabolicactivity),Yisanon-releasableoligopeptidelinkerandZisDE2O.Insome 

embodimentsthecompoundisSEQIDNO:4.  
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100451InsomeembodimentsXisabaloparatideoradenvativeorfragmentthereof(e.g., having 

boneanabolicactivity),Yisanon-releasableoligopeptidelinkerandZisDB2O.Insome 

embodimentsthecompoundisSEQIDNO:11.  

100461InsomeembodimentsXisa(poly)peptide.Insomeembodimentsacompoundhaving 

thestructureofFormula(I)isa(poly)peptide.  

100471Insomeembodimentsprovidedhereinisa(poly)peptidehavingboneanabolicactivity 

(e.g., abaloparatide(SEQIDNO:2)).Insomeembodimentsprovidedhereinisasubstantially 

pure(poly)peptidehavingboneanabolicactivity(e.g., abaloparatide),whereinthe(poly)peptide 

compnsesanaminoacidsequencehavingatleast75%atleast85%atleast 9 5 0 oaminoacid 
9 

sequenceidentitywithanaminoacidsequencesetforthinSEQIDNO:1,SEQIDNO:2,SEQ 

IDNO:3,SEQIDNO:4,orSEQIDNO:14.InsomeembodimentsSEQIDNO:3and/orSEQ 

IDNO:14haveboneanabolicactivity(e.g., andbonetargetingactivity).Insomeembodiments, 

SEQIDNO:4hasboneanabolicactivity(e.g., andbonetargetingactivity).Inotherembodiments, 

the(poly)peptidecomprisesanaminoacidsequencehavingatleast750osequenceidentity(e.g., 

atleast750osequenceidentityormoreatleast850osequenceidentityormoreatleast900o 

sequenceidentityormoreoratleast950osequenceidentityormore)withthe(e.g., PTHPTHrP 

(SEQIDNO:1),orabaloparatide(Abalo)(SEQIDNO:2)),ortheaminoacidsequencesetforth 

inSEQIDNO:3.Inotherembodimentsthe(poly)peptidecomprisesanaminoacidsequence 

havingatleast 7 5 0 osequenceidentity(e.g.,atleast7 5 0 osequenceidentityormoreatleast8 5 0 o 

sequenceidentityormoreatleast900osequenceidentityormoreoratleast950osequence 

identityormore)withPTHorPTHrP(SEQIDNO:1),orAbalo(SEQIDNO:2)),ortheamino 

100481Inanotherembodimentthe(poly)peptideisanaminoacidsequencehavingatleast750 

sequenceidentityormoreatleast350osequenceidentityormoreatleast900osequenceidentity 

ormoreoratleast950osequenceidentityormoretoanaminoacidsequenceshovffiinFIG.lA.  

Inanotherembodimentthe(poly)peptideisanaminoacidsequenceshowninFIG.lA.Inanother 

embodimentthe(poly)peptideisanaminoacidsequencehavingatleast750~sequenceidentity 

ormoreatleast350osequenceidentityormoreatleast900osequenceidentityormoreoratleast 
950~sequenceidentityormoretoanaminoacidsequencesho'wninFIG.1B.Inanother 

embodimentthe(poly)peptideisanaminoacidsequenceshowninFIG.lB.Insome 

embodimentsthe(poly)peptideisanaminoacidsequencehavingatleast750osequenceidentity 

ormoreatleast350osequenceidentityormoreatleast900osequenceidentityormoreoratleast 
950~sequenceidentityormoreto101(e.g., seeSEQIDNO:7inFig.lA).Insomeembodiments, 

the(poly)peptideis101(e.g.,seeSEQIDNO:7inFig.lA).Insomeembodimentsthe 
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(poly)peptideisanaminoacidsequencehavingatleast750osequenceidentityormoreatleast 
350~sequenceidentityormoreatleast 0sequenceidentityormoreoratleast950osequence 

identityormoreto102(e.g., seeSEQIDNO:8inFig.iB).Insomeembodimentsthe 

(poly)peptideis102(e.g., seeSEQIDNO:SinFig.iB).  

100491Insomeembodimentsacompoundprovidedhereincomprisesapayload.Insome 

embodimentsthepayloadcomprisesAhaboraderivativeorfragmentthereof(e.g., havingbone 

anabolicactivity))(e.g., SEQIDNO:2).Insomeembodimentsthepayloadcomprisesalinker 

providedherein(e.g., SEQIDNO:12).InsomeembodimentsthepayloadcomprisesAbaloora 

derivativeorfragmentthereof(e.g., havingboneanabolicactivity))(e.g., SEQ.ID.NO.:2)anda 

linkerprovidedherein(e.g., SEQIDNO:12).  

100501InsomeembodimentsthelinkerisorcomprisesSEQIDNO:12.Insomeembodiments, 
thelinkerisorcomprisesapolypeptideconsistingessentiallyofSEQIDNO:12.Insome 

embodimentsthelinkercomprisesoneormoreaminoacid(s)ofSEQIDNO:12.Insome 

embodimentsthelinkercompriseseachaminoacidofSEQIDNO:12.Insomeembodiments, 

thelinkerisSEQIDNO:12.  

100511Insomeembodimentsthe(poly)peptideisapharmaceuticallyacceptablesaltofany 
compoundprovidedherein(e.g., acompoundhavingastructureofFormula(I),SEQIDNO:3, 

orSEQIDNO:4).  

100521Insomeembodimentsprovidedhereinisapharmaceuticalcompositioncomprisingany 
compoundprovidedherein(e.g., acompoundhavingastructureofFormula(I),SEQIDNO:3, 

orSEQIDNO:4),orapharmaceuticallyacceptablesaltthereofIncertainembodimentsthe 

pharmaceuticallyacceptablecarderorexcipient.  

100531Insomeembodimentsthecompoundprovidedherein(e.g., thecompoundhavingthe 

structureofFormula(I),SEQIDNO:3orSEQIDNO:4)isadministered(e.g., subcutaneously) 

toanindividual(e.g., apatientoranindividualinneedthereof).  

100541ProvidedinsomeembodimentshereinisaconjugateofformulaX-Y-Z.  

100551InsomeembodimentsXisaboneanabolicagentselectedfromthegroupconsistingofa 
PTHaPTHrP(SEQIDNO:1),abaloparatide(SEQIDNO:2),aderivativeofanyofthe 

foregoinghavingboneanabolicactivityandafragmentofanyoftheforegoinghavingbone 

anabolicactivity.  

100561InsomeembodimentsYwhenpresentisalinkerwhichcanbeeitherreleasableornon
releasable.  

8 

pharmaceuticalcompositioncomprisesanycompoundprovidedhereinandatleastone
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100571Inanotherembodimentthelinkerisanaminoacidsequencehavingatleast750osequence 

identityormoreatleast850~,sequenceidentityormoreatleast900osequenceidentityormore, 
9 

oratleast950osequenceidentityormoretoanaminoacidsequenceshowninFIG.lA.Inanother 

embodimentthelinkerisanaminoacidsequenceshowninFIG.lA.Inanotherembodimentthe 

linkerisanaminoacidsequencehavingatleast750osequenceidentityormoreatleast850o 

sequenceidentityormoreatleast900~sequenceidentityormoreoratleast950osequence 

identityormoretoanaminoacidsequenceshowninFIG.lB(e.g., SEQIDNO:12).Inanother 

embodimentlinkerisanaminoacidsequenceshowninFIG.lB(e.g., SEQIDNO:12).  

100581InsomeembodimentsZisanosteotropicligandwhichisanAOPcomprisingatleast11 

to100aminoacidresidues.  

100591TheaminoacidresiduescanbeglutamicacidasparticacidoramixturethereofThe 

aminoacidresiduescanhaveDchirality.TheAOPcanbealinearchainofaminoacidresidues.  

WhenYispresentYcanbeanon-releasablelinkercontainingatleastonecarbon-carbonbond 

and/oratleastoneamidebond.AlternativelywhenYispresentYcanbeareleasablelinker 

containingatleastonedisulfideesterand/orprotease-specificamidebond.  

100601Insomeembodimentsprovidedhereinisapharmaceuticalcompositioncomprisingany 

compoundprovidedherein(e.g., acompoundhavingastructureofFormula(I),SEQIDNO:3or 

SEQIDNO:4),orapharmaceuticallyacceptablesaltthereof(e.g., andatleastone 

pharmaceuticallyacceptablecarderorexcipient).  

100611Furtherprovidedinsomeembodimentshereinisapharmaceuticalcomposition 

comprisinganeffectiveamountofanabove-describedconjugateandapharmaceutically 

100621Insomeembodimentsthecompoundprovidedherein(e.g., thecompoundhavingthe 

structureofFormula(I),SEQIDNO:3orSEQIDNO:4)isadministered(e.g., subcutaneously) 

toanindividual(e.g., apatientoranindividualinneedthereof).  

100631Insomeembodimentsprovidedhereinisamethodoftreatingabonefracture(e.g., ofan 

individual(e.g., apatientoranindividualinneedthereof)).Insomeembodimentsthemethod 

comprisesadministering(e.g., subcutaneously)atherapeuticallyeffectiveamountofany 

compoundprovidedherein(e.g., acompoundhavingastructureofFormula(I),SEQIDNO:3or 

SEQIDNO:4)totheindividual(e.g., apatientoranindividualinneedthereofl.Insome 

embodimentsadministering(e.g., subcutaneously)thetherapeuticallyeffectiveamountofany 

compoundprovidedherein(e.g., acompoundhavingastructureofFormula(I),SEQIDNO:3or 

SEQIDNO:4)totheindividual(e.g., apatientoranindividualinneedthereofltreatsthebone 

9 

acceptablecarrier.
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fractureorimprovesthehealingofthebonefractureoftheindividual(e.g., apatientoran 

individualinneedthereof).  

100641Providedinsomeembodimentshereinisamethodoftreatingabonefractureinapatient 

(e.g., inneedthereof),themethodcomprisingadministenng(e.g., subcutaneously)tothepatient 

(e.g., inneedthereof)atherapeuticallyeffectiveamountofanycompound(e.g., havingastructure 

ofFormula(I),SEQIDNO:3orSEQIDNO:4)orpharmaceuticalcompositionprovidedherein, 

therebytreatingthebonefractureinthepatient(e.g., inneedthereof).  

100651Insomeembodimentsthepatient(e.g., inneedthereof)issusceptibletoabonefracture.  

Insomeembodimentsthepatient(e.g., inneedthereof)hasdiabetesmellitus.Insome 

embodimentsthepatient(e.g., inneedthereof)hasosteoporosis.Insomeembodimentsthe 

patient(e.g., inneedthereof)hasamaxillofacialdeficiencydefectorinjury(e.g.,amaxillofacial 

fracture.Insomeembodimentsthemaxillofacialfractureisamandibularosteotomystabilized 

withamicroplate.Insomeembodimentsthepatient(e.g., inneedthereof)hasdiabetesmellitus, 

osteoporosisand/oramaxillofacialdeficiencyamaxillofacialdefectoramaxillofacialinjury 

(e.g., amaxillofacialfracture).Insomeembodimentsthepatienthasoneormorecomorbidities 

selectedfromthegroupconsistingofdiabetesmellitusosteoporosisamaxillofacialinjuryand 

amaxillofacialdeficiency.  

100661Insomeembodimentsadministering(e.g., subcutaneously)thetherapeuticallyeffective 

amountofanycompound(e.g., havingastructureofFormula(I))orpharmaceuticalcomposition 

providedhereinisbyinjection.Insomeembodimentsadministering(e.g., subcutaneously)the 

therapeuticallyeffectiveamountofanycompound(e.g., havingastructureofFormula(I))or 

thetherapeuticallyeffectiveamountofanycompoundorpharmaceuticalcompositionprovided 

hereinisadministeredbyparenterallyadministrationorenterallyadministration.  

100671Insomeembodimentsprovidedhereinisamethodoftreatingabonefracture(e.g., ofan 

individual(e.g., apatientoranindividualinneedthereof)).Insomeembodimentsthemethod 

compnsesadministering(e.g., subcutaneously)atherapeuticallyeffectiveamountofany 

compoundprovidedherein(e.g., acompoundhavingastructureofFormula(I),SEQIDNO:3or 

SEQIDNO:4)totheindividual(e.g., apatientoranindividualinneedthereof).Insome 

embodimentsadministering(e.g., subcutaneously)thetherapeuticallyeffectiveamountofany 

compoundprovidedherein(e.g., acompoundhavingastructureofFormula(I),SEQIDNO:3or 

SEQIDNO:4)totheindividual(e.g., apatientoranindividualinneedthereof)treatsthebone 

fractureorimprovesthehealingofthebonefractureoftheindividual(e.g., apatientoran 

individualinneedthereof).Insomeembodimentsadministeringthetherapeuticallyeffective 

10 
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amountofanycompoundorpharmaceuticalcompositionprovidedhereinisbyparenteral 

administrationorenteraladministration.  

100681Insomeembodimentsadministeringresultsinareductionofpaininthepatientwithin 

threeweeks(e.g., between2-3weeks)followingadministrationofthetherapeuticallyeffective 

amountofthecompoundorpharmaceuticalcompositionprovidedherein.  

100691Methodsforpromotingbonegrowthinapatient(e.g., inneedthereoflarealsoprovided.  

Incertainembodimentsthemethodcomprisesadministeringtothepatientatherapeutically 

effectiveamountofacompoundorpharmaceuticalcompositionprovidedhereinthereby 

increasingabonemineraldensityinaboneofthepatientascomparedtopre-treatment(e.g., bone 

densitypriortoadministrationofthecompoundorpharmaceuticalcompositionprovidedherein).  

100701Insomeembodimentstheincreasedbonemineraldensityintheboneoccursatafracture 

siteorinoneormoreresorptionpitspresentonthebone(e.g., inapatientexperiencing 

osteoporosis).Insomeembodimentsofthemethodsprovidedhereinacompoundprovidedherein 

isadministered(e.g., toanindividualinneedthereof)subcutaneously.  

100711Insomeembodimentsofthemethodsatherapeuticallyeffectiveamountofanycompound 

orpharmaceuticalcompositionprovidedhereinisadministereddailyweeklybi-weeklyor 

monthly(e.g., foraperiodoftimesuchasforexampleoneweekonemonthoneyearor 

longer).Insomeembodimentsatherapeuticallyeffectiveamountofanycompoundor 

pharmaceuticalcompositionprovidedhereinisadministeredonceortwiceweekly.Insome 

embodimentsthetherapeuticallyeffectiveamountofanycompoundorpharmaceutical 

compositionprovidedhereinisadministeredin1to800independentdoses.Incertain 

compositionhasaconcentrationofcompoundofatorbetween0.01mg/kgofpatientbodyweight 

to1mg/kgofpatientbodyweight.  

100721InsomeembodimentstheboneanabolicagentisaPTHoraPTE-IrP(SEQIDNO:1)ora 

derivativeorfragmentthereof(e.g., havingboneanabolicactivity)).Insomeembodimentsthe 

boneanabolicagentisaPTHoraderivativeorfragmentthereofInsomeembodimentsthebone 

anabolicagentisaPTHrP(SEQIDNO:1)oraderivativeorfragmentthereofInsome 

embodimentstheboneanabolicagentisa(e.g., synthetically)modifiedPTHoraderivativeor 

fragmentthereofInsomeembodimentstheboneanabolicagentisa(e.g., synthetically)modified 

PTHrP(SEQIDNO:1)oraderivativeorfragmentthereofInsomeembodimentsthebone 

anabolicagentisabaloparatideoraderivativeorfragmentthereof(e.g., havingboneanabolic 

activity).Insomeembodimentstheboneanabolicagentisabaloparatide(SEQIDNO:2).In 

someembodimentstheboneanabolicagentisa(e.g., synthetically)modifiedabaloparatide.  

11 

embodimentsthetherapeuticallyeffectiveamountofthecompoundorpharmaceutical
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100731InsomeembodimentsZisalinearchainofaminoacidresidues.Insomeembodiments, 

zisanAOP(e.g., comprisingatleast4glutamicacidaminoacidresiduesor4asparticacidamino 

acidresidues).  

100741InsomeembodimentsZcomprisesatleast4aminoacidresidues(e.g., 4ormore,10or 

more,20ormore,30ormore,50ormore,75ormoreor100ormore).InsomeembodimentsZ 

compnsesatmost100aminoacidresidues(e.g.,100orless,75orless,50orless,30orless,20 

orless,10orlessor4orless).InsomeembodimentsZcomprisesnotlessthan4andnotmore 

than35aminoacids.InsomeembodimentsZcomprisesnotlessthan4andnotmorethan20 

aminoacids.InsomeembodimentsZcomprisesnotlessthan6andnotmorethan30aminoacids.  

InsomeembodimentsZcomprisesnotlessthan8andnotmorethan30aminoacids.Insome 

embodimentsZcomprisesnotlessthan8andnotmorethan20aminoacids.  

100751InsomeembodimentstheAOPthecomprisesfromabout4toabout20aminoacid 

residues(suchas4toabout20orabout4to20)ormoreaminoacidresiduessuchas4,5,6,7, 

8,9,10,11,12,13,14,15,16,17,18,19or20.InvariousembodimentstheAOPcomprises 

about20aminoacidresiduessuchas20aminoacidresidues.  

100761Insomeembodimentstheaminoacidsisasparticacid(representedbytheletterD), 

glutamicacid(representedbytheletterB),oramixturethereofTheaminoacidresiduescan 

haveDchiralityLchiralityoramixturethereofInsomeembodimentstheaminoacidresidue 

hasDchirality.InsomeembodimentstheaminoacidresiduehasLchirality.Insome 

embodimentsZcomprisesatleast4(e.g., acidic)aminoacidresidues(e.g., havingthesame 
4 

chirality(e.g., D-orL-aminoacidresidues)).Insomeembodimentseachoftheatleast4(e.g., 

acidorL-asparticacid.InsomeembodimentstheglutamicacidisD-glutamicacidorL-glutamic 

acid.InsomeembodimentsZcomprisesnotlessthan4andnotmorethan20D-glutamicacid 

residuesorL-glutamicacidresidues.InsomeembodimentsZcomprisesnotlessthan4andnot 

morethan20D-asparticacidresiduesorL-aspazrticacidresidues.  
4 

100771InsomeembodimentsZcompnsesatleast4(e.g., D-)glutamicacidaminoacidresidues 

(e.g., 4to20D-glutamicacidaminoacidresidues)and/oratleast4(e.g., D-)asparticacidamino 

acidresidues(e.g., 4to20D-asparticacidaminoacidresidues).  

100781InsomeembodimentsZcomprisesamixtureof(e.g., D-)glutamicacidaminoacid 

residuesand(e.g.,D-)asparticacidaminoacidresidues.  

100791InsomeembodimentsZcomprisesatleast4repeatingD-glutamicacidaminoacid 

residues(e.g., DE4ormoreDE6ormoreDE8ormoreDEl0ormoreDEl5ormoreorDE2O 

ormoreDE25ormoreDB3OormoreorDB35ormore).InsomeembodimentsZcomprisesat 
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least10repeatingD-glutamicacidaminoacidresidues(e.g., DE4ormoreDB6ormoreDESor 

moreDEl0ormoreDB15ormoreorDE2OormoreDB25ormoreDE3OormoreorDB35 

ormore).InsomeembodimentsXisabaloparatideoraderivativeorfragmentthereof(e.g., 

havingboneanabolicactivity)andZisDE2O.  

100801InsomeembodimentsYisanon-releasablelinker.InsomeembodimentsYisanon

releasablelinkercontainingatleastonecarbon-carbonbond.InsomeembodimentsYisanon

releasablelinkercontainingatleastoneamidebond.InsomeembodimentsYisanon-releasable 

linkercontainingatleastonecarbon-carbonbondandatleastoneamidebond.  

100811InsomeembodimentsYisareleasablelinker.InsomeembodimentsYisareleasable 

linkercontainingatleastonedisulfide(S-S).InsomeembodimentsYisareleasablelinker 

containingatleastoneester(e.g., 0(C0)).InsomeembodimentsYisareleasablelinker 

containingatleastone(e.g., protease-specific)amidebond.  

100821InsomeembodimentsYisalinkerdescribedelsewhereherein(e.g., hereinabove).  

100831InsomeembodimentsZisanosteotropicliganddescribedelsewhereherein(e.g., 

hereinabove).  

100841InsomeembodimentsXisabaloparatideoradenvativeorfragmentthereof(e.g., having 

boneanabolicactivity),Yisanon-releasableoligopeptidelinkerandZisDE2O.Insome 

embodimentsthecompoundisSEQIDNO:11.  

100851InsomeembodimentsXisabaloparatideoradenvativeorfragmentthereof(e.g., having 

boneanabolicactivity),Yisareleasableoligopeptidelinkercomprisingatleastoneprotease

specificaniidebondandZisDE2O.  

100871In some embodiments, the compound is a single-photon emission computer 

tomography/computedtomography(SPEC/CT)imagingagent.  

100881Insomeembodimentsthecompoundisdescribedelsewhereherein(e.g., hereinabove).  

100891InsomeembodimentsthecompoundisSEQIDNO:3.Insomeembodimentsthe 

compoundisSEQIDNO:4.  

100901Insomeembodimentsprovidedhereinisapharmaceuticalcompositioncomprisingany 

compoundprovidedherein(e.g., acompoundhavingastructureofFormula(I),SEQIDNO:3or 

SEQIDNO:4),orapharmaceuticallyacceptablesaltthereof(e.g., andatleastone 

pharmaceuticallyacceptablecarderorexcipient).  

100911Stillfurtherprovidedinsomeembodimentshereinisamethodoftreatingabonefracture.  

Insomeembodimentsthemethodcomprisesadministering(e.g., subcutaneously)toapatient 

withabonefractureaneffectiveamountofaconjugateofformulaX-Y-Zorapharmaceutical 
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100861Insomeembodimentsthecompoundisanimagingagent(e.g., adye).
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compositioncomprisingsamewhereuponthebonefractureinthepatientistreated.Thepatient 

canhavediabetesmellitusosteoporosisoramaxillofacialfracturesuchasamandibular 

osteotomystabilizedwithamicroplate.Theeffectiveamountoftheconjugateortheeffective 

amountofthepharmaceuticalcompositioncanbeadministeredbyinjectionsuchassubcutaneous 

injection.  

100921Furtherembodimentsandthefullscopeofapplicabilityofthepresentdisclosurewill 

becomeapparentfromtheDetailed 9 

Descnption.Howeveritshouldbeunderstoodthatthe 
DetailedDescriptionandspecificexamplesaregivenbywayofillustrationonly.Variouschanges 

andmodificationswithinthespiritandscopeofthepresentdisclosurewillbecomeapparentto 

thoseskilledintheart.  

BRIEFDESCRIPTIONOFTHEFIGURES 

100931Fig.lAshowsSEQIDNO:1,SEQIDNO:2,SEQIDNO:3,SEQIDNO:4,SEQID 

NO:5,SEQIDNO:6(thestructureforatargetedconjugateofdasatinib),andSEQIDNO:7.  

100941Fig.lBshowsSEQIDNO:8,SEQIDNO:9,SEQIDNO:10,SEQIDNO:11,SEQID 

NO:12,SEQIDNO:13,SEQIDNO:14,andSEQIDNO:15.  

100951Fig.2Ashowschemicalstructuresofatetracyclineamono-bisphosphonate a 

polyphosphateandanacidicoligopeptideconjugatedtoaradiolabeledtyrosylcysteine.  

100961Fig.2Bshowsagraphofconjugatevs.fractured/healthyfemursratioforbone-targeting 

ligandsdelivering 1 2 5 jtyrosylcysteinepayloads.  

100971Fig.3Ashowsagraphoftissuevs.percentinjecteddose/goftargetedSEQIDNO:1 

100981Fig.3Bshowsagraphofconjugatevs.percentinjecteddose/goftargetedSEQIDNO:1 

andfreeSEQIDNO:1inthefracturefemursofamammal24hourspost-injection.  

100991Fig.3Cshowsagraphofconjugatevs.fractured/healthyfemursratiooftargetedwith 

SEQIDNO:1ascomparedtountargeted/freeSEQIDNO:1.  

101001Fig.4showsagraphoftissuevs.percentinjecteddose/gofsixdifferentradio-iodinated 
payloadscoupledto(L)Aspio24hourspost-injection.  

101011Fig.Sshowsagraphoftissuevs.percentinjecteddose/gofradio-iodinatedcaseinkinase 
2.3peptide(CK2.3)coupledto10(L)asparticacidsrelativetountargetedCK2.3.  

101021Fig.6showsagraphoftissuevs.percentinjecteddose/gramofradio-iodinatedCK2.3 
coupledto10(L)asparticacids,10(L)glutamicacidsor10(L)aminoadipicacidsrelativeto 

untargetedCK2.3.  
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101031Fig.7showsagraphoftissuevs.percentinjecteddose/gofradio-iodinatedCK2.3coupled 

to10or20(L)glutamicacidsrelativetountargetedCK2.3.  

101041Fig.8showsagraphoftissuevs.percentinjecteddose/gofradio-iodinatedCK2.3coupled 

to20L-orD-glutamicacidsrelativetountargetedCK2.3.  

101051Fig.9showsagraphofhourspost-injectionvs.jigdye/mgtissueofS0456(new-infrared 

(IR)fluorophore)coupledto10L-orD-asparticacidsinamammalbearingmidshaf'tfemur 

fractures10dayspost-fractureatdifferenttimepointspost-injection.  

101061Fig.10showsagraphoftargetingligandsvs.percentinjecteddose/gramofradio

iodinatedCK2.3coupledtodifferentacidicoligopeptidesrelativetountargetedCK2.3.  

101071Fig.hAshowsasingle-photonemissioncomputertomography/computedtomography 

(SPEC/CT)imageoftheTcchelatorEC2Ochelating99Tclinkedto(D)Gluioacid.  

101081Fig.liBshowsaSPEC/CTimageoftheTcchelatorBC2Ochelating99Tclinkedto 

(D)Glu2oacid.  

101091Fig.liCshowsagraphoftissuevs.percentinjecteddose/gofthelabeled(D)Gluioand 

(D)Glu2ocompoundsinthedifferenttissues.  

101101Fig.liDshowsthestructureofEC2O(D)Gluiochelating99Tc.  

101111Fig.12showsthestructureofatri-bisphosphonatetargetingligand.  

101121Fig.13showsagraphofagenttestedvs.bonevolume(BV)oftargetedanabolic 

conjugatesonamammalafterfourweeks.  

101131Fig.14showsagraphofagenttestedvs.bonevolume/totalvolume(BV/TV)oftargeted 

anabolicconjugatesonamammalafterfourweeks.  

conjugatesonamammalafterfourweeks.  

101151Fig.16showsagraphofagenttestedvs.worktofracture(mJ)oftargetedanabolic 

conjugatesonamammalafterfourweeks.  

101161Fig.17showsagraphofagenttestedvs.post-yielddisplacement(mm)oftargeted 

anabolicconjugatesonamammalafterfourweeks.  

101171Fig.18showsagraphofdaysvs.bloodsugar(mg/dl)ofatypeIdiabeticrodentduring 

thefour-weektreatmentperiodusingacompoundprovidedherein.  

101181Fig.19showsagraphofdaysvs.average00changeinbodymassforatypeIdiabetic 

fracturemicetreatedgroupsthroughouttreatment.  

[0119JFig.20Ashowsagraphofagenttestedvs.bonevolumeoftargetedanabolicconjugates 

onamammalafterfourweeks.  
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101141Fig.15showsagraphofagenttestedvs.maximum(max)load(N)oftargetedanabolic
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101201Fig.20Bshowsagraphofagenttestedvs.bonevolume/totalvolumeoftargetedanabolic 

conjugatesonamammalafterfourweeks.  

101211Fig.21Ashowsagraphofagenttestedwithinsulinvs.trabecularthicknessoftargeted 

anabolicconjugatesonamammalafterfourweeks.  

101221Fig.21Bshowsagraphofagenttestedwithinsulinvs.trabecularspacingoftargeted 

anabolicconjugatesonamammalafterfourweeks.  

101231Fig.22Ashowsagraphofagenttestedwithinsulinvs.maximumforce(N)oftargeted 

anabolicconjugateonamammalafterfourweeks.  

101241Fig.22Bshowsagraphofagenttestedwithinsulinvs.worktofracture(mJ)oftargeted 

anabolicconjugateonamammalafterfourweeks.  

101251Fig.22Cshowsagraphofagenttestedwithinsulinvs.modulus(MPa)oftargetedanabolic 

conjugateonamammalafterfourweeks.  

101261Fig.23Ashowsagraphofagenttestedvs. BVoftargetedanabolicconjugateonamammal 

afterfourweeks.  

101271Fig.23Bshowsagraphofagenttestedvs.bonevolume/totalvolume(BV/TV)oftargeted 

anabolicconjugateonamammalafterfourweeks.  

101281Fig.24Ashowsagraphofagenttestedvs.maxload(N)oftargetedanabolicconjugateon 

amammalafterfourweeks.  

101291Fig.24Bshowsagraphofagenttestedvs.worktofracture(mJ)oftargetedanabolic 

conjugateonamammalafterfourweeks.  

101301Fig.24Cshowsagraphofagenttestedvs.stiffness(MPa)oftargetedanabolicconjugate 

101311Fig.25showsagraphofagenttestedvs.serumcalciumconcentration(mg/dl)oftreatment 

onserumcalciuminamammalwithamidshaftfemurfracturemodel.  

101321Fig.26showsagraphofdaysvs.distancetraveled(cm)inlocomotoropen-fieldboxesfor 

differenttreatmentgroups.  

101331Fig.27showsagraphofdaysvs.timespentmovinginlocomotoropen-fieldboxesfor 

differenttreatmentgroups.  

101341Fig.28showsagraphofdaysvs.meanvelocity(cm/s)inlocomotoropen-fieldboxesfor 

differenttreatmentgroups.  

101351Fig.29showsgraphsofagentvs.non-calcifiedarea(mm 2 )fordefectandgraftandcranial 

defectagentvs.percentmigrated(0o)forscrewagentvs.gapdiameter(mm)formandibular 

osteotomyandagentvs.maxload(N)formandibularosteotomy.  
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101361Fig.30showsagraphofhoursvs.percentinjecteddoseinblood(cpm/g)ofcompounds 

providedherein.  

101371Fig.31showsagraphofhoursvs.percentinjecteddoseinbone(cpm/g)ofcompounds 

providedhereininfracturedfemursandcontralateralfemurs.  

101381Fig.32showsagraphoftreatmentofacompoundprovidedhereinvs.maxload(N).  

101391Fig.33showsagraphoftreatmentofacompoundprovidedhereinvs.worktofracture 

(mJ).  

101401Fig.34showsagraphoftreatmentofacompoundprovidedhereinvs.maxload(N).  

101411Fig.35showsCTimagesofboneimagedthreeweeksafterinitiationoftreatmentwith 

non-targetedabaloparatide.  

DETAILEDDESCRIPTION 

101421Thepresentdisclosurerelatestothepreparationanduseofcompoundsandcompositions 

thattreatbonefractures.Insomeembodimentsthecompoundscompositionsandmethods 

leveragestrategiesto(e.g., selectively)localizethetherapeuticagentstoabonefractureorother 

boneinjuiyofinterest.Forexamplethecompoundscompositionsandmethodsprovidedmay 

compnseanosteotropicligand.Insomeembodimentsthecompoundsandcompositionsare 

formulatedtoexhibitincreasedretentiontime(suchasduetoincreasedresistancetodegradation, 

forexample)suchthatthefrequencyatwhichthecompoundorcompositionisreadministeredto 

maintainatherapeuticallyeffectiveconcentrationatthetargetedsite(e.g., afracturesite)is 

reduced.Thecompoundscompositionsandmethodshereofallowforsignificantadvantagesover 

noninvasivewaytomaintainlongerdurationoftherapeuticconcentrationsofdrugrelativetothe 

traditionalbolusadministrationusedinlocalapplicationofatherapeuticlikeinbone 

morphogeneticprotein-2(BMP2).Thiscanresultinmorerobuststimulationofhealingandfaster 

repair.Thenoninvasivenaturecanfurtherallowphysicianstocontrolwhenandhowlongadrug 

isadministeredsuchthattheycanaffectdifferentphasesoffracturehealingandadjusttreatment 

strategiestomeetvariabilityinpatienthealingtimes.Italsocanreducesystemicexposureand 

sideeffectsandcanavoidleakageintoneighboringtissuelikethelocalapplicationofanabolics.  
4 

101431Bonefracturescanpresentinpatientswithosteoporosis. Osteoporosiscanbeaco

morbiditythatindividualshavelaterinlife(e.g., >65yearsold)andcanbetheresultofa 

misbalancebetweentheosteoblastsandtheosteoclasts.Inwomenthemisbalancecanbe 

triggeredbythelossofestrogenduringmenopause.Thelossinbonedensityduetothemisbalance 

17 

conventionaltherapiesusedtotreatbonefractures.Forexampletargetedtherapiesallowfora



WO2022/093373 PCT/IJS20211047824 

canleadtofragilebonesthatbreakwitharelativelyreducedforce(comparedtoearlierinlife).  

Themisbalanceinthebonebasicunitcanalsoslowthehealingoffractures.  

101441Atleastoneinthreewomenandoneinfivemenovertheageof50willsufferan 

osteoporoticfracture.Osteoporoticpatientsareatleasttwiceaslikelytogetafracture(e.g., due 

tosarcopeniaandweakenedbone)andassuchosteoporoticfracturescanbeachallengetothe 

at-hskpopulation.Thispopulationwouldbenefitfromanoninvasivestrategytoacceleratebone 

fracturehealing.  

101451Similarlydiabeticpatientshavesixtimesasmanyfracturesaspatientswithoutdiabetes.  

Diabeticpatientsmayhavetwiceasmanynonunionfracturesashealthypatients.Theincreasein 

fracturesinsomeinstancesoccursfrommicrostructuralchanges(e.g., intheextracellularmatrix 

ofthebone).Hyperglycemiacanleadtonon-enzymaticcrosslinksbetweencollagenstrands.In 

additionintypeIdiabetesmellitusthelossofinsulinproductionfromthebetacellsintheislets 

ofLangerhanscanleadtoareductioninbonemineraldensity(e.g., becauseinsulinisanabolic 

forosteoblasts).Moreoverbonehealingcanbeimpairedfrompoorvasculanzationand 

neuropathy.Acceleratingfracturerepairinthesepatientsmaybeimportantsinceforexample, 

theymaybemorepronetoco-morbiditieswhenimmobilized. Diabeticpatientscanbe 

challengingorthopedicpatientstotreatwithcurrentbonehealingtreatmentoptions.  

101461Whilelongbonefracturescanrequiretemporaiyimmobilizationandshort-termlifestyle 

changesmaxillofacialbonefracturescanconsistentlyresultinseveredecrementsinqualityof 

life(e.g., thatoftenpersistsuntilthedamagedbonesaresubstantiallyrepaired).Thisdeclinein 

qualityoflifecanbefrompainrisingfromthehighdensityofnerveendingsincraniofacial 

ofthisareasuchasforexamplecommunicationandmastication.  

101471AlthoughthephysicalandfinancialburdensoffracturesintheUnitedStateshavebeen 

frequentlylamentedmethodsfortreatingthesefractureshavesurprisinglynotimproved.  

Treatmentmethodsinsomeinstancesrelyonstabilizationwithrodsplatesand/orcasts.  

101481Inmanyinstancesosteogenicdrugsapprovedtodatearetopicallyappliedduringsurgery.  

Forexamplebecausesurgeryisnotindicatedformostfracturestheopportunitytoemploythese 

pharmacologicagentscanbedifficult.  

101491Inmanyinstancesthemetabolicturnoverofapprovedboneanabolicagentsisrelatively 

fastwhichcanrestrictthedurationoftheirtherapeuticbenefitstoabriefwindowfollowingtopical 

application.  

101501Additionallyleakageoflocallyappliedanabolicdrugsintosurroundingtissuescanlead 

toundesirablesideeffectsincludingforexampleectopicbonegrowth.Insomeinstances, 
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systemicadministrationofosteogenicagentsstimulatesunwantedanabolicprocessesinhealthy 

tissues suchasforexamplenervesmusclesandthevasculature.Insomeinstances, 
9 

hypercalcemiahypertensionimmunosuppressionandevencancerareconcernssurrounding 

systemicadministrationofboneanabolicdrugs.  
9 

101511Apossiblesolutionisbonetargeting.Todatebonetargetinghaspnmarilyfocusedon 

deliveringpayloadstoorthopedicpathologiesnotrelatedtofracturessuchasosteoporosis, 

osteomyelitisandbonemetastases.Mostofthesetreatmentsarebisphosphonatestodeliver 
9 

compoundsselectivelytobone.Howeverwhentreatingbonefracturesitisimperativetodeliver 

compoundsselectivelytothefracturesitetoavoidectopicossificationthatcanoccurwhenadrug 

isdeliverednonspecificallytoallbone.Whiletetracyclinemaybemoderatelyselectivefor 

fracturedoverhealthybonetetracyclinescanbetoxictoboneliverandkidneyandarethusnot 

anidealsolution.  

101521Severallimitationsalsoexistwithusingbisphosphonatesforfracturetargetingincluding 

thattheyinhibitosteoclastswhichareessentialforbothnormalskeletalremodelingandresolving 

offracturecallusesfromwovenboneintolaminarbone.Motherproblemwithusing 

bisphosphonatesastargetingligandsisthattheyhavehalf-livesofupto20yearsinbonewhich, 

dependingonthestabilityoftheirtherapeuticcargoescanpotentiallyleadtoanundesirably 

prolongedstimulationoftheirmoleculartargets.  

101531Similartargetingcanbeobservedwithranelates.Thesecompoundscanbeusedas 

targetingmoleculesformanybonediseasesandcanbeattachedtoanabolicagentstospeedbone 

growthandhealing.Howeverlikebisphosphonatestheyhavealongbonehalf-life.  
9 

cumbersomesynthesisandpoorsolubilitythereremainsaneedforanosteotropicligandthat 

doesntpresentsuchdisadvantages.Desirablytheosteotropicligandcandeliveranattached 
9 

peptidictherapeuticagenttoafractureinparticularafracturecallus.  

101551Abaloparatide(SEQIDNO:2)isananabolic34-aminoacidsyntheticanalogof 

parathyroidhormone-relatedprotein(PTHrP)(SEQIDNO:1).Itcanhelppromotebonegrowth 

andconservebonedensityandcanbeusedtotreat 9 

osteoporosis.Abaloparatide(SEQIDNO:2) 
actssimilarlytoPTHrP(SEQIDNO:1)andtargetsbindstoandactivatestheparathyroid 

hormone1(PTH1)receptor(PTH1R).  

101561PTH1RisaUprotein-coupledreceptor(GPCR)expressedinosteoblastsandbonestromal 

cells.PTH1R,9 
inturnactivatesthecyclicadenosinemonophosphate(cAMP)signalingpathway 

andtheboneanabolicsignalingpathwayleadingtobonegrowthandincreasedbonemineral 
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densityandvolume.Theincreaseinbonemassandstrengthhelpsprevent/treatosteoporosisand 

decreasetheriskoffractures.  

101571Managementofbrokenbonesmaybeimprovedbycontinuouslyapplyingboneanabolic 

agentstoafractureovertheentirecourseofthehealingprocess.Insomeinstanceshydroxyapatite 

isexposedonabrokenbone.Moleculesthatbindwithhighaffinityandspecificityfor 

hydroxyapatiteinsomeinstancesmayprovideatreatmentfortargetingaboneanabolicagentto 

afracture(e.g., andprovideforcontinuousstimulationoffracturehealing).  

101581Patientswithfracturescansufferalossoffunctionforexampleduetopainandlackof 

stabilityofafracture.Conventionaltreatmentsforskeletallossoffunctionincludeforexample, 

improvedstabilitybysurgicallyimplantingplatesandrodspainreliefwithnonsteroidalanti

inflammatoiydrugs(NSAIDS)andopioidsandlocallyappliedanabolics.Surgicalimplantation 

ofrodsandplatesisinvasiveandcanbepainful.Forexampleinsomeinstancepatientsusethe 

fracturedpartoftheirbodytooquicklyandthusdelayhealing.Opioidscaninsomeinstances, 

elicitcognitiveimpairmentandareforexample,1)themostcommonlyabuseddrugclass(e.g., 

afterorthopedictraumainbothyoungandagedpopulations)and2)insomeinstancesresponsible 

forthecontinuationofsomepainsyndromesfollowinghealingoftheinjury.Additionallyin 

someinstancesopioidscaninducedizzinessandvertigowhichcanforexampleresultinfalls 

thatcanfurtherexacerbateexistingboneinjuriesorcausenewboneinjuries.Insomeinstances, 

NSAIDuseforfracturepainisdiscouragedasitcancompromisethehealingprocess.For 

exampleadministrationofNSAIDstoalleviatepainmayresultinreducedbonedensity, 

decreasedcartilageformationduringearlyfracturefixationandultimatelynonunionofthebone 

differentiationofstemcellsanddiminishedBMP2production. Insomeinstancespatients 

continuetofeelpainaftertreatmentresultinginalossoffunctiondespitebetterradiographic 

outcomes.BMP2isanapprovedtherapyfortreatingbonefracturesthatcanimprovefracture 

healingbuthasalsobeenreportedtoinsomeinstancesincreasepainaftersurgerywhichmay 

delaythegainoffunctionfollowingafracture.  

101591Compounds 

101601Providedinsomeembodimentshereinarecompoundscomprisingacidicoligopeptides 

(AOPs)(e.g., lO-mersand20-mersofacidicaminoacidslO-mersand20-mersofeitheraspartic 

acidorglutamicacidorvariouscombinationsoftheforegoing).InsomeembodimentsAOPs 

effectivelytargetspinalfusions.Insomeembodiments,20-mersaremoreeffectivethanlO-mers.  

InsomeembodimentsAOPsarehighlyselectivecomparedtobisphosphonatesandtetracyclines.  

Insomeembodimentsglutamicacidpolymersandasparticacidpolymershavesimilarretention 
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timesatthedeliverysite.Insomeembodimentswhileoligo-asparticacidshavereduced 

nonspecificretentioninthekidneystheslightincreaseinretentiontimeobservedwitholigo

glutamicacidistransient.Insomeembodimentsbothasparticacidoligopeptidesandglutamic 

acidoligopeptides(e.g., newlyquantitatively)clearfromthekidneysafter18hours.Insome 

embodimentsAOPstargetpeptidesofallchemicalclasses(e.g., hydrophobicneutralcationic, 

anionicshortoligopeptidesandlongpolypeptides).Insomeembodimentsthistargetingis 

particularlybeneficialasitallowsforthedevelopmentandbroaduseofthisplatformtodevelop 

othertargetedtherapeutics(e.g., manyboneanabolicagentsarepeptidicbuttheirphysical 

propertiescanvarygreatly).  

101611Providedinsomeembodimentshereinarecompoundscomprisingnon-naturalD 

enantiomersofAOPswhichcan,9 
insomeinstancesexhibitincreasedretentiontimeonthe 

fracturesurfacecomparedtotherespectiveLenantiomers.Thiscanbeduetoanincreased 

resistancetodegradationascomparedtoothercompoundsforexample.Insomeembodiments, 

increasedretentiontimeimpactsthefrequencythatatherapeuticagentrequiresre-administration 

tomaintainatherapeuticallyeffectiveconcentrationatthetargetedsiteofsurgery(e.g., bone 

fracture).Insomeembodimentsincreasedretentiontimeimpactstheamountofatherapeutic 

agentrequiredtobeadministeredtoelicitatargetedresponse(e.g., atherapeuticresponse).In 
9 

someembodimentslinerAOPsaresuperiortobranchedAOPs(e.g., duetoareductioninorthe 

absenceofinterference).  

101621Insomeembodimentstargeteddeliveryofanabolicagentsprovideslocalizationof 

therapeuticagentstobonefracture(e.g., viainjectionsuchasforexamplesubcutaneous 

administeredrepeatedlytoapatient(e.g., inneedthereofl.Insomeembodimentsacompound 

providedhereinisadministeredatarelativelylowdosetoapatient(e.g., inneedthereofl.Insome 

embodimentsacompoundprovidedhereinisadministeredatasafedosetoapatient(e.g., indeed 

thereofl.Insomeembodimentsacompoundprovidedhereinisadministeredatatherapeuticdose 

toapatient(e.g., inneedthereof).Insomeembodimentstargeteddeliveryminimizes(e.g., ifnot 

eliminates)driftofananabolicagent(e.g., intoothertissuesandunwantedmineralization).In 

someembodimentsbonegrowthintheregionisstimulatedforarelativelylongtime(e.g., to 

achieverelativelyfastresults(e.g., sothatpatientscanregaintheirpost-surgerymobilitymore 

quicklyascomparedtonon-targeteddeliveiyapproaches)).  

101631InsomeembodimentsprovidedhereinisacompoundhavingastructureofFormula(I): 

x-Y-z 

orapharmaceuticallyacceptablesaltthereofwherein: 
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xisaboneanabolicagent 
Ywhenpresentisalinkerwhichcanbeeitherreleasableornon-releasableand 

zisanosteotropicligand.  
zcanbeanysuitableosteotropicligand.Insomeembodimentstheosteotropicligandhas 

anaffini~forbonee.g.,hydroxyapatite.Insomeembodimentstheosteotropicligandhelpsdirect 

thecompound(oraderivativeorfragmentthereoflto(e.g., healing)bone.Insomeembodiments, 

theosteotropicligandhasthepotentialtotargettheboneanabolicagenttoabonefractureorother 

boneinjury.Insomeembodimentstheosteotropicligandisaligandwithaffinityfor 

hydroxyapatite.Insomeembodimentstheosteotropicligandisaranelateabisphosphonate(e.g., 

alendronate),atetracyclineapolyphosphateanacidicmolecule(suchasamoleculewithtwoor 

morecarboxylicacids),acalciumchelatorametalchelatororanAOP.Insomeembodiments, 

theosteotropicligandisanAOP.Insomeembodimentstheosteotropicligandisabisphosphonate 

selected from the group consisting of monobisphosphonate, tribisphosphonate and 

polybisphosphonate.  

101641InsomeembodimentsZcomprisesatleast4aminoacidresidues(e.g., 4ormore,10or 

more,20ormore,30ormore,50ormore,75ormoreor100ormore).InsomeembodimentsZ 

compnsesatmost100aminoacidresidues(e.g.,100orless,75orless,50orless,30orless,20 

orless,10orlessor4orless).InsomeembodimentsZcomprisesnotlessthan4andnotmore 

than30aminoacids.InsomeembodimentsZcomprisesnotlessthan4andnotmorethan20 

aminoacids.InsomeembodimentstheAOPthecomprisesfromabout4toabout20aminoacid 

residues(suchas4toabout20orabout4to20)ormoreaminoacidresiduessuchas4,5,6,7, 

about20aminoacidresiduessuchas20aminoacidresidues.InotherembodimentstheAOP 

cancomprisemorethan20aminoacidresiduessuchas21,22,23,24,25,30,35,40,45,50,55, 

60,65,70,75,80,85,90,95orasmanyas100aminoacidresidues.  

101651Insomeembodimentstheaminoacidscanbeasparticacid(representedbytheletterD), 

glutamicacid(representedbytheletterB),oramixturethereofTheaminoacidresiduescan 

haveDchiralityLchiralityoramixturethereofInsomeembodimentstheaminoacidresidue 

hasDchirality.InsomeembodimentstheaminoacidresiduehasLchirality.Insome 

embodimentstheasparticacidisD-asparticacidorL-asparticacid.Insomeembodimentsthe 

glutamicacidisD-glutamicacidorL-glutamicacid.InsomeembodimentsZcomprisesnotless 

than4andnotmorethan20D-glutamicacidresiduesorL-glutamicacidresidues.Insome 

embodimentsZcomprisesnotlessthan4andnotmorethan20D-asparticacidresiduesorL

asparticacidresidues.  
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101661InsomeembodimentstheAOPcomprisesoneormoreneutralorbasicaminoacids(e.g., 

providedthattheAOPfunctionseffectivelyasanosteotropicligand).Insomeembodimentsthe 

AOPcomprisesoneormoresyntheticaminoacids(e.g., whichcanbeacidicneutralorbasic).  

101671InsomeembodimentstheAOPislinear(alinearchain)orbranched(abranchedchain).  

Alinearchainisusedinvariousembodiments.InsomeembodimentstheAOPcanbecyclized.  

101681Theosteotropicligand(Z)canbeasingleunitapolymeradendrimerormultipleunits.  

Insomeembodimentstheosteotropicligandisapolymer.Insomeembodimentstheanabolic 

agentiscyclic.Insomeembodimentstheanabolicagentisacyclicpeptide.Insomeinstancesa 

cyclicpeptideisacompound(orradicalthereof)consistingoftwoormoreaminoacidslinkedin 

achainwhereintwoportionsofthecompoundcombinetoformaheterocyclic(e.g., peptide) 

molecule.Examplesofcyclicpeptidesincludebutarenotlimitedtostructures101and102(see, 

e.g.,Figs.lAandiB).  

101691InsomeembodimentsXisanysuitableboneanabolicagent.Insomeembodimentsthe 

boneanabolicagentisneutralanioniccationicorhydrophobic.Insomeembodimentsthebone 

anabolicagentisanoligopeptide(e.g., comprisinglessthanorequaltoabout10(orlessthan10) 

aminoacidresiduessuchas10,9,8,7,6,5or4aminoacidresidues).Insomeembodimentsthe 

boneanabolicagentcomprisesmorethanorequaltoabout10(ormorethan10)aminoacid 

residuessuchas10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30, 

31,32,33,34,35,36,37,38,39,or40aminoacidresidues.  

101701Examplesofanabolicagentsincludebutarenotlimitedtoabaloparatide(SEQIDNO.  

2),SEQIDNO:5(e.g., a34-residuepeptidehormonethatissecretedbytheJ3-cellsofthe 

II(pro-IOF-Il)),SEQIDNO:7(e.g., ITGAconjugatedwith10glutamicacidresidues(ITGA5)), 

SEQIDNO:6(aconjugatewith10glutamicacidresidues),parathyroidhormone(PTH), 

parathyroidhormonerelatedprotein(PTHrP)(SEQIDNO:1),oraderivativeofanyofthe 

foregoing(e.g., oneormoreaminoacidmutationssuchasinsertionsdeletionsandsubstitutions 

withanaturallyoccurringaminoacidoranon-naturallyoccurringaminoacid)havingbone 

anabolicactivityorafragmentofanyoftheforegoinghavingboneanabolicactivity.  

101711InsomeembodimentsaboneanabolicagentfollowedbythedesignationD#,suchas 

e.g., D20,indicatesthattheboneanabolicagentisattached(orjoinedorconnectedsuchasatan 

N-terminusoraC-terminus)toanosteotropicligand(e.g., suchasanorthotropicligandhaving 

20asparticacidresidues).Insomeembodimentsaboneanabolicagentfollowedbythe 

designationE#,e.g., E20,indicatesthattheboneanabolicagentisattached(orjoinedor 
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connectedsuchasatanN-terminusoraC-terminus)toanosteotropicligand(e.g., suchasan 

orthotropicligandhaving20glutamicacidresidues).  

101721In some embodiments, SEQ ID NO: 1 is AVSEHQLLHD 

KOKSJQDLRRRFFLHHLJABJHTAEIRATSBVSPNSKPSPNTKNHPVRFOSDDEGRYLTQ 

ETNKVETYKEQPLKTP.  
NO.  

101731In some embodiments, ID 9 2 is 
9 

AVSEHQLLHDKGKSIQDLRRRELLEKLLxKLHTA whereinxisa-aminoisobutyricacid 
(Aib).InsomeembodimentstheC-terminusofSEQIDNO:2isamidated.Insomeembodiments, 

SEQIDNO:2isAVSEHQLLHDKGKSIQDLRRRELLEKLLxKLHTAwhereinxisAiband 

theC-terminusisamidated.  

[0174JIn some embodiments, SEQ ID NO: 15 is 

AVSEHQLLHDKGKSIQDLRRRELLEKLLxKLHTAEIRATSEVSPNSwhereinxisAib.In 

someembodimentsSEQIDNO:3furthercomprises eeeeeeeeee where"e signifiesD

glutamicacid(e.g., SEQIDNO:3).Insomeembodiments,"EEEEEEEEEE"canbeaddedtothe 

endofSEQIDNO:15toobtainSEQIDNO:14,where'19 9 

NO.  
[0175JIn some embodiments, ID 9 4 is 

AVSEHQLLHDKGKSIQDLRRRELLEKLLxKLHTAEIRATSEVSPNSeeeeeeeeeeeeeeeeeeee 

whereinxisAib.Insomeembodiments,"e" signifiesD-glutamicacid(e.g., "E~~9 
" ,, 9 glutanhicacidwhereas eindicatesD-glutamicacid).InsomeembodimentsSEQIDNO:4is 

AVSEHQLLHDKGKSIQDLRRRELLEKLLxKLHTAEIRATSEVSPNSeeeeeeeeeeeeeeeeeeee 

whereinxisAiband"e"signifiesD-glutamicacid.  

8500sequenceidentityormoreatleast900osequenceidentityormoreoratleast950osequence 

identityormoretoSEQIDNO:3.Insomeembodimentsthecompoundhasatleast750osequence 

identityormoreatleast85'~osequenceidentityormoreatleast900osequenceidentityormore, 

oratleast950osequenceidentityormoretoSEQIDNO:4.Insomeembodimentsthecompound 

hasatleast750osequenceidentityormoreatleast85~osequenceidentityormoreatleast900~ 

sequenceidentityormoreoratleast950osequenceidentityormoretoSEQIDNO:14.  

[0177JInsomeembodimentsofFormula(I),Yisanon-releasablelinker.Insomeembodiments, 

Yisanon-releasablelinkercontainingatleastonecarbon-carbonbondand/oratleastoneamide 

bond.InsomeembodimentsYisareleasablelinker.InsomeembodimentsYisareleasable 

linkercontainingatleastonedisulfide(5-5),ester(e.g., -O(C-0)-),and/orprotease-specific 

amidebond.  
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101781Insomeembodimentsthetargetingmolecule(Pe.,osteotropicligand)doesnotcleave 

fromthedrug/anabolicagentforthecompoundtobetherapeuticallyeffectiveinvivo.Thiscanbe 

advantageousasitcanallowfortheuseofosteotropicligandsandcompositionscomprising 

anabolicagentsbecauseonlyanegligibleamount(ifany)oftheanabolicagentisreleased(e.g., 

systemically)priortothetargeteddeliveryofthecompoundtothebonefracturesiteorother 

targetedsite.Insomeembodimentstuningthereleasingpropertiesofactivecomponentsisa 

difficultaspectofthepreparationofeffectivepharmaceuticalcompositions. Income 

embodimentsthecompoundscomprisingthenon-releasablelinkersprovidedhereinavoidthe 

difficultiesofthepreparationofeffectivepharmaceuticalcompositions(e.g., byremovingthe 

necessityoftimingtherelease).Insomeembodimentstheanabolicagentofthecompound 

providedhereinisactivewhenbound(e.g., conjugatedtotheosteotropicligand).Accordinglyin 

someembodimentsthecompoundscomprisingtargetingmolecules(e.g., Z)conjugatedwitha 

non-releasablelinker(e.g., Y)canreducesystemicexposureand/orsystemicadverseeffectsof 

theanabolicagents(X)linkedtherewith.  

101791Insomeembodimentsaconjugatecomprisinganon-releasablelinkerreducesor 

eliminatestoxicityofacomponentreleasedfromtheconjugateinitsfreeform(e.g., afreeform 

ofacompoundand/orligandprovidedherein).  

101801Bothreleasableandnon-releasablelinkerscanbeengineeredtooptimizebiodistribution, 

bioavailabilityandPK/PD(e.g., ofthecompound)and/ortoincreaseuptake(e.g., ofthe 

compound)intothetargetedtissuepursuanttomethodologiescommonlyknownintheartor 

hereinafterdevelopedsuchasthroughPEGylationandthelike.Thelinkerscanfurtherbe 

pursuanttoconceptsknovmintheart.Insomeembodimentsthelinkerisconfiguredtoavoid 

significantreleaseofapharmaceuticallyactiveamountoftheanabolicagentincirculationprior 

tocapturebyacell(e.g., abonecell).  

101811Insomeembodimentslinkerscancompriseoneormorespacers(e.g., tofacilitatea 

particularreleasetimefacilitateanincreaseinuptakeintoatargetedtissueand/oroptimize 

biodistributionbioavailabilityand/orPK/PDofacompound).Aspacercancompriseoneormore 

ofalkylchainspolyethyleneglycols(PEGs),peptidessugarspeptidoglycansclickablelinkers 

(e.g., triazoles),rigidlinkerssuchaspoly-prolinesandpoly-piperidinesandthelike.  

101821Insomeembodimentstheoneormorelinkersofthecompoundsprovidedhereincan 

comprisePEGaPEGderivativeoranyotherlinkerknownintheartorhereinafterdeveloped 

thatcanachievethepurposesetforthherein.Insomeembodimentsthelinkerisrepeatedntimes, 

wherenisapositiveinteger.  
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101831Conjugatescanbesynthesizedinaccordancewithmethodsknownintheartand 

exemplifiedhereinsuchassolidphasepeptidesynthesis.  

101841Pharmaceutical Compositions 

101851Thecompoundsdescribedhereincanbeadministeredaloneorformulatedasa 

pharmaceuticalcompositioncomprisingthecompoundorcompoundsandoneormore 

pharmaceuticallyacceptableexcipients.Asusedhereinthetermscomposition"generallyrefers 
4 

toanyproductcomprisingmorethanoneingredientincludingthecompoundsdescribedherein.  

Itistobeunderstoodthatthecompositionsdescribedhereincanbepreparedfromisolated 

compoundsorfromsaltssolutionshydratessolvatesandotherformsofthecompounds.Certain 

functionalgroupssuchashydroxyaminoandlikegroupscanformcomplexeswithwaterand/or 

vanoussolvents,9inthevariousphysicalformsofthecompounds.Itisalsotobeunderstoodthat 

thecompositionscanbepreparedfromvariousamorphousnon-amorphouspartiallycrystalline, 

crystallineand/orothermorphologicalformsofthecompoundsandthecompositionscanbe 

preparedfromvarioushydratesand/orsolvatesofthecompounds. Accordinglysuch 

pharmaceuticalcompositionsthatrecitecompoundsincludeeachoforanycombinationofor 

individualformsofthe 9 

vanousmorphologicalformsand/orsolvateorhydrateformsofthe 
compounds.  

101861Oneembodimentprovidesapharmaceuticalcompositioncomprisingacompoundof 

Formula(I)oranycompoundcoveredbysuchformulaeorapharmaceuticallyacceptablesalt 

thereofandatleastonepharmaceuticallyacceptableexcipient.  

101871Oneembodimentprovidesapharmaceuticalcompositioncomprisinganeffectiveamount 

coveredbysuchformulaeorapharmaceuticallyacceptablesaltthereofandatleastone 

pharmaceuticallyacceptableexcipient.  

101881Insomeembodimentsprovidedhereinisapharmaceuticalcompositioncomprisinga 

therapeuticallyeffectiveamountofanycompoundprovidedhereinthatcanbeadministered(e.g., 

subcutaneously)toapatientinneedthereofInvariousembodimentsthecompositionisan 

injectablecompositionsuchasacompositionthatissuitableforsubcutaneousinjection.  

101891Compoundsand/orcompositionsdescribedhereinmaybeadministeredinunitdosage 

formsand/orcompositionscontainingoneormorepharmaceuticallyacceptable 9 earners, 
adjuvantsdiluentsexcipientsand/orvehiclesandcombinationsthereof 

9 

101901Asusedhereintheterm~administering"generallyreferstoanyandallmeansof 
introducingcompoundsdescribedhereintothehostsubjectincludingbutnotlimitedtobyoral 
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intravenous, intramuscutarsubcutaneoustransdermal, inhalationbuccal, ocdarsublingual 

vaginalrectalandlikeroutesofadministration.  

101911Administrationofthecompoundsassaltscanbeappropriate.Examplesofacceptablesalts 

includewithoutlimitationalkalimetal(forexamplesodiumpotassiumorlithium)oralkaline 

earthmetals(forexamplecalcium)saltwhoweveranysaltthatisgenerallynon-toxicand 

effectivewhenadministeredtothesubjectbeingtreatedisacceptable.Inatleastoneembodiment, 

thesaltcanbeammoniumacetatesalt.Similarly, pharmaceuticallyacceptablesalt"refersto 

thosesaltswithcounterionswhichmaybeusedinpharmaceuticals.Suchsaltsmayinclude, 

withoutlimitation:(1)acidadditionsaltswhichcanbeobtainedbyreactionofthefreebaseof 

theparentcompoundwithinorganicacidssuchashydrochloricacidhydrobromicacidnitric 

acidphosphoricacidsulfuricacidperchloricacidandthelikeorwithorganicacidssuchas 

aceticacidoxalicacid,(D)or(L)malicacidmaleicacidmethanesulfonicacidethanesulfonic 

acidp-toluenesulfonicacidsalicylicacidtartaricacidcitricacidsuccinicacidmalonicacid, 

andthelikeor(2)saltsformedwhenanacidicprotonpresentintheparentcompoundeitheris 

replacedbyametalione.g., analkalimetalionanalkalineearthionoranaluminumionor 

coordinateswithanorganicbasesuchasethanolaminediethanolaminetriethanolamine, 

trimethamineN-methylglucamineandthelike. Pharmaceuticallyacceptablesaltsarewell

knowntothoseskilledintheartandanysuchpharmaceuticallyacceptablesaltsarecontemplated.  

101921Acceptablesaltscanbeobtainedusingstandardproceduresknownintheartincluding 

(withoutlimitation)reactingasufficientlyacidiccompoundwithasuitablebaseaffordinga 

physiologicallyacceptableanion.Suitableacidadditionsaltsareformedfromacidsthatformnon

besylatebicarbonate/carbonatebisulphate/sulphateboratecamsylatecitrateedisylateesylate, 

format, fumarate, gluceptate, gluconate, glucuronate hexafluorophosphate, hibenzate, 

hydrochloride/chloridehydrobromide/bromidehydroiodide/iodideisethionatelactatemalate, 

maleatemalonatemesylatemethylsulphatenaphthy1ate,2-napsylatenicotinatenitrateorotate, 

oxalatepalmitatepamoatephosphate/hydrogenphosphate/dihydrogenphosphatesaccharate, 

stearatesuccinatetartratetosylateandtrifluoroacetatesalts. Suitablebasesaltsofthe 

compoundsdescribedhereinareformedfrombasesthatformnon-toxicsalts.Illustrativealbeit 

nonlimitingexamplesincludethearginine benzathinecalcium cholinediethylamine, 

diolamineglycinelysinemagnesiummeglumineolaminepotassiumsodiumtromethamine 

andzincsalts.Hemi-saltsofacidsandbasessuchashemisulphateandhemicalciumsaltsalso 

canbeformed.  
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toxicsalts.Illustrativealbeitnonlimitingexamplesincludetheacetateaspartatebenzoate,
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101931Thecompoundscanbeformulatedaspharmaceuticalcompositionsandadministeredtoa 

mammalianhostsuchasahumanpatientinavarietyofformsadaptedtothechosenrouteof 

administration.Forexamplethepharmaceuticalcompositioncanbeformulatedforand 

administered via intraosseous, intravenous, intraarterial, intraperitoneal, intracranial 

intramusculartopicalinhalationand/orsubcutaneousroutes.Inatleastoneembodimenta 

compoundand/orcompositioncanbeadministereddirectly(viainjectionplacementorotherwise) 

toadefectcavityintheimpairedbonetissueand/oratafracturesite.Inatleastoneembodiment, 

thecompoundscanbesystemicallyadministeredincombinationwithapharmaceutically 

acceptablevehiclesuchasaninertdiluentoranassimilableediblecarder.Fororaltherapeutic 

administrationtheactivecompoundcanbecombinedwithoneormoreexcipientsandusedin 

theformofingestibletabletsbuccaltabletstrochescapsuleselixirssuspensionssyrupswafers, 

andthelike.Thepercentageofthecompositionsandpreparationscanvaryandmaybebetween 

about1toabout990oweightoftheactiveingredient(s)andabinderexcipientsadisintegrating 

agentalubricantand/orasweeteningagent(asareknownintheart).Theamountofactive 

compoundinsuchtherapeuticallyusefulcompositionsissuchthataneffectivedosagelevelwill 

obtained.  

101941Thepreparationofparenteralcompounds/compositionsundersterileconditionsfor 

examplebylyophilizationcanreadilybeaccomplishedusingstandardpharmaceutical 

techniqueswell-knowntothoseskilledintheart.Inatleastoneembodimentthesolubilityofa 

compoundusedinthepreparationofaparenteralcompositioncanbeincreasedbytheuseof 

appropriateformulationtechniquessuchastheincorporationofsolubility-enhancingagents.  

orinjection(e.g., usingneedle(includingmicroneedle)injectorsand/orneedle-freeinjectors).  

Solutionsoftheactivecompositioncanbeaqueousoptionallymixedwithanontoxicsurfactant 

and/orcontaincarnersorexcipientssuchassaltscarbohydratesandbufferingagents(preferably 

atapHoffrom3to9),butforsomeapplicationstheymaybemoresuitablyformulatedasa 

sterilenon-aqueoussolutionorasadriedformtobeusedinconjunctionwithasuitablevehicle, 

suchassterilepyrogen-freewaterorphosphate-bufferedsaline.Forexampledispersionscanbe 

preparedinglycerolliquidPEGstriacetinandmixturesthereofandinoils.Underordinary 

conditionsofstorageandusethesepreparationscanfurthercontainapreservativetopreventthe 

growthofmicroorganisms.  

101961Thepharmaceuticaldosageformssuitableforinjectionorinfusioncanincludesterile 

aqueoussolutionsordispersionsorsterilepowderscomprisingtheactiveingredientsthatare 

adaptedfortheextemporaneouspreparationofsterileinjectableorinfusiblesolutionsor 

28 
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dispersionsoptionallyencapsulatedinliposomes.Inallcasestheultimatedosageformshould 

besterilefluidandstableundertheconditionsofmanufactureandstorage.Theliquidcarrieror 

vehiclecanbeasolventorliquiddispersionmediumcomprisingforexampleandwithout 

limitationwaterethanolapolyol(e.g., glycerolpropyleneglycol, liquidPEG(s),andthelike), 

vegetableoilsnontoxicglycerylesters and/orsuitablemixturesthereofInatleastone 

embodimenttheproperfluiditycanbemaintainedbytheformationofliposomesbythe 

maintenanceoftherequiredparticlesizeinthecaseofdispersionsorbytheuseofsurfactants.  

Theactionofmicroorganismscanbepreventedbytheadditionofvariousantibacterialand 

antifungalagentssuchasparabenschlorobutanolphenolsorbicacidthimerosalandthelike.  

Incertaincasesitcanbedesirabletoincludeoneormoreisotonicagentssuchassugarsbuffers, 

orsodiumchloride.Prolongedabsorptionoftheinjectablecompositionscanbebroughtaboutby 

theincorporationofagentsformulatedtodelayabsorptionforexamplealuminummonostearate 

and 4 

gelatin.  
101971Sterileinjectableorinfusiblesolutionscanbepreparedbyincorporatingtheactive 

compoundand/orcompositionintherequiredamountoftheappropriatesolventwithoneormore 

oftheotheringredientssetforthaboveas requiredfollowedbyfiltersterilization.Inthecaseof 

sterilepowdersforthepreparationofsterileinjectablesolutionsthepreferredmethodsof 

preparationsarevacuumdiyingandfreeze-dryingwhichyieldapowderoftheactiveingredient 

plusanyadditionaldesiredingredientpresentinthepreviouslysterile-filteredsolutions.  

101981Fortopicaladministrationitcanbedesirabletoadministerthecompoundstotheboneas 

compositionsorformulationsincombinationwithanacceptablecarrierwhichmaybeasolida 

wateralcoholsorglycolsorwater-alcohol/glycolblendsinwhichthecompoundscanbe 

dissolvedordispersedateffectivelevelsoptionallywiththeaidofnon-toxicsurfactants.  

Additionallyoralternativelyadjuvantssuchasantimicrobialagentscanbeaddedtooptimize 

thepropertiesforagivenuse.Theresultantliquidcompositionscanbeappliedfromabsorbent 

padsusedtoimpregnatebandagesand/orotherdressingssprayedontothetargetedareausing 

pump-typeoraerosolsprayersorsimplyapplieddirectlytoadesiredareaofthesubject(e.g., a 

fracturesite).  

101991Thickenerssuchassyntheticpolymersfattyacidsfattyacidsaltsandestersfatty 

alcoholsmodifiedcellulosesormodifiedmineralmaterialscanalsobeemployedwithliquid 

carrierstoformspreadablepastesgelsointmentssoapsandthelikeforapplicationdirectlyto 

theskinofthesubject.  

29 

liquidoragelmatrix.Forexampleincertainembodimentsusefulliquidcarrierscancomprise
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102001Asusedhereintheterm"therapeuticallyeffectivedosemeans(unlessspecificallystated 

otherwise)aquantityofacompoundwhichwhenadministeredeitheronetimeoroverthecourse 

ofatreatmentcycleaffectsthehealthwell-beingormortalityofasubject(e.g., andwithout 

limitationsupportsorpromotesthehealingofbonefracturesorbonegrowth).  

102011Insomeembodimentsthetherapeuticallyeffectiveamountofanycompoundor 

pharmaceuticalcompositionprovidedhereinisdeterminedinaccordancewithmethodsknownin 

theart(e.g., animalmodelshumandataandhumandataforcompoundsthatexhibitsimilar 

pharmacologicalactivities).Usefuldosagesofthecompoundscanbedeterminedbycomparing 

theirinvitroactivityandthein Uvivoactivityinanimalmodels.Methodsoftheextrapolationof 

effectivedosagesinmiceandotheranimalstohumansubjectsareknownintheart.Indeedthe 

dosageofthecompoundcanvarysignificantlydependingontheconditionofthehostsubjectthe 

bonefracturebeingtreatedtherouteofadministrationofthecompoundandtissuedistribution, 

andthepossibilityofco-usageofothertherapeutictreatments(forexampleinconjunctionwith 

theadministrationofotherinjectablecompositionsforpromotingbonegrowthsuchasgrowth 

factorsstemcellsnaturalgraftsbiologic-andsynthetic-basedtissue-engineeredscaffoldsand 

thelikehardwareimplantationand/orultrasoundtherapiesandthelikesand/orinconjunction 

withtheadministrationofothertherapeuticssuchasforexampleinsulin).Insomeembodiments, 

thetherapeuticallyeffectiveamountofanycompoundorpharmaceuticalcompositionprovided 

hereinisdeterminedbytakingintoconsiderationforexamplethepotencyofXofFormula(I) 

(e.g., thetypeofanabolicagentemployed),bodyweightmodeofadministration(e.g., 

subcutaneously),diseaseorconditionbeingtreateddiseaseorconditionitsseveritythelikeor 

therapeuticallyeffectiveamountordose)willvarynotonlywiththeparticularapplicationbut 

alsowiththesaltselected(ifapplicable)andthecharacteristicsofthesubject(suchasfor 

exampleageconditionsexthesubject'sbodysurfaceareaand/ormasstolerancetodrugs)and 

willultimatelybeatthediscretionoftheattendantphysicianclinicianorotherwise.  

102021Insomeembodimentsthetherapeuticallyeffectiveamountofanycompoundor 

pharmaceuticalcompositionprovidedhereinisfromabout0.01mg/kg/dayuptoabout1,000 

mg/kg/day.Forexampletherapeuticallyeffectiveamountsordosescanrangefromabout0.05 

mg/kgofpatientbodyweighttoabout30.0mg/kgofpatientbodyweightorfromabout0.01 

mg/kgofpatientbodyweighttoabout5.0mg/kgofpatientbodyweightincludingbutnotlimited 

to,0.01mg/kg,0.02mg/kg,0.03mg/kg,0.04mg/kg,0.05mg/kg,0.1mg/kg,0.2mg/kg,0.3 

mg/kg,0.4mg/kg,0.5mg/kg,1.0mg/kg,1.5mg/kg,2.0mg/kg,2.5mg/kg,3.0mg/kg,3.5mg/kg, 

4.0mg/kg,4.5mg/kgand5.0mg/kgallofwhicharekgofpatientbodyweight.Intravenous 
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anycombinationthereofTheamountofthecompositionrequiredforuseintreatment(e.g., the
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dosescanbeseveralordersofmagnitudelower.Insomeembodimentsthecompoundthe 

therapeuticallyeffectiveamountofanycompoundorpharmaceuticalcompositionprovidedherein 

isadministered(e.g., subcutaneously)dailyweeklybi-weeklymonthlyorbi-monthly.  

102031Insomeembodimentsthetherapeuticallyeffectiveamountofanycompoundor 

pharmaceuticalcompositionprovidedhereinisadministeredin1to800doses.Incertain 

embodimentsthetherapeuticallyeffectiveamountofthecompoundorpharmaceutical 

compositionhasaconcentrationofcompoundofatorbetween0.01mg/kgofpatientbodyweight 

to1mg/kgofpatientbodyweight.  

102041Insomeembodimentsthetherapeuticallyeffectiveamount(e.g., administeredtothe 

individual)ofanycompoundorpharmaceuticalcompositionprovidedherein(e.g., SEQIDNO.  

1,SEQIDNO:2,SEQIDNO:3,SEQIDNO:4,etc.)isfromabout0.01mg/kg/dayuptoabout 

1,OOOmg/kg/day.Insomeembodimentsthetherapeuticallyeffectiveamount(e.g., administered 

totheindividual)ofanycompoundorpharmaceuticalcompositionprovidedherein(e.g., SEQID 

NO:1,SEQIDNO:2,SEQIDNO:3,SEQIDNO:4,etc.)isabout1~ig/dosetoabout10 

mg/dose.Insomeembodimentsthetherapeuticallyeffectiveamount(e.g., administeredtothe 

individual)ofanycompoundorpharmaceuticalcompositionprovidedherein(e.g., SEQIDNO.  

1,SEQIDNO:2,SEQIDNO:3,SEQIDNO:4,etc.)isabout50pg/dosetoabout5mg/dose.  

Insomeembodimentsthetherapeuticallyeffectiveamount(e.g., administeredtotheindividual) 

ofanycompoundorpharmaceuticalcompositionprovidedherein(e.g., SEQIDNO:1,SEQID 

NO:2,SEQIDNO:3,SEQIDNO:4,etc.)isabout0.01nmol/kg/dosetoabout10ng/kg/dose.  

Insomeembodimentsthetherapeuticallyeffectiveamount(e.g., administeredtotheindividual) 

NO:2,SEQIDNO:3SEQIDNO:4,etc.)isabout0.1nmol/kg/dosetoabout5ng/kg/dose.  

102051Thetotaltherapeuticallyeffectiveamountofthecompoundcanbeadministeredinsingle 

ordivideddosesandcanatthepractitionersdiscretionfalloutsideofthetypicalrangegiven 

herein.Insomeembodimentsatherapeuticallyeffectiveamountofanycompoundor 

pharmaceuticalcompositionprovidedhereinisadministeredonceortwiceweekly.Insome 

embodimentsatherapeuticallyeffectiveamountofanycompoundorpharmaceuticalcomposition 

providedhereinisadministeredonceweekly.Insomeembodimentsatherapeuticallyeffective 

amountofanycompoundorpharmaceuticalcompositionprovidedhereinisadministeredtwice 

weekly.  

102061TheeffectiveamountofanX-Y-Zconjugatesuchasapharmaceuticalcomposition 

comprisinganeffectiveamountoftheconjugatecanbeadministeredbyanysuitableroute.An 
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ofanycompoundorpharmaceuticalcompositionprovidedherein(e.g., SEQIDNO:1,SEQID



WO2022/093373 PCT/IJS20211047824 

exampleofasuitablerouteisbyinjectionsuchassubcutaneousinjection.Otherexamplesof 

suitableroutesareparenterallyandenterally.  

102071Methods ofTreatment 

102081Providedinsomeembodimentshereinaremethodsoftreatingabonefracture(e.g., inan 

individualinneedthereof)usingthecompoundsand/orcompositionsprovided.Thecompounds, 

compositionsandmethodscanleveragestrategiesto(e.g., selectively)targetthefracturesiteto 

preventoff-targeteffectsoftheanabolicagentspresentwithinthecompoundsorcompositions.  

102091Insomeembodimentsamethodoftreatingabonefractureinapatient(e.g., indeed 

thereof)comprisesadministering(e.g., subcutaneously)tothepatientatherapeuticallyeffective 

amountofacompound(e.g., havingastructureofFormula(I))orapharmaceuticalcomposition 

providedhereintherebytreatingthebonefractureinthepatient.Insomeembodiments, 

administrationofthetherapeuticallyeffectiveamountofthecompoundorpharmaceutical 

compositionprovidedhereinresultsinareductionofpaininthepatientwithin2-3weeks 

followingadministration.Insomeembodimentsadministrationofthetherapeuticallyeffective 

amountofthecompoundorpharmaceuticalcompositionprovidedhereinresultsinareductionof 

paininthepatientwithin3weeksfollowingadministration.Insomeembodimentsthepatient 

(e.g., inneedthereof)issusceptibletoabonefracture.Forexamplethepatientcanhaveoneor 

morecomorbiditiesselectedfromthegroupconsistingofmellitusosteoporosisamaxillofacial 

injury(e.g., amaxillofacialfracture),amaxillofacialdeficiencyandamaxillofacialdefect.  

102101Methodsforpromotingbonegrowthinapatient(e.g., inneedthereof)arealsoprovided.  

Insomeembodimentssuchmethodscompriseadministering(e.g., subcutaneously)tothepatient 

pharmaceuticalcompositionprovidedhereintherebyincreasingabonemineraldensityinabone 

ofthepatientascomparedtopre-treatment.Insomeembodimentstheincreasedbonemineral 

densityintheboneoccursatafracturesite.Insomeembodimentstheincreasedbonemineral 

densityintheboneoccursatoneormoreresorptionpits(e.g., wherethepatientisexperiencing 

osteoporosis)presentinthebonepriortotheadministeringstep.  

102111Insomeembodimentsthepatienthasdiabetesmellitus.Insomeembodimentsthepatient 

hasdiabetesmellitusandXisabaloparatide(SEQIDNO:2),SEQIDNO:7,SEQIDNO:8(a 

conjugatewith10glutamicacidresidues),aderivative(e.g., oneormoreaminoacidmutations, 

suchasinsertionsdeletionsandsubstitutionswithanaturallyoccurringaminoacidoranon

naturallyoccumngaminoacid)thereofhavingboneanabolicactivityorafragmentthereof 

havingboneanabolicactivity.  
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102121Insomeembodimentsthepatienthasosteoporosis.Insomeembodimentsthepatienthas 

osteoporosisandXofFormula(I)isaparathyroidhormoneaderivative(e.g., oneormoreamino 

acidmutationssuchasinsertionsdeletionsandsubstitutionswithanaturallyoccurringamino 

acidoranon-naturallyoccurringaminoacid)thereofhavingboneanabolicactivityorafragment 

thereofhavingboneanabolicactivity.  

102131Insomeembodimentsthepatienthasamaxillofacialinjurysuchasforexamplea 

microplatestabilizedmandibularosteotomy(i.e.amaxillofacialfracture).Thepatientcanhavea 

defectfilledwithabonegraft(e.g., osseointegration),aprostheticimplant(e.g., platescrew 

and/orosseointegration),ora physician-inducedbonedefect(e.g., mandibularosteotomycranial 

defectoradefectwithgraft).Insomeembodimentsthepatienthasamaxillofacialdeficiency.  

102141Insomeembodimentsthemethodcanfurthercompriseadministeringasecondtherapyto 

thepatientfortreatingthebonefracture(e.g., painmedicationbonegraftsimplants(e.g., mesh), 

growthhormoneandthelike)oroneormorecomorbiditiesofthepatient.Insomeembodiments 

wherethepatienthasatleastdiabetesmellitusadministenngthesecondtherapycancomprise 

administeringatherapeuticallyeffectiveamountofinsulintothepatient.Insomeembodiments 

wherethepatientsuffersfromatleastabonefractureadministeringthesecondtherapycan 

compnseimplantationofhardware(e.g., meshorpins)oroneormoretherapeuticcompoundsat 

abonefracturesite.  

102151AsshowninFig.2Ainsomeembodimentswhenadministeredthetargetingligandsof 

certaincompoundsprovidedherein(e.g., whereZofFormula(I)compriseshydroxyapatite 

targetingligands)canaccumulatewithdifferentspecificitiesatthefemurfracturesite(seeFig.  

acidicoligopeptideconsistingofeightL-asparticacids)labeledwith' 2 5 1-tyrosineandinjected 

intravenouslyintofracture-bearingmiceaccumulatewithdifferentspecificitiesatthefemur 

fracturesite(Fig.2B).Insomeembodimentstheselectivityratioof' 2 5 1-labeledtetracyclinein 

thefracturedtohealthyfemuris2.6,whichissignificantbecauseitsupportsthedevelopmentof 

adrugthatelicitsitsanaboliceffectprimarilyatthefracturesiteinsteadofthroughouttheskeleton.  

102161Insomeembodimentsthefractured-to-healthyratiocontinuouslyincreasesasthe 

tetracyclineligand(ZofFormula(I))wasexchangedforalendronatepolyphosphateand/oran 

acidicocta-asparticacid.Insomeinstancesocta-asparticacidhasthehighestspecificity(e.g., of 

theligandstested)forfracturedoverhealthybonewithaselectivityratioof11.2.Insome 

instancestetracyclinehasthehighestspecificity(e.g., oftheligandstestedforZofFormula(I)) 

forfracturedoverhealthybonewithaselectivityratio.  
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102171Insomeinstancesmono-bisphosphonateandpolyphosphateexhibitreducedspecificity 

forfracturedbone.Insomeinstancesmono-bisphosphonateandpolyphosphatepeptide-targeting 

abilitiesarecomparedwithmorespecificosteotropicligands.InsomeinstancesaN-terminal34 

aminoacidsofPTHrP(SEQIDNO:1)islabeledwith1251andtetheredtoamono-bisphosphonate 

(e.g., alendronate),atri-bisphosphonate(e.g., comprisingofthreealendronatesattachedtoa 

centralhub(Fig.12)),apolyphosphate(e.g., consistingof45phosphatesconnectedbyanhydride 

linkages),oradeca-asparticacid(e.g., similartotheocta-asparticaciddescribedherein).For 

examplethebiodistributionoftargetedSEQIDNO:1isshowninFig.3Awhichisagraphof 

tissuevs.percentinjecteddose/g.  

102181Insomeinstancesthemono-bisphosphonate(e.g., alendronate)asthetargetingligand 

(e.g., ZofFormula(I))enablesdeliveryofan(e.g., moderate)amountof 1 2 5 jrn.SEQIDNO:1(1

34)tothefracturesite.Insomeinstancesthemono-bisphosphonate(e.g., alendronate)asthe 

targetingligand(e.g., ZofFormula(I))hasaspecificityofabout2:1forbrokenboneoverhealthy 

bone(Fig.3C).ProvidedinsomeinstanceshereinsuchasforexampleFig.3C(e.g., agraphof 

conjugatevs.fractured/healthyfemursratio),istheselectivityratioofthefracturecallusandthe 

contralateralhealthyfemurtargetedwithacompoundorcompositiondescribedherein(e.g., SEQ 

IDNO:1).  

102191Insomeinstancesprovidedhereinisacompound(e.g., ligand)comprisingoneormore 

alendronate(e.g., atleastonealendronateatleasttwoalendronateatleastthreealendronateor 

more).Insomeinstancesacompoundprovidedherein(e.g., comprisingthreealendronates)has 

diminishedfracturetargeting.Insomeinstancesacompoundprovidedherein(e.g., a 

only1550oofinjecteddrugbeingpresentonthefracturesurface24hourslater).Insome 

instancesacompoundprovidedherein(e.g., anAOP(e.g., comprisedof10asparticacids))hasa 

(e.g., high)specificdeliverytothefracturedbone(e.g., with3. 5timesmorespecificityforthe 

fractureandaccumulationinthefracturethanmono-bisphosphonates(Fig.3B).Providedinsome 

instanceshereinsuchasforexampleFig.3B(e.g., agraphofconjugatevs.percentinjected 

dose/g),isthebonefractureaccumulationoftargetedcompound(e.g., SEQIDNO:1)andfree 

compound(e.g., SEQIDNO:1)inthefracture(e.g., femursofmice24hourspost-injection).  

102201Insomeinstances anAOPdescribedhereindeliversanattachedanabolicpeptide 

describedherein(e.g., XofFormula(I))toafracturesurface.Insomeinstances,(1)chemical 

characteristicsofpayload,(2)AOPsidechainstructure,(3)AOPlength,(4)AOPbranching, 

and/or(5)AOPstabilityaffectstheabilityofanAOPtodeliveranattachedanabolicpeptidetoa 

fracturesurface.  
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102211Insomeinstancesthecharactensticsofatherapeuticpayloaddescribedherein(e.g., size, 

chargeandhydrophobicity)mayaffectanattachedAOPtoconcentrate(e.g., theactivedrug;e.g., 

xofFormula(I))atafracturesite.InsomeinstancesCK2.3(e.g., acationicpeptidewithanet 

chargeof+5),osteopontin-derivedpeptide(ODP)(e.g., ananionicpeptidewithanetchargeof

3),orchemotacticcrypticpeptide(CTC)(e.g., aneutralpeptidewithanetchargeof0)isthe 

therapeuticpayload. InsomeinstancesP4(e.g., ahydrophobicpeptidewithahydrophobicity 

index(GRAVY)of0.49)isthetherapeuticpayload.InsomeinstancesF109(e.g.,havingachain 

lengthof9aminoacids)orcaseinkinase2.3peptide(CK2.3)(e.g.,havingachainlengthof39 

and30aminoacids).InsomeinstancesthetherapeuticpayloadisprovidedinTable1.Insome 

instancestheboneanabolicpeptideisattachedtoL-Aspioradiolabeledwithiodogen125j(e.g., 

andinjectedintomicewithfracturedfemursandallowedtocirculatefor18hoursbefore 

evaluationfortissuebiodistribution).  

Table 
E..E..E..E..E..E..E..E..E..E..E..E..E..E..E..E..E..E..E..E..E..E..E..E.. .. E..E..E..E..E..E..E..E..E..E..E..E..E..E.  

UU UUUUUUU UWUU UUUUU UUUUUU UUUUUUU UUUUUUUUUUUUUUUUUUUUUUUUUUUUU U 0 UUUUUUUUUUUUUUUUUUUU UUUU rU U U U U..... EU 

UUU UtU UU U U U UUUUUUUUUUUUUUUUUUUUUUUUUUUUU UUU U U U U U U U UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 

UUU SS U U UUUUUUUUUUUUUUUUUUUUUUUUUUU UU U SU~U SUUU UUS~ UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 
UUU UrU SEUUUU U UUUUUUUUUUUUUUUUUUUUUUUUUUU UU U*UaUJ%~aUAW*U ~UEUSU WPUUU USSUe EU7U.~ U UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 

UU U~UUr UU UUU ~U~ff UUUUUUUUUUUUUUUUUUUUUUUUUUUU UU SU~~fW~WUE UUEUUUP UUUUU UU UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 
UU U~~fl JVWUA~ UU UUUUUUUUUUUUUUUUUUUUUUUUUUUU UUUmm Wfl S~UUUU UU UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UUU'Pi~U~'C~ UUUUUU flUWrU~UUUUU UUUUUUUUUUUUUUUUUUUUUUUUUUU UU ETb~t rUm VCUUrU UUP~ UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 
UU UU ~.WWU UUUUUUUUUUUUUUUUUUUUUUUUUUUU U ~UUUU ThWfl~WWU U U U UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 

UUUUUUUUU UUUUUUUUUUUUUUUUUU UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UUUUUUUUU UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UUUUUUUUUU UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UUU UUUUUUUUUU UUUUUU UUU UUUUUU 

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UUU fl UUUUUU U U U - U UUUU UU UUUUU 
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UU UU 
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UU U UUUUUUUUUU N UUUUUU UU U UUUUUU 

Utf~P~I U U U U ~.UUUU U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U U 
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UU rrU~a 
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UU 

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 

.... hepa*C'22.'.*.¾'nfl.W$~. '.W2.W . . . . :KR..flR~:.V¶~ftE:~~[S.::.**.. *. IELI~4EE~2~t~~. . . . . .  
~....................................................................................................................................................................................................................................................................................  

...................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................  

...................................................................................................................................................................................  .P~X. .~I:~t x~pJ.:.j..JfjJ\j:.:3...  ...P>1.:.i..~...........TI.....  
.................................................................................................................II~~t.:g.....  ....~WY..................................  

'U................................  

.. ~CyCILS~:I#ec~~:i~ ~.tJU..~ 

....................................................................................... g~; 

. . . . <IA . . . .~J:3y:2:::2:J:J::E:E]:%j~:2.E~LE:E:j:E~:: 
.~...  

J..flC ...................................................................................... T~E~)..................................  
~:*:~:*:........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................  

.. ............................................................................................................................................................................................................................................................................................................................................................................... I~SLIJKDIJII~ 

p d 2 

P ll:i.~.  ................................. ~.  ..............I 

102221Providedhereinisagraphoftissuevs.percentinjecteddose/gwhichshowsthe 
biodistributionofsixdifferentradio-iodinatedpayloadscoupledto(L)Aspio24hourspost

injection(preparedinaccordancewithcertainembodimentshereof)intoND-4Swiss-Webster 

mice(n6)beringmidshaftfemurfractures10dayspost-fracture(e.g.Fig.4).Insomeinstances, 

thechemicalpropertiesofthepeptidesexertedlittleimpactontheabilityofL-Aspiototargetthem 

tofracturesurfaces(seeFig.4).Insomeinstancesthe39-aminoacidPACAPdifferedsomewhat 

fromtheotheranabolicpeptidesinfracturetargetability.Insomeinstancesneitherpayloadsize 

norothermajorchemical/physicalvariablesexertsaconsistentimpactonAOP-mediatedbone 
35 
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targeting(e.g., becauseapeptideofsimilarlength(CK2.3)displayednoreductioninfracture 

accumulation).Insomeinstancesotheranaboliccargoesseemtotargetsimilarly(e.g., suggesting 

thatanaftachedAOPmaydominatethebiodistributionofpeptidiccargoes).  

102231Toexploretheimpactofpeptidebranchingonpayloadtargetingtheabilitiesofacidic 

oligo-asparticacidsconstructedofeithertwochainsof5asparticacidseachorasinglelinear 

chainof10asparticacidstodelivertheCK2.3payloadtofracturesurfaceswerecompared.  

Providedhereinisagraphoftissuevs.percentinjecteddose/gresultingtherefrom(e.g., which 

showsthebiodistributionofradio-iodinatedCK2.3coupledtobranchedorlinearchainsof10(L) 

asparticacidsrelativetountargetedCK2.3)(e.g., Fig.5).Thebiodistributionsweredetermined 

18hourspost-injectionintoND-4Swiss-Webstermice(n5)bearingmidshaftfemurfractures10 

dayspost-fracture.AsshowninFig.5,insomeinstanceslinearpeptidesconcentrated2.7times 

betteronfracturesurfacesthanbranchedpeptides.MoreoversincenontargetedCK2.3displayed 

littleuptakeatthefracturesitenonspecifictrauma-mediateddepositionofCK2.3maybe 

dismissedasamajorcontributortotheaccumulationoftheacidicoligopeptideconjugateatthe 

fracturesite.  

102241InsomeinstancestheinteractionofanAOPdescribedhereinwithabonefracturesurface 

ismediatedbyitsinteractionwithexposedcalcium.Forexamplecalciumcanchelatewhenthe 

proximalanionicchargesareseparatedbyadistanceof8.6A.Recognizingthatthelengthsof 

theanionicsidechainsoftheAOPscoulddeterminethisseparationdistancebetweennegative 

chargesthetargetingabilitiesofasparticacidglutamicacidandaminoadipicacidwere 

comparedwheretheside-chaincarboxylsextendfromthepeptidebackbonebyonetwoand 

oligopeptidesidechains.  

102251InsomeinstancesFig.6showsagraphoftissuevs.percentinjecteddose/gram(e.g., 

whichshowsthebiodistributionofradio-iodinatedCK2.3coupledtolinearchainsof10(L) 

asparticacids,10(L)glutamicacidsor10(L)aminoadipicacidsrelativetountargetedCK2.3).  

Thebiodistributionsweredetermined18hourspost-injectionintoND-4Swiss-Webstermice 

(n5)bearingmidshaftfemurfractures10dayspost-fracture.Insomeinstancesdeca-glutamic 

anddeca-asparticacidsexhibitedthegreatestuptakeatthefracturesite(e.g., with6timesmore 

accumulationthanthenontargetedCk2.3andwithaminoadipicacidpromotingbonefracture 

retentionnotsignificantlydifferentfromnontargetedCk2.3)(Fig.6).InsomeinstancesanAOP 

comprisedofeitherglutamicorasparticacidsconstitutesapeptidewithoptimalchargeseparation 

forcalciumbinding(e.g., explainingthebranchedpeptide'sreductioninbinding).Thefactthat 

naturehasprimarilyselectedglutamicacidsforitscalciumbindingfunctionsinbone 
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mineralizationtogetherwiththerepeatedobservationthatthesynthesisofglutamicacid 

oligomersmaybemuchmoreefficientthanasparticacidoligomersduetounwantedformationof 

aspartamidespromptedfocusontheoptimizationoftheglutamicacidoligomersforbone 

fracture-targetingefforts.  

102261Toexploretheimpactofoligopeptidelengthonthefracture-targetingabilityofthe 

moleculetobeemployedasZofFormula(I),theabilitiesofoligo-glutamicacidsof10or20 

aminoacidlengthstodeliverthesameCK2.3cargotofracturedfemursurfaceswerecompared.  

Fig.7showsagraphoftissuevs.percentinjecteddose/gwhichshowsthebiodistributionof 

radio-iodinatedCK2.3coupledtolinearchainsof10or20(L)glutamicacidsrelativeto 

untargetedCK2.3.Thebiodistributionsweredetermined18hourspost-injection(e.g., intoND-4 

Swiss-Webstermice(n5)bearingmidshaftfemurfractures10dayspost-fracture).Insome 

instancesCK2.3tetheredtothelongeroligo-glutamicacidaccumulates(e.g., 3.3times)moreat 

thefracturesitethantheshorteroligo-glutamicacid.Whiletheaffinitiesofunconjugatedacidic 

oligopeptidesseemtomaximizeatchainlengthsofonly8aminoacids(seee.g., Sekidoetal 

"Noveldrugdeliveiysystemtoboneusingacidicoligopeptide:pharmacokineticcharacteristics 

andpharmacologicalpotential" doi.org/10.3109/10611860108997922(2001)),theobserved 

increasedaffinityofthe20-merover10-merobservedcouldhavearisenbecausemoreextensive 

bindingtohydroxyapatiteisrequiredtoretainapayloadofthesizeofCK2.3atthefracture 

surface.TheimprovedlocalizationoftheCK2.3payloadwiththe20-mermayalsobeinpartdue 

toarelativereductioninsterichinderancefromthepayloadonthetargetingligand.  

102271Studiesbyothergroupshavedemonstratedthatacidicoligopeptidesarenotreadilyorally 

Pharmaceutical 9Sci.70 189-200(2005));howeverinsomeinstancesfrequentinjection 
9 

discouragespatientcomplianceandthuscanbeproblematic.Providedinsomeinstancesherein 

isalong-lasting(e.g., injectable)formulation.Insomeinstancestheaffinitiesofacidic 

oligopeptidescomprisedofD-andL-antnoacidsforhydroxyapatiteharesimilar(Sekidoetal.  

(2001),stipra).Insomeinstancesalinearoligo-glutamatechaincomposedof(e.g., poorly

metabolizable)D-glutamicacids(e.g., ratherthanareadilydigestiblechaincomprisedofL

glutanhcacids)providedlongerdrugretentionatthefracturesurface.Insomeinstancesthe 

abilitiesoftheDandLenantiomersofglutamicacid20-merstoaccumulateandpersistatthe 

fracturesitewerecomparedherein.  

102281ForexampleFig.8showsagraphoftissuevs.percentinjecteddose/gwhichrepresents 

thebiodistributionofradio-iodinatedCK2.3coupledtolinearchainsof20L-orD-glutamicacids 

relativetountargetedCK2.3.Insomeinstancesthebiodistributionisdetermined18hourspost
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miection(e.g., 4 4 II 5) 

intoND-4Swiss-Webstermice( bearingmidshaftfemurfractures10days 

post-fracture).ForexampleasshowninFig.8,theDenantiomerof01u2oaccumulated4.7times 

morethantheLenantiomeratthefracturedfemurand91. 9timesasmuchasthenontargeted 

CK2.3.  

102291Insomeinstancesthefluorescentdye,50456,wasattachedtobothDanLenantiomers 

ofAspiopeptides(seeFig.9).Theaccumulationofthedifferentlylabeledenantiomericchains 

inbothfracturedandhealthycontralateralfemurswasquantified.  

102301Fig.9isagraphofhourspost-injectionvs.kgdye/mgtissuewhichshowsthe 

accumulationof50456(near-JRfluorophore)coupledtolinearchainsof10L-orD-asparticacids 

inND-4Swiss-Webster 4 

micebearingmidshaftfemurfractures10dayspost-fractureatdifferent 
timepoints 4 

post-injection.Insomeinstancestheaccumulationofthelabeledcompoundsinthe 
healthy(e.g., undamagedcontralateralfemur)andthebrokenfemurwerequantifiedastheamount 

oflabeleddyethatwasextractedfromdissolvedfemurspost-mortem.Forexampleasshovffiin 

Fig.9,theretentionhalf-lifeofAspiowasestimatedtobe~35hourswhereasthatof(D)Aspio 

wasprojectedtobeover100 . Insomeinstancesthedifferencewasslightlysmallerthan 

thatdetectedwithradiolabeledpeptidepayloadswhichmaybeduetotheshorterhalf-lifeofthe 

peptidepayloadsrelativetothefluorescentpayload.Insomeinstancestheenhancedstability 

resultedinprolongedclearancethroughthekidneysforexamplewhichmaybebecausethe 

slowlydegradableD-isomerreleasedmoreslowlyfromtheboneandothertissuesthantheL

isomer.  

102311InsomeinstancesDE2Odeliveredsignificantlymorecargotothefracturesitethan(e.g., 

oftargetingligandsvs.percentinjecteddose/gramwhichshowstheaccumulationinfractured 

femursofradio-iodinatedCK2.3coupledtodifferentacidicoligopeptidesrelativetountargeted 

CK2.3. Thebiodistributionwasdetermined18hourspost-injection(e.g., intoND-4Swiss

Webstermice(n5)bearingmidshaftfemurfractures10dayspost-fracture).Insomeinstances, 

theaccumulationofthelabeledcompoundsinthefracturedfemursarereportedasapercentof 

theinjecteddosepergramoftissue.  

102321InsomeinstancestovisuallycomparethebiodistributionsoftheDElOandDE2O 

oligopeptidessuchasforexamplesincetheimpactofextendingthetargetingligandwasgreater 

thanexpectedSPECT/CTimagingofbotholigopeptidesisperformedandtheirbiodistributions 

arevisuallyexamined. ForexampleFig. hAisasingle-photonemissioncomputer 

tomography/computedtomography(SPEC/CT)imageoftheTcchelatorEC2Ochelating99Tc 

linkedtoDE10acid(structureofBC2O(D)Gluiochelating99TcisshowninFig.1iD)andFig.  
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anyof)theothertargetingligandsprovidedherein(seeFig.10).ForexampleFig.10isagraph
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hRisaSPEC/CTimageoftheTechelatorEC2Ochelating99TclinkedtoDB2Oacid.Asshown 

inFigs.hAandliBbothacidicoligopeptidesyieldedhighlyresolvedimageswiththetargeted 

radio-imagingagentsalmostexclusivelyconcentratedatthefracturesite.Signaltovolumeratios 

weregreaterthan10-foldhigherinthefracturethaninotheradsorptionsitessuchasthegrowth 

plates.Stillinsomeinstancestheadsorptiontothegrowthplatesmaylimitpatientstoadults.  

102331Asecondbiodistributionanalysiswasalsoconducted.Fig.liCwhichisagraphoftissue 

vs.percentinjecteddose/gshowsthequantificationoftheaccumulationofthelabeledDEl0and 

DE2Ocompoundsinthedifferenttissuesasapercentofinjecteddosepergram(n10).The 

majorityofsignalwasobservedinthefracturecallusofthefemurandtraceconcentrationsof 

drugwereobservedatsitesofhighboneturnover.InsomeinstancesDElOandDE2Ohadsimilar 

specificitiesbutDE2Ohadalongerretentioninthebone.TheresultsshowninFig.liCarevery 

similartothoseinFig.10(i.e.,DE2Oaccumulating~5timesmoreefficientlyatthefracturesite 

thanDElO).AccordinglyinthestudiesdescribedhereimDE2Oexhibitedthegreatestfracture

targetingcapacityofallligandstestedhereinandtheDB2Ooligopeptidedisplayedthegreatest 

selectivityforfracturesites(e.g., ofalltargetingligandstestedherein).  

102341Thefracturehealingefficacyofthetargetedanaboliccompoundshereofwasalsotested 

invivoinmunnesubjectsexpenencingtypeIdiabetes.Fig.13showsagraphoftheagentstested 

(compoundscomprisingSEQIDNO:3,5,6,or7ascomparedtosalineandinsulin(controls)) 

vs.bonevolume(By).TheseresultssupporttheinvivotypeIdiabeticfracturehealingefficacy 

oftargetedanabolicconjugatesonmaleIGS-1fracture-bearingmice(n10)afterfourweekswas 

higherthan(i.e.moretherapeuticallyeffectivethan)thecontrols\.  

ascomparedtosalineandinsulin(controls))vs.bonevolume/totalvolume(By/TV).Theseresults 

displaytheinvivotypeIdiabeticfracturehealingefficacyoftargetedanabolicconjugatesonmale 

105-1fracture-bearingmice(n10)afterfourweeks.  

102361Fig.15showsisagraphofagentstested(compoundscomprisingSEQIDNO:3,5,6,or 

7ascomparedtosalineandinsulin(controls))vs.maxload(N),whichshowsthein U 

ViTOtypeI 
diabeticfracturehealingefficacyoftargetedanabolicconjugatesonmale105-1fracture-bearing 

mice(n10)afterfourweeks.Insomeinstancesmaxloadrepresentsthemaximumforcethe 

healedfemurwithstoodbeforeitrefracturedinapost-mortemfour-pointbendanalysis.Insome 

instancesmaxloadisameasureofhowstrongtheboneisatthesiteoffracturerepair.  

102371Fig.16showsagraphofagentstested(compoundscomprisingSEQIDNO:3,5,6,or7 

ascomparedtosalineandinsulin(controls))vs.worktofracture(mJ),whichshowstheinvivo 

typeIdiabeticfracturehealingefficacyoftargetedanabolicconjugatesonmale105-1fracture
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102351Fig.14showsagraphofagentstested(compoundscomprisingSEQIDNO:3,5,6,or7
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bearingmice(n10)afterfourweeks.Insomeinstancesworktofracturerepresentsthetotal 

amountofenergyabsorbedbythehealedfemurbeforeitrefracturedinapost-mortemfour-point 

bendanalysis.Insomeinstancesworktofractureisameasureofhowstrongtheboneisatthe 

siteoffracturerepair.  

102381Fig.17isagraphofagentstested(compoundscomprisingSEQIDNO:3,5,6,or7as 

comparedtosalineandinsulin(controls))vs.post-yielddisplacement(mm),whichshowsthein 

vivotypeIdiabeticfracturehealingefficacyoftargetedanabolicconjugatesonmalelOS-i 

fracture-bearingmice(n10)afterfourweeks.Herepost-yielddisplacementisameasureofhow 

brittleaboneis(e.g., diabetestypicallymakesthebonemorebrittle).Insomeinstancesa 

compoundprovidedhereinreducedthebrittlenessofbone(e.g., Fig.17).  

102391 Fig.18isagraphofdaysvs.bloodsugar(mg/dl),whichshowstheaveragebloodsugar 

levelsofthetypeIdiabeticmiceduringthefour-weektreatmentperiodofcompoundscomprising 

SEQIDNO:3,5,6,or7(andtheinsulinandsalinecontrols).Insomeinstanceslongitudinal 

trackingofbloodsugarofthedifferenttreatedgroupsshowedthatonlyinsulinhadasignificant 

impactonhyperglycemiasuchasforexamplesuggestingthattheeffectofacompoundprovided 

hereinisnotthroughbloodsugarmetabolism.Insomeinstancestheattachmentofatargeting 

ligandtoSEQIDNO:5'sC-terminusinterfereswithSEQIDNO:5'sglucose-modulatingeffects.  

Insomeinstancesthemicro-CTscansofthecallusillustratedthatallthetreatmentsexceptfor 

SEQIDNO:7favoredanendochondralossification.  

102401Fig.19isagraphofdaysvs.average00changeinbodymasswhichshowsthemean 

weightchangeforthetypeIdiabeticfracturemicetreatedgroupsthroughouttreatment.Insome 

anagentcomprisingSEQIDNO:6(atargetedconjugateofdasatinib(e.g., D10-ester-dasatinib)), 

forexamplewhichexhibitedsometoxicityathigherdoses.InsomeinstancesSEQIDNO:6 

improvedstrengthwithoutimprovingthecallusmineralization(e.g., whichmaybeduetoits 

senolyticeffects).  

[0241JAccordinglyinsomeinstancesacompoundprovidedhereinisnon-toxic(e.g., regarding 

grossweightchanges).Furthermoreadministrationofacompoundprovidedhereincanimprove 

mineralizationandstrength(e.g., eventhoughthehyperglycemicstatewasnotcontrolledforin 

anygroupexceptfortheinsulin-treatedgroup).Insomeinstanceshyperglycemiaistoxictostem 

cells.  

[0242JIncertainembodimentsinsulinisadministeredwiththecompoundsandcompositions 

providedherein.AssupportedbythedatashowninFigs.20A-22Cthecompoundshereofcan 

significantlyimprovehealingrelativetothegrouptreatedwithonlyinsulin.  
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instancesthesalinemicelostweight(asisexpectedwithdiabetes),asdidthemicetreatedwith
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102431Fig.20Ashowsagraphofagentshereof(comprisingSEQIDNO:4,8,or9)testedas 

comparedtosalineandinsulin(controls)vs.bonevolumewhichshowtheinvivotypeIdiabetic 

fracturehealingefficacyoftargetedanabolicconjugatesonmalelOS-ifracture-bearingmice 

(n10)afterfourweeks.AsshowninFig.20Abonevolumerepresentsthebonevolumeofthe 

100thickestmicro-CTslidesofthefracturecallusandisameasureofhowmuchbonehas 

mineralizedatthesiteoffracturerepair.Fig.20Bisagraphofsuchagentstested(ascompared 

tosalineandinsulinascontrols)vs.bonevolume/totalvolume(By/TV),whichshowtheinvivo 

typeIdiabeticfracturehealingefficacyoftargetedanabolicconjugatesonmalelOS-ifracture

bearingmice(n10)afterfourweeks.HereBV/TVrepresentsthebonevolumedividedbytotal 

volumeofthe100thickestmicro-CTslidesofthefracturecallusandisameasureofhowdense 

theboneisatthesiteoffracturerepair.  

102441InsomeinstancesasshowninFigs.20Aand20Bthecompoundsprovidedherein 

improvedmineralizationofthecallus(e.g., ascomparedtotreatmentwithinsulinalone).Insome 

instancessuchcompoundsincreasedfracturecallusdensity(e.g., moresothaninsulinalone).  

102451Fig.21Aisagraphofagents(e.g., SEQIDNO:4,8,or9)testedinconjunctionwith 

insulinadministration(comparedtosalineandinsulinalone)vs.trabecularthicknesswhich 

showstheinvivotypeIdiabeticfracturehealingefficacyoftargetedanabolicconjugatesonmale 

JGS-1fracture-bearingmice(n10)afterfourweeks.Fig.21Bisagraphofagents(e.g.SEQID 

NO:4,8,or9)testedinconjunctionwithwithinsulinadministration(comparedtosalineand 

insulinalone)vs.trabecularspacingwhichshowstheinvivotypeIdiabeticfracturehealing 

efficacyoftargetedanabolicconjugatesonmalelOS-ifracture-bearingmice(n10)afterfour 

102461Fig.22Aisagraphofagents(e.g., SEQIDNO:4,8,or9)testedwithinsulin(compared 

tosalineandinsulinalone)vs.maximumforce(N),whichshowstheinvivofracturehealing 

efficacyoftargetedanabolicconjugatesonmale105-1fracture-bearingmice(n10)afterfour 

weeks.Heremaximumforcerepresentsthemaximumforcethehealedfemurwithstoodbefore 

itrefractured. Fig.22Bdisplaysagraphofagents(e.g., SEQIDNO:4,8,or9)testedin 

conjunctionwithinsulinadministration(comparedtosalineandinsulinalone)vs.worktofracture 

(mJ),whichshowstheinvivofracturehealingefficacyoftargetedanabolicconjugateonmale 

105-1fracture-bearingmice(n10)afterfourweeks.Worktofracturerepresentsthetotalamount 

ofenergyabsorbedbythehealedfemurbeforeitrefracturedandcanbeameasureofhowstrong 

theboneisatthesiteoffracturerepair.Fig.22Cisagraphofagents(e.g., SEQIDNO:4,8,or 

9)testedinconjunctionwithinsulinadministration(comparedtosalineandinsulinalone)vs.  

modulus(MPa),whichshowstheU 
111VIVOfracturehealingefficacyoftargetedanabolicconjugates 
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onmalelos-ifracture-bearingmice(n10)afterfourweeks.StiffnessisameasureofYoungs 

modulusofthehealedfemurinapostmortem4-pointbendanalysisandcanbeameasureofhow 

resistantaboneistodeformation.Insomeinstancesacompoundprovidedherein(comprising, 

forexampleabaloparatide(SEQIDNO:2whichiswithinSEQIDNO:3)andSEQIDNO:8) 

(e.g., significantly)improvesstrengthcomparedtotheinsulincontrol.Insomeinstancesa 

compoundprovidedherein(e.g., abaloparatide(SEQIDNO:2)andSEQIDNO:8)improves 

strengthandmineralizationmorethaninsulinalone.  

102471Insomeinstancesacompoundprovidedhereinimprovesthemineralizationanddensity 

ofthefracturecallus(e.g., relativetosaline(e.g., andmoresothanestrogenreplacement))(Figs.  

23A-B).  

102481Fig.23Aisagraphofagents(e.g., comprisingSEQIDNO:3,6,7,or10)testedvs.bone 

volumewhichshowstheinvivopostmenopausalosteoporoticfracturehealingefficacyof 

targetedanabolicconjugateonfemaleovariectomizedSwissWebsterfracture-bearingmice(n9) 

afterfourweeks.AsreferredtoinFIG.23Abonevolumerepresentsthebonevolumeofthe100 

thickestmicro-CTslicesofthefracturecallusandisameasureofhowmuchbonehasmineralized 

atthesiteoffracturerepair.Fig.23Bisagraphofagentstestedvs.bonevolume/totalvolume 

(By/TV),whichshowstheinvivopostmenopausalosteoporoticfracturehealingefficacyof 

targetedanabolicconjugateonfemaleovariectomizedSwissWebsterfracture-bearingmice(n9) 

afterfourweeks.InFig.23BBV/TVrepresentsthebonevolumedividedbytotalvolumeofthe 

100thickestmicro-CTslicesofthefracturecallusandisameasureofhowdensetheboneisat 

thesiteoffracturerepair.  

Figs.24A-C).  

102501Fig.24Aisagraphofagents(comprisingforexampleSEQIDNO:3,6,7or10)tested 

(ascomparedtosalineorestrogenascontrols)vs.maxload(N),whichshowstheinvivo 

postmenopausalosteoporosisfracturehealingefficacyoftargetedanabolicconjugateonfemale 

OvxSwissWebsterfracture-bearingmice(n9)afterfourweeks. InFig.24Amaxload 

representsthemaximumforcethehealedfemurwithstoodbeforeitrefractured.  

102511Fig.24Bisagraphofagents(comprisingforexampleSEQIDNO:3,6,7or10)tested 

(ascomparedtosalineorestrogenascontrols)vs.worktofracture(mJ),whichshowstheinvivo 

postmenopausalosteoporosisfracturehealingefficacyoftargetedanabolicconjugatesonfemale 

OvxSwissWebsterfracture-bearingmice(n9)afterfourweeks.InFig.24Bworktofracture 

representsameasureofhowstrongtheboneisatthesiteoffracturerepair.  
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102521Fig.24Cisagraphofagents(comprisingforexampleSEQIDNO:3,6,7or10)tested 

(ascomparedtosalineorestrogenascontrols)vs.stiffness(MPa),whichshowstheinvivo 

postmenopausalosteoporosisfracturehealingefficacyoftargetedanabolicconjugatesonfemale 

OVXSwissWebsterfracture-bearingmice(n9)afterfourweeks.InFig.24Cstiffnessisa 

measureofYoungsmodulusofthehealedfemurinapostmortem4-pointbendanalysisandcan 

beusedasameasureofhowresistantaboneistodeformation.  

102531Insomeinstancesacompoundprovidedherein(e.g., significantly)improvesthehealing 

offracturefemurs(e.g., inahypoestrogenicstatedescribedherein(e.g., farbetterthancontrolling 

thelossofestrogenwithestrogenreplacement).Insomeinstancesacompoundprovidedherein 

isadministeredtoosteoporoticpatientswithbonefractures.  

102541Fig.25isagraphofagents(comprisingforexampleSEQIDNO:3,6,7or10)tested 

(ascomparedtosalineorestrogenascontrols)vs.serumcalciumconcentration(mg/dl),which 

showstheeffectof21daysoftreatmentonserumcalciuminaSwissWebstermousewitha 

midshaftfemurfracturemodel.Insomeinstancesusingatargetedanabolicdescribedherein(e.g., 

asopposedtofreeanabolics)isbeneficialfortreatingbonefracturesuchasforexamplebecause 

targetedanabolicshereofcanlimittheeffectsontheregulationofcalciummetabolismthatoccurs 

inthekidneysforparathyroidhormones.  

102551InsomeinstanceselevatedaccumulationofSEQIDNO:4atthefracturesiteimproves 

fracturehealing(e.g., Figs.26-30).Insomeinstancesfemurfracturehealingtimesfollowing 

administrationofastartingdosecalculatedbyallometricscalingofthehumandoseprescribedfor 

abaloparatide(SEQIDNO:2)treatmentofosteoporosisarecompared.InsomeinstancesCT 

targetedabaloparatideisconcentratedontheperipheiyofthefracturewithminimaldensity 

bridgingtheopposingcalluses(seee.g., Fig.35).  

102561Insomeinstancessuchasforexamplefollowingthreeweeksoftherapywithatargeted 

abaloparatide(SEQIDNO:4),bonedensityisdistributed(e.g., more)evenlyacrossthefractured 

areasubsequenttoadministrationofacompoundprovidedherein(e.g., withtheoverallsizeof 

thecallusalsoexceedingthatintheabaloparatide-treatedmice).Bonemorphometricanalyses 

confirmeda1.5-foldincreaseintheratioofmineralizedvolume(bonevolumeBV)tototalbone 

volume(totalvolumeTV)intheSEQIDNO:4-treatedmice. Moredetailedmorphometric 

analysisfurtherrevealedthatthisincreaseinbonedensityisprimarilyduetoareductionin 

trabecularspacingratherthananincreaseintrabecularthicknessintheSEQIDNO:4-treated 

femurs.  

43 

imagesshowthatbonedepositionimagedthreeweeksafterinitiationoftreatmentwithnon-
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102571Insomeinstancessuchastoestablishwhethertheobservedincreaseinbonedeposition 

translatesintoanimprovementinmechanicalpropertiestheforcerequiredtobendthehealed 

femursuntiltheyfracturedagainwasmeasured.InsomeinstancestheSEQIDNO:4-treated 

fractures(e.g., ofmicewithmidshaftfemoralfactures)wereobservedtosustaina2.5-foldgreater 

maximumloadthanthefreeabaloparatide-treatedfemurs(Fig.32).  

102581InsomeinstancestheforcetofractureintheSEQIDNO:4-treatedmiceexceededthat 

requiredtofracturethecontralateralhealthyfemursinthesamemiceorsimilarunmodified 

femursinsaline-treatedmice.Thissuggeststherepairedfemursatthistimepointwere300~, 

strongerthantheoriginalunbrokenfemurs.Insomeinstancestheworktofracture(e.g.,insimilar 

mechanicalstudies)wasaveraged3.5-foldhigherintheSEQIDNO:4-treatedfemursthaninthe 

abaloparatide-treatedfemurs(Fig.33)ofmicewithmidshaftfemoralfactures.  

102591Takentogether these datademonstratethatD-01u2o-mediatedaccumulationof 

abaloparatideonafracturesurfacegreatlyfacilitatesthehealingprocessreturningfractured 

femurstofullmechanicalstrengthmorerapidlythanfemursinsalineorabaloparatide-treated 

mice.  

102601InsomeinstancesSEQIDNO:4ismoreeffective(e.g., atimprovingbonehealing)than 

SEQIDNO:3.  

102611WhileSEQIDNO:3,insomeinstancesisbetterthanabaloparatideitsclinicalrelevance 

maybedramaticallyimprovedifpatientsrequiredfewerdoses.Thelengthofthetargeting 

oligopeptidewasincreasedtodetermineifitincreasedthedrug'saffinityforbrokenbone 

sufficientlythatretentionoftheanabolicpayloadatthefracturesitewouldbeprolongedandless 

inspectionofCTscansrevealedthatmoreboneisdepositedatthreeweekspost-fractureinmice 

treatedwithtargetedabaloparatidevs.non-targetedabaloparatide.Whencomparingthemaximum 

loadachievedbeforebreakagebyabalode10vs.abalode20,thetrenddemonstrated 0 

greaterstrength.WheneachdrugwascomparedtosalineSEQIDNO:4wassignificantlyhigher, 

whereastheSEQIDNO:3lackedsignificancewhendosedeverythreedays.Theresultsare 

showninFig.34,whichisagraphoftreatment(salineSEQIDNO:3(0.1nmol/mg(0.lx),1 

nmol/mg(lx),and10nmol/mg(lOx),andSEQIDNO:4(0.1nmol/mg(0.lx),1nmol/mg(lx), 

and10nmol/mg(lOx))vs.maxload(N)ofmicewithmidshaftfemoralfactures.  

102621Allpatentspatentapplicationpublicationsjournalarticlestextbooksandother 

publicationsmentionedinthespecificationareindicativeofthelevelofskillofthoseintheartto 

whichthedisclosure 9 

pertains.Allsuchpublicationsareincorporatedhereinbyreferencetothe 
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frequentdosingmayberequired.Miceweredosesonceeverythreedaysratherthandaily.Visual
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sameextentasifeachindividualpublicationwerespecificallyandindividuallyindicatedtobe 

incorporatedbyreference.  

102631Whilecertainembodimentsofthepresentdisclosurehavebeenshownanddescribed 

hereinitwillbeapparenttothoseskilledintheartthatsuchembodimentsareprovidedbyway 

ofexampleonly.Itisnotintendedthattheclaimedinventionbelimitedbythespecificexamples 

providedwithinthespecification.  

102641Thedescriptionsandillustrationsoftheembodimentshereinarenotmeanttobeconstrued 

inalimitingsense.Numerousvariationschangesandsubstitutionswillnowoccurtothose 

skilledintheartwithoutdepartingfromtheinvention.Furthermoreitshallbeunderstoodthat 

allaspectsoftheinventionarenotlimitedtothespecificdepictionsconfigurationsorrelative 

proportionssetforthhereinwhichdependuponavarietyofconditionsandvariables.Itshould 

beunderstoodthatvariousalternativestotheembodimentsoftheinventiondescribedhereinmay 

beemployedinpracticingtheinvention.Itisthereforecontemplatedthattheinventionshallalso 

coveranysuchalternativesmodificationsvariationsorequivalents. Itisintendedthatthe 

followingclaimsdefinethescopeoftheinventionandthatmethodsandstructureswithinthe 

scopeoftheseclaimsandtheirequivalentsbecoveredthereby.  

102651Certain Definitions 

102661Asusedhereinandintheappendedclaimsthesingularforms,,a,'9 "and," and"the"include 

pluralreferentsunlessthecontextclearlydictatesotherwise.Thusforexamplereferencetoa 

compound"includesapluralityofsuchcompounds.Whenrangesareusedhereinforphysical 

combinationsandsub-combinationsofrangesandspecificembodimentsthereinareintendedto 

beincluded.Theterm"about" whenreferringtoanumberoranumericalrangemeansthatthe 

numberornumericalrangereferredtoisanapproximationwithinexperimentalvariability(or 

withinstatisticalexperimentalerror),andthusthenumberornumericalrangemayvarybetween 

1~oand150oofthestatednumberornumericalrange.Thetermcomprising"(andrelatedterms 

such comprise or comprises or"having"or,,including")isnotintendedtoexcludean 

embodimentofanycompoundcompositionmethodprocessorthelikethatmayconsistof'or 

consistessentiallyof'thedescribedfeatures.Theinventionillustrativelydescribedhereinmay 

besuitablypracticedintheabsenceofanyelement(s)orlimitation(s),whichis/arenotspecifically 

disclosed 4 

[0267J'Percent(0o)sequenceidentity"withrespecttoareferencetoasequenceisdefinedasthe 

percentageofaminoacidornucleicacidresiduesrespectivelyinacandidatesequencethatare 
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propertiessuchasmolecularweightorchemicalpropertiessuchaschemicalformulaeall
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identicalwiththeresiduesinthereferencesequenceafteraligningthesequencesandintroducing 

gapsifnecessarytoachievethemaximumpercentsequenceidentityandnotconsideringany 

conservativesubstitutionsaspartofthesequenceidentity.Alignmentforpurposesofdetermining 

percentsequenceidentitycanbeachievedinvariouswaysthatarewithintheskilloftheartfor 

instanceusingpubliclyavailablecomputersoftware.Forexampledeterminationofpercent 

identityorsimilaritybetweensequencescanbedoneforexamplebyusingtheGAPprogram 

(GeneticsComputerGroupsoftwarenowavailableviaAccelrysonhftp://www.accehys.com), 

andalignmentscanbedoneusingforexampletheClustalWalgorithm(VNTJsoftware, 

InforMaxInc.,GaithersburgMD).Furtherasequencedatabasecanbesearchedusingthenucleic 

acidoraminoacidsequenceofinterest.Algorithmsfordatabasesearchingaretypicallybasedon 

theBLASTsoftware(AltschuletaL,1990),butthoseskilledintheartcandetermineappropriate 

parametersforaligningsequencesincludinganyalgorithmsneededtoachievemaximal 

alignmentoverthefulllengthofthesequencesbeingcompared.Insomeembodimentsthepercent 

identitycanbedeterminedalongthefull-lengthofthenucleicacidoraminoacidsequence.  

102681Asdescribedhereincertaincompoundsofthepresentdisclosurecancontain"optionally 

substituted"moieties.Ingeneraltheterm"substituted" whetherprecededbytheterm 

optionally"ornotmeansthatoneormorehydrogensofthedesignatedmoietyarereplacedwith 

asuitablesubstituent.Unlessotherwiseindicatedan'Coptionallysubstituted"groupcanhavea 

suitablesubstituentateachsubstitutablepositionofthegroupandwhenmorethanoneposition 

inanygivenstructuremaybesubstitutedwithmorethanonesubstituentselectedfromaspecified 

groupthesubstituentcanbeeitherthesameordifferentateachposition.Combinationsof 

feasiblecompounds.  
C' 

102691Asusedhereinthetermspatient,""subject" and"individual"areusedinterchangeably.  
Noneofthetermsrequirethesupervisionofmedicalpersonnel.Forexampleadministeringtoan 

individualincludestheindividualadministeringthetherapeuticagenttothemselvesaswellasa 

medicalprofessionaladministeringthetherapeuticagenttotheindividual.  
'C 

102701Thetermradical"asusedhereinreferstoafragmentofamoleculewhereinthatfragment 
hasanopenvalencewhichisanattachmentpointforbondformation.Amonovalentradicalhas 

0 

oneopenvalencesuchthatitcanformonebondwithanotherchemicalgroup.Insome 
embodimentsaradicalofamolecule(e.g., aradicalofafolatereceptorbinder)asusedhereinis 

createdbyremovalofonehydrogenatomfromthatmoleculetocreateamonovalentradicalwith 

oneopenvalenceatthelocationwherethehydrogenatomwasremoved.Whereappropriatea 

radicalcanbedivalenttrivalentetc.,whereintwothreeormorehydrogenatomshavebeen 
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substituentsenvisionedarepreferablythosethatresultintheformationofstableorchemically
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removedtocreatearadicalwhichcanbondtotwothreeormorechemicalgroups.Where 

appropriatearadicalopenvalencecanbecreatedbyremovalofotherthanahydrogenatom(e.g., 

ahalogenatom),orbyremovaloftwoormoreatoms(e.g., ahydroxylgroup),aslongastheatoms 

removedareasmallfraction(about200~orlessoftheatomcount)ofthetotalatomsinthe 

moleculeformingtheradical.  
, 

102711Theterms"treat,""treating, or"treatment'includereducingalleviatingabating, 
amelioratingrelievingorlesseningthesymptomsassociatedwithabonefracturediabetes, 

osteoporosisineitherachronicoracutetherapeuticscenario.  

102721Thetermsandexpressionswhichhavebeenemployedareusedastermsofdescription 

andnotoflimitation.Inthisregardwherecertaintermsaredefinedunder"CertainDefinitions 

andareotherwisedefineddescribedordiscussedelsewhereinthe"DetailedDescription,~9 all 

suchdefinitionsdescriptionsanddiscussionsareintendedtobeattributedtosuchterms.There 

alsoisnointentionintheuseofsuchtermsandexpressionsofexcludinganyequivalentsofthe 

featuresshownanddescribedorportionsthereofFurthermorewhilesubheadingse.g., "Certain 

Definitions areusedinthe"DetailedDescription" suchuseissolelyforeaseofreferenceandis 

notintendedtolimitanydisclosuremadeinonesectiontothatsectiononly;ratheranydisclosure 

madeunderonesubheadingisintendedtoconstituteadisclosureundereachandeveryother 

subheading.  

EXAMPLES 

102731Thefollowingexamplesservetoillustratethepresentdisclosure.Theexamplesarenot 

102741AllstatisticalanalyseswereperformedwithGraphPadPrism(version8.O~GraphPad 

SoftwareCA). Dataaredisplayedasmean+standarddeviation. Inthefigureslevelsof 

statisticalsignificancearedenotedwithasterisksaccordingtothefollowingdefinition. p<0.05~ 
** 

p<0.01;***p<O.OO1~****p<0.0001.Statisticalanalysiswasperformedusingaone-way 
analysisofvariance(ANOVA)andaDunnett'spost-hocanalysiswithadjustedsignificance 

reportedatthePvalueof0.05.Forfigures4-8aBonferronipost-hocanalysiswasperformed 

insteadofaDunnet'spost-hocanalysis.Figure9wasanalyzedwithatwo-wayANOVAwitha 

DunneWspost-hocanalysis.  

Example 1: Synthesis ofpeptidic payloads 

102751Allpayloads(e.g., Fig.lA)weresynthesizedinasolid-phasepeptidesynthesisvialunder 

astreamofargon.Wangresin(0.6mmol/g)wasloadedwith3-foldexcessofthefirstaminoacid 
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intendedtolimitthescopeoftheclaimedinventioninanyway.
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(cysteine),HOBt-C1andDICfor4hoursin9:1v/vCH2C12/dimethylformamide(DMF)using 

catalyticamountsof4-dimethylaminopyridine(DMAP).Theresinwasthencappedwithtwo 

equivalentsofaceticanhydrideandpyridinefor30minutestoblockanyunreactedhydroxyl 

groupsontheresin.Thesestepswerefollowedbythreewasheswithmethylenechloride(DCM) 

andDMFconsecutively.  

102761Aftereachcouplingreaction,9~fluorenylmethoxycarbonyl(Fmoc)groupswereremoved 

bytwo10-minuteincubationswith200o(v/v)piperidineinDMF.Theresinwasthenwashed 

twicewithDMFpnortoaddingthenextaminoacid.Eachaminoacidwasreactedin3-foldexcess 

2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU)/ N

methylmorpholine(NMM)for30minutesfollowedbyadoublecouplingwith3-foldexcess 

benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP) I N

methylmorpholine(NMM)for30minutes.Allaminoacidswereaddedaccordingtothe 

conditionsabove.StandardFmoc-protectedaminoacidswithacid-sensitivesidechainprotecting 

groupswereusedunlessotherwisenoted.Thereaftertyrosineorthepeptidesequenceshownin 

Table1wasaddedontothepeptideusingthesolid-phaseprocedureslistedaboveusingan 

automatedpeptidesynthesizer(FocusXCAAPPTec).Uponsynthesiscompletiontheterminal 

Fmocwasremovedusingtheaforementionedconditionsafterwhichtheresinwaswashedthree 

timeswithDMFthreetimeswithDCMandtwicewithmethanolandthendriedwithargongas.  

102771The driedresin withthepeptide was cleavedusing 95:2.5:2.5 trifluoroacetic 

acid/water/triisopropylsilaneandexcessTCEPfor2hours. Thepeptidewasthenprecipitated 

fromthecleavagesolutionusing10timesthevolumeofcolddiethylether.Thesolutionwasspun 

desiccatedandsubmittedtoanalyticalliquidchromatography-massspectrometry(1220L&6130 

MSAgilent)forconfirmationofsynthesis.ThecrudepeptidewasdissolvedinamixtureofDMF 

andwaterandpurifiedviapreparativereversed-phasehigh-performanceliquidchromatography 

(1290,AgilentSantaClaraCA).AC-i8columnwitha0~50Ooammoniumacetate:acetonitrile 

mobilephasefor40minuteswasusedtopurifythe2,2,6,6-tetramethylpiperidine(TMP).The 

fractionthatcontainedonlypurepayloadsasassessedbyanalyticalliquidchromatography-mass 

spectrometry(1220LO6130MSAgilentSantaClaraCA)waslyophilized(FreeZone, 

LABCONCOKansasCityMO)andstoredaslyophilizedpowderat-20 0 Cuntilitwascoupled 

withtargetingligands.  

102781Thefollowingsubstitutionswereintroducedintoresidues1-46ofparathyroidhormone

relatedprotein(PTHrP)(SEQIDNO:1):01u22, 01u25, Leu23Leu2SLeu3lLys26,Lys3O, 

andAib29inaccordancewithmethodsknownintheart.Thesesubstitutionsenhancepeptide 
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at2,000relativecentrifugalforce(RCF)forfiveminutesandthendecanted.Thepelletwasthen
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stabilityinducegreaterbonedensityinpatientswithosteoporosisandexpandthewindowof 

maximalanabolicactivitywithoutincreasingtoxicity.Tomaximizesignalingoftheanabolic 

peptideuponadsorptiontoexposedhydroxyapatitetheC-terminusofthisPTE-IrPfragmentwas 

conjugatedtoalinerpeptideof2OD-glutamicacid(B)residues(D-01u2oorDB2O)usingstandard 

solidphasepeptidechemistryyieldingafinalfusionprotein(SEQIDNO:4)in190ooverallyield 

andfinalpurityof940~asevidencedbyhighpressureliquidchromatography(HPLC)andmass 

sp ry.  

Example 2: Synthesis of(linear) osteotropic peptides 

102791Targetingligandpeptideswereallsynthesizedtoachievetheappropriatelengthamino 

acidcompositionandenantiomericstereochemistryasindicatedbytheirnamesaccordingtothe 

solidphasesynthesismethodsdescribedabove.WhilestillontheresintheN-terminalammes 

weredeprotectedasdescribedaboveandtheresinwasreactedinDMFwith3-foldmaleimide 

propionic acid 3-fold excess benzotriazol-1-yloxytripyrrolidinophosphonium 

hexafluorophosphate(PYBOP),HOBt-Cland5-foldexcessNN-diisopropylethylamine(DJPEA) 

for4hours.Thepeptideswerethencoupledtothecysteine-containingpeptidesusingmaleimide 

chemistry in phosphate-buffered saline (PBS) containing 10-fold excess tris(2

carboxyethyl)phosphine(TCEP)for24hoursatroomtemperature.Thetargetingpayload 

conjugateswerethencleaveddeprotectedandpurifiedasdescribedabove.  

Example 3: Synthesis of(branched) osteotropic peptides 

underastreamofargon.2-chlorotritylresin(0.6mmol/g)wasloadedat0.6mmol/gwithNaNs

di-Fmoc-L-lysinefor60minutesinDCMandDIPEA. Theresinwasthencappedwithfour 

washesofMeOHfollowedbythreewasheswithDCMandDMFconsecutively.Thebranched 

chainwasthensynthesizedasdescribedabove.TheN-terminalFmocwasretainedandthepeptide 

wassubjectedtoasoftcleavagein1:1:8mixtureofaceticacid/tetrafluoroethylene(TFE)/DCM 

for30minutes.Thecleavagesolutionwasevaporatedunderreducedpressureandtheterminal 

carboxylicacidwasconjugatedwith3-foldexcessN-(2-anhnoethyl)maleimide,3-foldexcess 

PYBOPandHOBt-Cland5-foldexcessDJPBAinDCMfor4hours. Theacid-sensitive 

protectinggroupswerethendeprotectedbyatwo-hourincubationin95:2.5:2.5trifluoroacetic 

acid/water/triisopropylsilane.Thepeptidewasthenprecipitatedwith10volumesofcolddiethyl 

etherandtheterminalFmocwasdeprotectedbya15-minuteincubationwith200~(v/v)piperidine 

inDMFfollowedbyaprecipitationincolddiethylether.Theresultingcrudeproductwaspurified 
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102801Brieflybranchedtargetingligandsweresynthesizedusingsolid-phasepeptidesynthesis
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viapreparativereversed-phasehigh-performanceliquidchromatography(1290,Agilent)as 

describedabove.Finallythepurifiedtargetingligandwasconjugatedwithdifferentpayloadsvia 

maleimidecouplingalsoasdescribedabove.  

Example 4: Synthesis ofmono-bisphosphonate tar2etin2 h2afldS 

102811Alendronicacidwasdissolvedinsodiumhydroxideandthendilutedin 

morpholino)ethanesulfonicacid(MES)bufferandthepHwasreducedto5withHCL.Three 

equivalentsof3-maleimidopropionicacidwerepre-activatedwithfourequivalentsof1-ethyl-3

(3-dimethylaminopropyl)cabodiimide(EDC).Thereactionwasstirredovernightat40 0 Candthe 

crude product was purified by preparative reversed-phase high-performance liquid 

chromatography(1290,AgilentSantaClaraCA)onaC-i8columnusinga ammonium 

acetate/acetonitrilemobilephasefor40minutes.  

102821Thefractionsthatcontainedoniypuremaleimideproductasanalyzedbyanalyticalliquid 

chromatography-massspectrometry(1220LC6130MSAgilent)werelyophilizedandstoredat 

-200 Cuntil 9 

requiredforcouplingwithpayloadsviamaleimidecouplingasdescribedabove.  

Example 5: Synthesis oftri-bisphosphonate taruetinu liuands 
9 

102831Di-tert-butyl-2,2'-((3-amino-2-(2-(2-(tert-butoxy)-2-oxoethoxy)ethyl)pentane-1,5

diyl)bis(oxy))diacetatewasreactedwith1.5equivalentsof3-maleimidopropionicacid 4 

equivalentsofNN'-dicyclohexylcarbodiimide(DCC),and3equivalentsofDJPEAinDCMat45 

ocfor24hours.Thedicyclohexylurea(DCU)precipitatewasfilteredoutandthevolumereduced 

weredeprotectedin50:50TFA/DCMfor30minutes.Thesolventwasremovedunderreduced 

pressureandtheresulting2,2'-((2-(3-(carboxymethoxy)-1-(3-(2,5-dioxo-2,5-dihydro-1H-pyrrol

1-yl)propanamido)propyl)butane-1,4-diyl)bis(oxy))diaceticacidwasreactedwith12equivalents 

ofalendronicacidplus12equivalentsofEDCinMESbufferatpH4.5for24hoursat45 0 C. The 

resultingcrudeproductwaspurifiedviapreparativereversed-phasehigh-performanceliquid 

chromatography(1290,AgilentSantaClaraCA)andthepurifiedtargetingligandwas 
9 

conjugatedwithdifferentpayloadsviamaleimidecouplingasdescribedabove.Thestructureof 

atri-bisphosphonateisshowninFig.12.Rcanrepresentanypeptideorsmallmolecule.  

Example 6: Synthesis ofpolyphosphate taruetinu liuands 

102841Aphosphateglasspolymerof45phosphateswasdissolvedin100mMMESata 

concentrationof10mM.SufficientEDCwasthenaddedtoachievea100mMconcentrationand 
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underlowpressure.Theproductwaspurifiedviaflashchromatographyandthecarboxylicacids
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thenthreeequivalentsofDJPEAfollowedbyfiveequivalentsofN-(2-aminoethyl)-maleimide 

wereadded.Thepurifiedtargetingligandwasconjugatedwithdifferentpayloadsviamaleimide 

couplingasdescribedabove.  

Example 7: Synthesis of99mTc chelator molecules 

1028519 9 mTcchelatorslinkedtoD-01u2o(DE2O)andD-Gluio(DEl0)weresynthesizedvia 

standardFmocsolid-phasepeptidesynthesisasdescribedpreviously.Wangresinloadedwith 

Fmoccysteine(TRT)wascoupledtoFmocasparticacid(OtBu)thentoNBoc-M-Fmoc-L-2,3

diaminopropionicacidtocreatethe 9 9 mTcchelator(seee.g., Leamonetal.,~'Synthesisand 

biologicalevaluationofBC2O:Anewfolate-derived 99mTc-basedradiopharmaceutical," 

Bioconjug.Chem. 4 1200-1210(2002)).Thischelatorwasthencoupledviastandardantde 

chemistryto8-(Fmoc-amino)-3,6-dioxaoctanoicacidwhichwasthenconjugatedviastandard 

amidecouplingtoalinearoligopeptideofeither10or20D-glutamicacids.Theoligopeptidewas 

thencleavedandpurifiedasdescribedpreviously.  

Example 8: Synthesis ofnear infrared (NIR) dye coniugates 

102861Amaleimidederivativeofthenear-infrared(NIR)fluorescentdyeS0456,wasprepared 

foruseinlabelingofthebonefracturetargetingligandsdescribedabove.Itwassynthesizedas 

showninSchemeI(below).Forthispurpose,50456,N-Boc-tyramineandpotassiumhydroxide 

(KOH)weremixedinaflaskcontainingdimethylsulfoxide(DM50)todissolvesolidsandthe 

solutionwasstirredat60 0 Cunderargonfor1.2hours.Theresultingsolutionwasprecipitated 

Thedarkgreensolidwasdriedinavacuumdesiccatorovernightanddeprotectedin400o 

trifluoroaceticacid(TFA)/DCMfor30minutesbeforebeingconcentratedinvacuotoremoveall 

TFAandDCM.Thecrudesolidwasthendissolvedinwaterandsubjectedtopreparativereversed

phasehigh-performanceliquidchromatography(1290,AgilentSantaClaraCA)purification.  

Purefractionswereconcentratedinvacuoandlyophilized.Todenvatizewithmaleimidethesolid 

wasdissolvedinDMSOtogetherwithN-succinimidyl3-maleimidopropionateandDIPEAand 

stirredunderargonatmosphereforonehourbeforepurificationviapreparativereversed-phase 

high-performanceliquidchromatography(1290,AgilentSantaClaraCA)asdescribedabove.  

Deca-asparticacid(LandD)-targetingligandwithanN-terminalcysteinewerepreparedand 

purifiedasdescribedpreviously.Forconjugationofdeca-asparticacidcysteineto50456

maleimide,50456-maleimidewasdissolvedinDMSOinaflaskdegassedwithargonfollowed 

bytheadditionofAspio-Cystothesolutionwithstirring.Themixturewasstirredatroom 

51 

withcoldethylacetateandaftervigorousagitationwascentrifugedat3,000rpmfor3minutes.
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temperaturefor2.5hoursbeforepurificationwithpreparativereversed-phasehigh-performance 

liquidchromatography(1290,AgilentSantaClaraCA).Thepurifiedandlyophulizedproduct 

appearedasagreenfluffysolid.Synthesisof(D)Aspio-S0456conjugatefollowedthesame 

procedureasdescribedfor(L)Aspio-S0456,exceptthatD-asparticacidwasusedforthesynthesis 

of(D)Aspio.  
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Scheme I: Synthesis of (L)Aspio-S0456 conjugate. Reagents and conditions: A) 5045 6-Cl, 

DIPEA, DMSO, 60 
0

C, B) 400 TFA/DCM, it; C) N-s uccinimidyl 3-maleimidopropionate 

DIPEA, DM50, it; D) Aspio-Cys, DMSO.  

Example 9: Midshaft femur fracture model 

102871 Aseptic surgical techniques were used to insert a 23-gauge needle as an intramedullaiy 

nail into the femur of anesthetized 12-week-old female ND-4 Swiss-Webster age-matched mice 

for internal fixation on the bone pnor to its fracture. No difference in targeting capacity was seen 
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betweeninbredstrainssuchasC57/BL6andSwiss-WebsterND-4mice.Brieflythemousehair 

surroundingtherightkneeofthehindpawwasremovedandtheanimalwasanesthetizedusing 
30~isofluranewithananesthesiavaporizer(VetEqipLivermoreCA). Theskinwasthen 

cleanedwithascrubofbetadinefollowedbyascrubof700oethanol.Anincisionwasthenmade 

overthepatellaexposingthepatellartendonandthetendonwastransectedtoexposethe 

distalcondylesofthefemur.Asterile23-gaugeneedlewasdrilledthroughthecorticalshell 

ofthecenterofthepatellarsurfaceatthedistalfemurbetweenthecondyles.Apinwasinserted 

downthecenterofthemedullarycavityuntilitreachedtheendostealsurfaceoftheproximal 

epiphysisofthefemur.Theneedlewasthencutwithwirecutterstorenderitflushwiththedistal 

endofthefemurandtheskinwasclosedwith4-0nonabsorbablenylonsutures.Fractureswere 

theninducedinthestabilizedfemursusingadrop-weightfracturedevicefromRlSystemandwere 

verifiedviaX-rayusinganX-raycabinet(CarestreamKodakRochesterNY).Themicereceived 

buprenorphine(0.03mg/day)forthreedayspost-fracturetoreducepain.Allanimalexpenments 

wereperformedinaccordancewithprotocolsapprovedbyPurdueUniversity'sInstitutional 

AnimalCareandUseCommittee(JACUC).  

biodistribution 

Example 10: Half-life and 0 

102881Toanalyzethehalf-lifeofthetargetedfluorescentconjugatesatthefracturesiteL-Aspio

50456orD-Aspio-S0456wasdissolvedinPBSsterilefilteredandinjected10dayspost-fracture 

subcutaneouslytoachieveafinaldoseof250nmol/mouse.Miceweretheneuthanizedat2,24, 

48,72and96hourspost-injectionandfluorescencewasquantifiedatthefracturesiteby 

ethylenediaminetetraaceticacid(EDTA).BrieflybrokenfemurswerecollectedrinsedwithPBS, 

driedthoroughlyovernightinavacuumdesiccatorbrokenintosmallpiecesandweighedbefore 

immersingintheaforementionedEDTAsolution.Thesamplewasagitatedonashakerfor8 

hourstodecalcifytheboneandthencentrifugedfor5minutesat8,000rpmtocollectthe 

supematant.TheconcentrationofL-Aspio-50456orDAspio-50456inthesupematantwasthen 

determinedfromits0D780usingastandardcurveofknovmconcentrationsofthedyefor 

quantitation.  

Example 11: Radiolabelinu ofpeptides 

102891Ten(10)ggofPiercelodination(iodogewThermoFisherScientificWalthamMA) 

reagentweredissolvedin2004chloroformthenaddedtoa6X50mmglasstesttubeand 

evaporatedunderasteadystreamofargon.Then50nmolofpeptideconjugatedissolvedin40 
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rejecting and dissolvingthe fracture callus in a 120o solution ofneutral buffered
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4ofPBSwereaddedtogetherwith10RL(lmCi)ofNa1 2 5 1(ARC).Theglasstesttubeswere 

sealedandplacedonashakerfor30minutesandthenpurifiedviaradiopreparativereversed

phasehigh-performanceliquidchromatography(1260 , AgilentFlow-RAMradiodectector, 

LablogicSystemsLtdSheffieldUK)witha0-1 ogradientof0.10oTFAinwater:acetonitrile.  

Fractionswiththecorrectretentiontimeandradiosignalwereisolatedandlyophilized.Payload 

peptideswereradio-iodinatedonendogenoustyrosinetryptophanorhistidineresidueswhich 

remainstableinphysiologicalconditionsforthelongestiodinatedexperiments(27hours)(see 

Savoieetal., "Studiesonmono-anddiiodohistidine.I.Theidentificationofiodohistidinesfrom 

thyroidaliodoproteinsandtheirperipheralmetabolisminthenormalmanandrat"J.Clin.Invest.  

52:106-115(1973)).  

102901For9 9 mTclabeling,0.6mgofEDTAdisodiumdihydratedissolvedinnitrogen-sparged 

water(10mg/ml)wasaddedto50mgofsodiumgluconatesolution(100mg/ml)innitrogen

spargedwater.Tothatmixtureasolutionof0.2mgoftinchloridedihydrate(lOmg/ml)dissolved 

innitrogen-sparged0.2NHClwasadded.Then4~imolof 9 9 mTcchelate-containingpeptideswere 

addedtothesolutionandthepHwasadjustedto6.8usingNaOH(Leamonetal.(2002),supra).  

Thesolutionwasflash-frozeninliquidnitrogenandlyophilizedovernight.Thecompoundwas 

thenmixedwith15mCiofm 9 9 Tc(CardinalHealth)andafter15minutesofshakingquantitative 

chelation was confirmed by analytical radio reversed-phase high-performance liquid 

chromatography(1260HPLCAgilentFlow-RAMradiodectectorLablogic).  

Example 12: Biodistribution analysis 

injectedsubcutaneouslyintomice10daysafterinductionofamidshaftfemurfracturetoensure 

thatbloodflowhadreturnedtothearea.Bachmousereceiveda0.25mCi(12.5nmolofpeptide 

in0.1mLvehicle)doseofradio-iodinatedpeptideor3mCi(0.lml)doseof 9 9 mTc~labeledpeptide, 

bothadministeredsubcutaneously.Eighteenhourslaterbloodwasremovedviacardiacpuncture, 

andmiceweresacrificedviaC02asphyxiation.Organsandtissues(heartlungsmuscleskin, 

liverspleenkidneysfracturedfemurandhealthyfemur)wereresectedandweighedandtheir 

radioactivitywascountedusingagammacounter(CobraAuto-GammaPackard;OMI 

CorporationFranklinIN).Percentinjecteddosewascalculatedby.  

Tissue(counts) xloo 
%iniecteddose In]ection(counts)xTissue(grams) 
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102911Forliveanimalstudies, 9 9 mTc~or'2 5 1-radiolabeledpeptidesweredissolvedinPBSand
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Fracturedtohealthyratiowascalculatedby: 

The fractured femur s % injected dose 
Fracturedtohealthyratio ThehealthyfemurI! injecteddose 

Example 13: SPECT/CI 

1029219 9 mTclabeledD-Gluio-chelatorandD-01u2o-chelatorwereformulatedto7mCi/100giand 

miectedviatailveintwoweeksfollowingfemurfracture.After18hoursmicewereeuthanized 

via Co2 asphyxiation and imaged using a single-photon emission computer 

tomography/computedtomography(SPEC/CT)scanner(U-SPECT-IJ/CTMiLabsHoutenThe 

Netherlands).CTimageswerecollectedusinghigh-resolutionfull-body,12-minutescansand 

werefollowedby1-hourSPECTscansusinga0.6mmcollimator. SPEC/CTimageswere 

reconstructedusingtheMiLabssoftwareselectingtheenergywindowof140keyand 

reconstructionparametersof16subsetsand4iterationswithoutpostfilter.3-Dreconstructions 

wereperformedusingImageJsoftware.  

Example 14: Fracture RepairModel- Diabetes 

102931TargetedconjugatesofSEQIDNO:5,abaloparatide(SEQIDNO:2),SEQIDNO:6, 
andSEQIDNO:9(aconjugatewith10asparticacidresidues)weresynthesizedusingFmoc 

solid-phasepeptidesynthesis. FromSEQIDNO:5,aminoacids1-34wereusedand 

abaloparatide(SEQIDNO:2)isastabilizedversionofaminoacids1-36ofSEQIDNO:1.  

Diabeteswasinducedin408-week-oldmaleCD-1miceviasevensubcutaneousinjectionsof 

streptozotocin(STZ)untilbloodsugarreadingswereabove250mg/dL.Themicewereleftin 

asepticsurgicaltechniqueswereusedtoplacea23-gaugeneedleasanintramedullarynailinthe 

femuroftheanesthetizedmiceforinternalfixationbeforefracturewasinducedwithadrop-weight 

fracturedevicefromRlSystemandconfirmedbyx-ray.Themicereceivedbuprenorphinefor 

threedayspost-fracture.Theyweredosedsubcutaneouslywithapositivecontrolofinsulina 

negativecontrolofvehicleSEQIDNO:5,orabaloparatide(SEQIDNO:2)eachdayfor4 

weeks.Fracturehealingwasassessedqualitativelyusingmicro-CT(ScancoMedicalAg).  

Fracturedfemursweretestedforstrengthina4-point-bend-to-failureusinganElectroForce 

TestBench(TAInstrumentsNewCastleDE).Maximumloadstiffnessdisplacementpost-yield, 

andwork-to-fracturedataweregenerated.Statisticalanalysiswasperformedusingaone-way 

analysisofvariance(ANOVA)withsignificancereportedwithpvalueslessthan0.05(*)and 

0.01(**)Allanimalexperimentswereperformedinaccordancewithprotocolsapprovedby 

PurdueUniversity'sIACUC.  
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thisconfirmeddiabeticstatefor2monthstoallowthediabetestotakeeffectonthebones.Then,
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102941Fourcompoundsweretested.Abaloparatide(D)elOSEQIDNO:6,andSEQIDNO:7 

(Fig.lAandFig.iB)hadallrepeatedlyacceleratedhealinginhealthyfemurfractures.  

Abaloparatide(SEQIDNO:2)isastabilizedversionofparathyroid-relatedproteinhormone.  

DasatinibisanSRCkinasewithoff-targeteffectsonbothosteoblastsandosteoclaststhatimprove 
mimetic 

overallbonedensity.Dasatinibhasalsoproventobeasenolytic.JTGAisafibronectin 4 

thatpromotesintramembranousbonefracturehealing.SEQIDNO:5wasincludedinthisstudy 

becausePreptin1-16hadamoderateboneanabolicactivity.Itwasalsoshownthatthefull-length 

compound(seeFig.lAandFig.iB)alsoimprovedglucosesensitivity.Thereforeitwas 

hypothesizedthattheglucoseregulatingpropertiesoffull-lengthSEQIDNO:5maybebeneficial 

inhealingtypeIdiabeticfracturesasadual-actioncompoundthatmayimprovehealingviatwo 

mechanisms.Thecompoundswerecomparedagainstinsulinasapositivecontrolandsalineasa 

negativecontrol.  

102951AlltargetedcompoundsexceptforSEQIDNO:6improvedthemineralizationandbone 
4 

densityrelativetosalinewithSEQIDNO:5impactingcallusmineralizationthemostand 

abaloparatideimpactingdensitythemost.TheresultsareshovminFigs.13and14.BVrepresents 

thebonevolumeofthe100thickestmicro-CTslicesofthefracturecallusandisameasureofhow 

muchbonehasmineralizedatthesiteoffracturerepair.BV/TVrepresentstheBVdividedbyTV 

ofthe100thickestmicro-CTslidesofthefracturecallusandisameasureofhowdensethebone 

isatthesiteoffracturerepair.Insulinwasdosedas2lU/day.Dosesof0.lx,50xandlOxare 

0.1nmol,50nmoland10nmolrespectivelyoftheconjugatedelivereddailybysubcutaneous 

injection.SEQIDNO:6wasdosedat10~mol/kgeveryotherday.  

treatmentalone.Despiteinsulin'simprovementinmineralizationitwasnotabletorestorethe 

qualityofthebonethatwasdamagedbyhyperglycemiasotheboneswerestillweak. Bone 

brittlenessiswhatleadstosomanyfracturesindiabetics.Ameasureofbrittlenessispost-yield 

displacementina4-point-bendtest.TheresultsareshowninFigs.15and16.  

102971Insulinwasdosedat2lU/day.Dosesof0.lx50xandlOxare0.1nmol,50nmoland 
10nmolrespectivelyoftheconjugatedelivereddailybysubcutaneousinjection.SEQIDNO.  

6wasdosedat10~mol/kgeveryotherday.  

102981AllcompoundsexceptforSEQIDNO:6reducedthebrittlenessofthebone(Fig.17).  
Insulinwastheonlycompoundtoimprovebloodsugarlevels(Fig.18).Bytreatingthebone 

fracturestheanimalswereabletoregaintheweightthattheywerelosingbecauseofdiabetes 

(Fig.19).  
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102961Alltargetedcompoundsimprovedthestrengthofthefracturesmorethanjustinsulin
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102991Howeversincenon-diabeticpatientswillnotstoptakingtheirinsulintotakeacompound 

providedhereintheexperimentwasrepeatedwithcompoundsdosedinconjunctionwithinsulin 

(Figs.20-22).  

103001ForFigs.20Aand20Binsulinwasdosedat2lU/dayanddosesof0.lxlOxand1OOx 

are0.1nmol 10nmoland100nmol respectivelyoftheconjugatedelivereddailyby 

subcutaneousinjection.ThefiguresshowthatSEQIDNO:8improvedthemineralizationofthe 

callusbetterthaninsulinandalltheexperimentaltherapeuticsledtoincreasesinfracturecallus 

densitymoresothaninsulinalone.  

103011ForFigs.21Aand21Binsulinwasdosedat2lU/dayanddosesof0.lx,1Oxand1OOx 

are0.1nmol 10nmoland100nmol respectivelyoftheconjugatedelivereddailyby 

subcutaneousinjection.Thefiguresshownosignificantchangeswereobservedinthetrabecular 

bone.  

103021ForFigs.22A-22Cinsulinwasdosedat2lU/dayinallgroupsexceptforsaline.Doses 

ofO.lxlOxandlOOxare0.1nmol,10nmoland100nmolrespectivelyoftheconjugate 

delivereddailybysubcutaneousinjection.Thefiguresshowthatabaloparatide(SEQIDNO:2) 

andSEQIDNO:Ssignificantlyimprovedthestrengthcomparedtotheinsulincontrol. All 

significancelevelswerecalculatedrelativetotheinsulin-treatedgroupnotthesalinecontrol 

group. OverallSEQIDNO:9didnotsignificantlyimprovefracturehealingindiabetics.  

Howeverabaloparatide(SEQIDNO:2)andSEQIDNO:8improvedthestrengthand 

mineralizationmorethaninsulinaloneandtheyshowpromiseaspotentialtherapeutics.  

103031Theincreasedresorptionpitspresentthroughouttheskeletonduringosteoporosisserveas 

moderatelocalizationsitesinthepresenceofosteoporosisalone.Howeverlocalizationdoesstill 

occurelsewhereintheskeletonduringosteoporosis.Themajoritystilllocalizestothefracture 

site.Thiscouldleadtosomepopulationsneedingtobecontraindicatedincertaintypesofbone

targetedtherapies. Howeverforosteoporosispatientswithafracturetheoff-targetskeletal 

effectstohealtheresorptionpitswouldactuallybeapositivesideeffectandmightnotpresenta 

problem.Itwouldbeatwo-foldeffectinwhichthefractureishealedandtheosteoporosisis 

treatedaswelltopreventfuturefractures.  

103041Eight-week-oldfemaleSwissWebstermice(n10)weresurgicallyinducedwithpost

menopausalosteoporosisviabilateralovariectomy. Osteoporosiswasconfirmedviaalostin 

overallbonemineraldensityasmeasuredbymicroCT.  
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103051Micewereanesthetizedusing2~3Oo isoflurane.Buprenorphine(0.03mg/kg)was 

administeredsubcutaneouslyforpostoperativepainreliefA3cmx2.5cmareawasshaved 

dorsallyfromtheiliaccrest.Theareawaswashedwithbetadinefollowedby700oethanoland 

thendraped.A2-cmmidlineincisionwasmadeandtheskinwasdissectedfromtheunderlying 

fascia.A1-cmlateralincisionofthemidlinewasmadethroughthefasciareachingtheabdominal 

cavity.Theadiposetissuesurroundingtheovaryintheabdominalcavitywaspulledbackand 

gentlypulledout.  

103061Theovatywasisolatedandtheuterinehornsandvessels0.5cmproximallyofthis 

structurewereligated.Theovarywasremovedandtheprocesswasrepeatedonthecontralateral 

side.Theperitonealcavitywasclosedfollowedbytheskinusingamonofilamentsuture.The 

mousewasplacedinacleanrecoverycageandallowedtoawakefromanesthesiaMicewere 

dosedevery12hourswithbuprenorphinefor3-5days.Osteoporosiswasexpectedtodevelop 

within4-6weeksatwhichpointthemiceunderwentastabilizedfemoralfractureasdescribed 

above.  

103071Bonemineraldensity(BMD)wasmeasuredbeforeovariectomyandeightweeksafter 

ovanectomytoconfirmdevelopmentofosteoporosis.AfterSweeksofprolongedexposureto 

lowestrogenlevelsthemicehadintermedullaiynailsplacedintheirfemursandthenanBinhom 

fracturemodelwasinducedviaadropweightandconfirmedbyX-ray.Themiceweredosed 

dailyfor4weeks. Thestructuralchangeswerequantifiedviamicro-CTandthemechanical 

propertieswereassessedviaa4-point-bend-to-failuretest.  

103081S0456,boc-tyramineandKOHwerechargedintoadegassed50-mLRBflask.DMSO(5 

atmospherefor1.2hours.Theresultingmixturewascooledtoroomtemperatureandaddedto 

coldethylacetate(50mL)dropwise. Theresultingmixturewasvigorouslyagitatedthen 

centrifugedat3,000rpmfor3minutes.Aftercentrifugationdarkgreensolidcouldbeseenon 

thebottomoftheconicaltube. Thesupematant(veiyslightlygreenishclearsolution)was 

discardedbeforeanewbatchofcoldethylacetatewasaddedtothesolid. Themixturewas 

vigorouslyagitatedandsubjectedtothesamecentrifugationprocessasbefore.Theresultingdark 

greensolidwasdriedinavacuumdesiccatorovernightbefore400oTFA/DCMsolution(5mL) 

wasadded.Themixturewasstirredatroomtemperaturefor30minutesbeforebeingconcentrated 

invacuotoremoveallTFAandDCM.Theconcentratedcrudewasdissolvedin3mLwaterand 

subjectedtoprep-HPLCpurification.PurefractionsofS0456-tyraminewerecollected, 

concentratedinvacuofrozenandlyophilizedtoyieldthepureproductasafluffydarkgreen 

solid.Thissolid(120mg)wasdissolvedinDMSO(3mL)togetherwithN-succinimidyl3
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mL)wasaddedtodissolveallsolidandthenthemixturewasstirredat60 0 Cunderargon
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maleimidopropionate(30mg)andDJPEA(40vL)andstirredunderargonatmospherefor1hr 

beforepurificationwithprep-HPLC.PurefractionsofS0456-maleimidewerecollected, 

concentratedinvacuofrozenandlyophilizedtoyieldthepureproductasadarkgreenfluffy 

solid(125mg).  

103091Dio-Cyswassynthesizedasfollows.FortheinitialloadingoftheSPPSresin,2-chlorotrityl 

chlorideresin(0.4g,1.4mmol/g)wasswolleninDCM(10mL/gresin)followedbytheaddition 

ofFmoc-L-Asp(OtBu)-OH(1.15g,2.8mmol)andDJPEA(1.66mL,9.5mmol)dissolvedin 

DCM(14mL).Themixturewasagitatedbybubblingargonfor1hrafterwhichthesolutionwas 

drainedbefore20mEofcappingcocktail(DCM:MeOH:DJPEA 17:2:1)wereaddedandthe 

solutionwasbubbledagainfor20minutes.Theresinwasthensubjectedtostandardwashing 

procedureswhichconsistedofwasheswithDMF(3times),DCM(3times),andIPA(3times) 

followingeachcouplingreactionandwasheswithDMF(3times)followingeachdeprotection.  

Aftertheinitialloadingallsubsequentcouplingreactionswereperformedwithsolutionsof 

Fmoc-L-Asp(OtBu)-OH(1.15g,2.8mmol)orFmoc-S-trityl-L-cysteine(1.64g,2.8mmol), 

PyBOP(1.42g,2.75mmol),andDJPEA(1.66mL,9.5mmol)inDMF(14mL). One-hour 

standardcouplingtimewasusedforallasparticacidandcysteineresidues.Fmoc-deprotection 

wasdonewith200opiperidinesolutioninDMFfortwosessionsof5minutesand10minutes 

each.The11-merpeptidicproductwascleavedofftheresinusingacleavagecocktailconsisting 

of9O0oTFA,3q30 TIPS3q300waterand3.30oEDT.Followingcleavagethecrudeproductwas 

concentratedunderreducedpressuretoremovemostTFAwaterTIPSandEDTandthen 

washed3xwithEt 2 Oanddriedunderreducedpressurefor24hourstoproduceDio-Cys1asa 

103101D1 0 -S0456conjugatewassynthesizedasfollows. 50456-maleimide(100mg)was 

dissolvedin2mLDM50inaflaskdegassedwithargonfollowedbytheadditionofDio-Cysto 

thesolutionwithstirring.Themixturewasstirredatroomtemperaturefor2.5hoursbefore 

purificationwithprep-HPLC.Thepurifiedandlyophilizedproductappearedasagreenfluffy 

solid(57mg).  

103111Female12-week-oldSwissWebsterthathadundergonemidshaftfemurfracturesanda 

bilateralovariectomyasdescribedpreviouslywereinjectedsubcutaneouslynearthenapewith10 

nmolof50456conjugate.After24hourstheyweresacrificedandanecropsywasperformed.  

ThetissueswereimagedinaSpectralAntOpticalImagingSystemwithanexcitationfor1second 

at745nmat500excitationpower.ThefluorescentemissionwascollectedatS10nm.  

103121Forquantitativedeterminationofcalciumion(Ca 2 ~ )andevaluationofdrugeffectson 

calciummetabolismtheQuantiChromCalciumAssayKitfromBioAssaySystems(Hayward, 
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whitepowder(680mg,31.30~overallyield98100averagecouplingefficiency).
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CA)wasused.Aphenolsulfonphthaleindyeinthekitspecificallyformsaverystableblue

coloredcomplexwithfreecalcium.Theintensityofthecolormeasuredat612nmisdirectly 
4 

proportionaltothecalciumconcentrationinthesample.Theoptimizedformulationminimizes 
4 

anyinterferencebysubstancessuchasmagnesiumlipidproteinandbilirubin.OnemEofblood 

wascollectedfromthemiceattheendofthetherapeuticstudyafter21daysofdosingvia 
4 

cardiopunctureunderanesthesiainducedby30oisoflurane.Thebloodwasspunat5000for5 

minutetopelletthecells.Theserumwasremovedfromthecellpelletandstoredat-80 0 Cuntil 

calciumconcentrationquantification.Thestandardwasdilutedto10mg/dLCa 2 ~ bymixing125 

420mg/dLstandardand1254dH 2 O.Awholebloodsample(54)wastransferredtoawell.  
4 

Next,2004ofworkingreagentwereaddedandtheplatewastappedlightlytomix.Afterthat, 

thesampleswereincubatedfor3minuteatroomtemperatureandopticaldensityat570-650nm 

(peakabsorbanceat612nm)wasreadtoobtaintheODSAMPLB.Afterthat,10mg/dLstandard 
(54)wastransferredtothesamplewell.Theplatewastappedto 4 

mixandopticaldensitywas 

measuredatthesamewavelengthtogetODSTANDARD.Next,54of20mMBDTAwere 

addedtothesamewellfromearlierandtheplatewastappedtomix.Opticaldensitywasreadat 

thesamewavelengthmeasurementtogetODBLANK.Thewholebloodsampleconcentration 

wascomputedasfollows: 

[Ca2+] (ODSAMPLE- ODBLANK)I(ODSTANDARD- ODSAMPLE)x10xn 

(mg/dL) 

SampleBlankandtheSampleplusStandardrespectively;10istheconcentrationofthestandard 

inmg/dLandnisthesampledilutionfactor.Ifthecalculatedcalciumconcentrationwasgreater 

than10mg/dLthesamplewasdilutedindH 2 Oandtheassaywasrepeated.Wethenmultiplied 

theresultbythedilutionfactorii.  
4 

103131Initiallyfourcompoundsweretested.SEQIDNO:3,SEQIDNO:6andSEQIDNO.  
7hadallrepeatedlyacceleratedhealinginhealthyfemurfractureswithabaloparatide(SEQID 

NO:2)beingastabilizedversionofparathyroid-relatedproteinhormone.DasatinibisanSRC 

kinasewithoff-targeteffectsonbothosteoblastsandosteoclaststhatimproveoverallbone 

density.Ithasalsobeenshowntobeasenolytic.ITGAisafibronectinmimeticthatpromotes 

intramembranousbonefracturehealing.  

60 

whereODSAMPLEODBLANKandODSTANDARDaretheODreadingsoftheSample,
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103141AlltargetedcompoundsexceptforSEQIDNO:10(aconjugatewith20glutamicacid 

residues),improvedthemineralizationanddensityofthefracturecallusrelativetosalineand 

moresothanestrogenreplacement(Figs.23A-B).  

103151ForFigs.23Aand23Bestrogenbenzoatewasdosedat30gg/kgweekly.Dosesof0.lx 

lxandlOxare0.1nmol,1nmoland10nmolrespectivelyoftheconjugatedelivereddailyby 

subcutaneousinjection.SEQIDNO:6wasdosedat10jxmol/kgeveryotherday.  

103161Thesamethreecompoundsprovedtobeeffectiveinimprovingstrengthofthefemurs 

(Figs.24A-C).  

103171WithregardtoFigs.24A-Cestrogenbenzoatewasdosedat30pg/kgweekly.Thedoses 

0.lxlxandlOxare0.1nmol,1nmoland10nmoloftheconjugaterespectivelydelivereddaily 

bysubcutaneousinjection.SEQIDNO:6wasdosedat10~mol/kgeveryotherday.  

103181Manyofthecompoundssignificantlyimprovedthehealingoffracturefemursinthis 

hypoestrogenicstatefarbetterthancontrollingthelossofestrogenwithestrogenreplacement.  

Thiscouldmaketargetedcompoundsattractiveforhelpingosteoporoticpatientswithbone 

fractureshealfaster.Asnoticedwithdiabeticmiceallmetricsofcallushealinginthecontrol 

miceweresignificantlylowerthanthoseofstandardhealthymicerepresentingasignificantly 

challengedpopulationofpatients.  

103191Theeffectsoftreatingosteoporoticmicewitheitherfreeanabolic(SEQIDNO:1)or 

targetedanabolic(abaloparatideDio(atargetedstabilizedversionofSEQIDNO:1))forfour 

weekswereexamined.Twenty-month-oldSwissWebsterfemalemicethathaddevelopedage

induced-osteoporosiswereexaminedsinceoldermicenaturallydevelopreducedbonedensity.  

mosteffectedbyosteoporosis- werequantifiedviaPerkinElmermicro-CTusingastandard 

phantomtoquantifythebonemineraldensityoftheaffectedportionoftheskeleton.Micewere 

treatedfor4weeks.  

103201TargetedandfreetherapiesimprovedBMDofthetreatedmice.Othermetricswillneed 

tobeevaluatedtodeterminethebenefitoftargeteddrugsinthetreatmentofosteoporosisbyitself 

Ifbotharevalidinimprovingthetargeteddrugcouldstillbedesirableintermsofreducingside 

effects.Thefreeosteoporoticdrugsarelimitedbytheirsystemicsideeffects.Theparathyroid 

familyinparticularislimitedbyitseffectsonbloodcalcium.ButasevidencedinFig.25,the 

targetedformofForteo®(SEQIDNO:13)didnotincreasethebloodcalciumsignificantlyin 

comparisontothefreeform.  

103211FreePTh(targetedformofForteo®)at0.1nmolwascomparedtotargetedPThJ(SEQID 

NO:13)usingsalineascontrol. Soeventhoughosteoporosisisasystemicdiseasethereare 
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Theaveragebonemineraldensitypresentinthefemurspelvisandlumbarvertebra- theregions
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advantagestousingtargetedanabolicsasopposedtofreeanabolicsbecausetargetedanabolics 

canlimittheeffectsontheregulationofcalciummetabolismthatoccursinthekidneysfor 

parathyroidhormones.  

Example 16: Fracture Repair Model - Maxillofacial 

103221Theresultsoftheapplicationofthecompoundswereexaminedinthefollowingfiverat 

models:(i)jawfracturesmodeledusinganon-criticalsizemandibulardefect(Fig.29,panel1), 

(ii)majormaxillofacialsurgeriesmodeledbyintroducingacriticallysizeddefectfilledwithbone 
9 

graftmaterial(Fig.29,panel2),(iii)osseo-integrationofimplantedmetals(Fig.29,panel3), 

(iv)acranialcriticallysizeddefect(Fig.29,panel4),and(v)amicroplatestabilizedmandibular 

osteotomy(Figs.29,panelSand6).Somedegreeofhealingwasobservedforallthesurgeries, 

exceptforthemandibulardefect. Themandibularosteotomystabilizedwithamicroplate, 

evidencesthegreatestpotentialforfuturesuccess. Bythreeweekspost-surgerydramatic 

improvementswereobservedinthereductionoftheosteotomygapwherethediameterofthe 

treatedgroupsgapwas130oofthediameterofthesalinecontrol(p<O.Ol).Themicroarchitecture 

wasalsoimproved.Inthetreatedgroupthestructureofthebonehadremodeledtonearlynormal 

bonewhereasanobviousgapwasstillpresentinthesalinegroup.Finallythemaximumload 

thatthetreatedjawscouldwithstandpnortofailurewas2.7-foldthatofsaline(p<O.5)andwhen 
itwasfound 

thestrengthofthetreatedjawswascomparedtothestrengthofthecontralateraljaw,9 
thattheyhadreturnedtothestrengthofthenon-brokenbone.TheresultsaresummarizedinFig.  

29,whichshowsgraphsofagentvs.non-calcifiedarea(mm 2 )fordefectandgraftandcranial 

osteotomyandagentvs.maxload(N)formandibularosteotomy.  

Example 17: Pain/Function Outcomes 

103231Pain/functionoutcomesinmicewereaccessedbyturningtobehavioraltesting.Allodynia 

wasevaluatedusingVonFreyprobeswhereasgainwasevaluatedusingDigiGaitfunctionality 

wasevaluatedusingrunningwheelsandanxietycoupledwithfunctionalitywasevaluatedusing 

locomotoropen-fieldtesting. Open-fieldlocomotortestingaffordedthemostconsistent 

measurements.  

103241Micewerehabituatedtothebehaviorroomfor30-60minutesbeforetestinglocomotor 

activity.Animalswerehabituatedoncefor10minutestothelocomotorboxespriortothestartof 

theexperiment. Theywerethenplacedindividuallyinalocomotorboxwithinfraredlight 

trackingbeamsfor10minutesbeforebeingremovedandplacedbackintheirhomecage.The 
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defectagentvs.percentmigrated(0o)forscrewagentvs.gapdiameter(mm)formandibular
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miceweretrackedviaEthoVisionusing3-pointdirectionalitytesting.Miceweremeasuredfor 

twoweekspriortotheexperiment.Theythenunderwentthemidshaftfemurfracturemodeland 

wereassignedtooneofthreetreatmentgroups:1)abaloparatideDE2Otwicea , )phosphate 
bufferedsalinetwiceaweek;or3)ibuprofen(0.6gIL)intheirwater.Themiceweretreatedfor 

5weekspost-fractureandmeasuredonceaweek.  

103251Intheirbaselinestateallmiceraneverywhereintheirbox anindicationthattheyfelt 

fine.Howeverafterthefracturethemicetreatedwithsalineandibuprofenpreferredtostayon 

theedgeandinthecornerwhichindicatedthattheywerefeelingunwellandanxious. The 

abaloparatide-treatedmicereturnedtotheirpreviousstateofwell-beingandraneverywhere.Itis 

interestingthattheibuprofenmicedidnotimprovetheirpain/functionoutcomes.Ibuprofenis 

knowntoinhibitbonefracturerepairsotheanalgesiareceivedmightbeovercomebythe 

decreasedhealingoftheanimal.HowevertheacceleratedhealingofthefracturebytheSEQID 

NO:4micedidleadtomorefunctionalityandbetterwell-being.Notonlydidthemicelocalize 

toregionsthatindicatetheyhadbetterwell-beingbuttheyalsoquantitativelyimprovedtheir 

functionalitymetricsinthelocomotorportionofthistestasshowninFigs.26-28.  

103261Fig.26isagraphofdaysvs.distancetraveled(cm),whichshowstheaveragetotaldistance 

traveledina10-minuteperiodoftimeinlocomotoropen-fieldboxesforthedifferenttreatment 

groups(n7).Fig.27isagraphofdaysvs.timespentmovingwhichshowstheaveragetime 

spentmovingina10-minuteperiodoftimeinlocomotoropen-fieldboxesforthedifferent 

treatmentgroups(n7).Fig.28isagraphofdaysvs.meanvelocity(cm/s),whichshowsthe 

averagevelocityina10-minuteperiodoftimeinlocomotoropen-fieldboxesforthedifferent 

103271ForFigs.26-28,day0representsthebaselinedatapre-fracture.SalineandSEQIDNO.  

4(1nmol)wereinjectedtwice/week.Ibuprofenwasadministeredconstantlyinthemice'swater 

ataconcentrationof0.6gIL.  

103281Fig.26showsthattheabaloparatide-treatedmicebegantorunfartherwhereasFig.27 

showsthattheybegantorunforlongerperiodsoftimeandFig.28showsthattheabaloparatide

treatedmicebegantorunfaster. Allthesemetricsindicateincreasedfunctionalityandbetter 

performancewhichindicatesthattheincreaseinstructuralandmechanicalhealingquantifiedvia 

micro-CTandbiomechanicaltestingalsocorrespondstoimprovedfunctionalityandreducedpain.  

TheseresultsexceedwhatreportedlyhasbeenseenwithBMPtreatmenti.e.,thatBMPdoesnot 

improvepainorfunctionalitydespitebeingapprovedforbonefracturerepair.Sobydosingan 

animalwithSEQIDNO:4,atargetedboneanabolicagentthatreturnsbonestotheirprevious 
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treatmentgroups(n7).
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unbrokenstrengthbetweentwoandthreeweekspost-fractureareductioninpaincanberealized 

bythattime.  

Example 18: PKPronerties 

103291SEQIDNO:4wassubcutaneouslyinjectedintofracture-bearingmice.Nosignificant 

differenceswereobservedineitherthecirculationhalf-life(4.2hoursvs.3.7hours)orcumulative 

systemicexposure(AUC24.4hoursand20hoursrespectively)of' 2 5 1-labeledabaloparatideand 

SEQIDNO:4,indicatingthatanyoff-targetexposureorresultingsystemictoxicityshouldbe 

similarbetweentargetedandnon-targeteddrugs.TheresultsareshowninFig.30,whichisa 

graphofhoursvs.percentinjecteddoseinblood(cpm/g)ofmicewithmidshaftfemoralfactures.  

Incontrastamajordifferencewasobservedintheresidencetimesofthetwoabaloparatidesat 

thefracturesitewherethehalf-lifeofSEQIDNO:4wasfoundtobe67hourswhilethatofnon

targetedabaloparatide(SEQIDNO:2)was8.8hours.Thedifferenceinhalf-liferesultedinan 

11-foldlargercumulativeresidencetime(AUC)ofSEQIDNO:4relativetoabaloparatide(SEQ 

IDNO:2)(i.e.,96hourscomparedto8hours). TheresidencetimeofSEQIDNO:4inthe 

contralateralfemurwasS-foldlowerthanitsresidencetimeinthefracturedfemurindicatingthat 

concernsregardingstimulationofgrowthofhealthybonesshouldbeminimal.Theresultsare 

showninFig.31,whichisagraphofhoursvs.percentinjecteddoseinbone(cpm/g)ofmicewith 

midshaftfemoralfactures.ThusalthoughthesystemicexposuresofD-01u2o-targetedandnon

targetedabaloparatidesaresimilarthesignificantlyenhancedconcentrationofSEQIDNO:4at 

thefracturesurfaceisexpectedtoimprovetherepairrateoftheassociatedfracture.  

invention.Thusitshouldbeunderstoodthatalthoughthepresentinventionhasbeenspecifically 

disclosedinthecontextofpreferredembodimentsandoptionalfeaturesthoseskilledintheart 

mayresorttomodificationsandvariationsoftheconceptsdisclosedherein.Suchmodifications 

andvariationsareconsideredtobewithinthescopeoftheinventionasclaimedherein.  
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103301Itisrecognizedthatvariousmodificationsarepossiblewithinthescopeoftheclaimed
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CLAIMS 

1. AcompoundhavingastructureofFormula(I) 

x-Y-z 

Formula(I), 

orapharmaceuticallyacceptablesaltthereof 

wherein: 

xisaboneanabolicagentselectedfromthegroupconsistingofaparathyroid 

hormone(PTH)oraderivativeorfragmentthereofaPTH-relatedprotein 

(PTHrP)oraderivativeorfragmentthereofandabaloparatideoraderivative 

orfragmentthereot 

Yisabsentareleasablelinkeroranon-releasablelinkerand 

zisanosteotropicligand.  

2. Thecompoundofclaim1, whereinXisaanabaloparatideoraderivativeorfragment 

thereofcomprisingSEQIDNO:3,whereinxismethylalanineand"e,, 9 D-chirality.  

3. Thecompoundofclaim1, whereintheosteotropicligandofZisanacidicoligopeptide 

(AOP)comprisingatleast11aminoacidresidues.  

4. Thecompoundofclaim3,whereintheAOPcomprises11to100aminoacidresidues.  

consistingofaPTHoraderivativeorfragmentthereofhavingboneanabolicactivityaPTHrP 

oraderivativeorfragmentthereofhavingboneanabolicactivityandabaloparatideora 

derivativeorfragmentthereofhavingboneanabolicactivity.  

6. Thecompoundofanyoneoftheprecedingclaimswhereintheboneanabolicagentis 

abaloparatideoraderivativeorfragmentthereofhavingboneanabolicactivity.  

7, Thecompoundofclaim1, whereinZisatetracyclinearanelateacalciumchelatora 

metalchelatorabisphosphonateoranAOP.  

8. Thecompoundofanyoneofclaims1,2,5,or7,whereinZisabisphosphonateselected 

fromthegroupconsistingofmonobisphosphonatetribisphosphonateandpolybisphosphonate.  
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5. Thecompoundofclaim1, whereinXisaboneanabolicagentselectedfromthegroup
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9. Thecompoundofanyoneofclaims1-5whereinZisalinearchainofaminoacid 

residues.  

10. Thecompoundofanyoneofclaims1-5whereinZisabranchedchainofaminoacid 

residues.  

11. Thecompoundofclaim1, whereinZisanAOPcomprisingatleast4glutamicacid 

aminoacidresiduesoratleast4asparticacidaminoacidresidues.  

12. Thecompoundofanyoneofclaims1,2,5,and11,whereinZcomprisesatleast4 

aminoacidresidueshavingthesamechirality.  

13. Thecompoundofanyoneofclaims1,2,5,and11,whereinZcomprisesatleast4 

aminoacidresiduesandatleast4ofsuchaminoacidresidueshasDchirality.  

14. Thecompoundofanyoneofclaims1,2,5,and11,whereinZcomprisesatleast4 

glutamicacidaminoacidresiduesatleast4asparticacidaminoacidresiduesoratleast4 

glutamicacidaminoacidresiduesandatleast4asparticacidaminoacidresidues.  

15. Thecompoundofanyoneofclaims1,2,5,and11,whereinZcomprises4to20D

glutamicacidaminoacidresiduesand4to20D-asparticacidaminoacidresidues.  

16. Thecompoundofanyoneofclaims1-5and11,whereinZcomprisesamixtureof 

glutamicacidaminoacidresiduesandasparticacidaminoacidresidues.  

17. Thecompoundofclaim1, whereinZcomprisesatleast15repeatingD-glutamicacid 

aminoacidresidues(DE15),oratleast20repeatingD-glutamicacidaminoacidresidues 

(DB2O).  

18. Thecompoundofanyoneofclaims1,2,5,and11,whereinZisDElOorDB2O.  
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glutamicacidaminoacidresidues,4to20D-asparticacidaminoacidresiduesor4to20D-
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19. Thecompoundofanyoneofelaims1,2,5,and11,whereinZcomprises4to75acidic 

aminoacidresidues.  

20. Thecompoundofanyoneofclaims1,2,5and11whereinZcomprises4to75D

glutamicacidaminoacidresidues.  

21. Thecompoundofanyoneofclaims1,2,5,and11,whereinZcomprises8to30acidic 

aminoacidresidues.  

22. Thecompoundofanyoneofclaims1,2,5,and11,whereinZcomprises8to30D

glutamicacidaminoacidresidues.  

23. Thecompoundofanyoneofclaims1, 3-5,11, and17,whereinXisabaloparatideora 

derivativeorfragmentthereofhavingboneanabolicactivityandZisDB2O.  

24. Thecompoundofanyoneofclaims1-5,11, and17,whereinYisanon-releasable 

linker.  

25. Thecompoundofanyoneofclaims1-5,11,and17,whereinYisanon-releasablelinker 

compnsingatleastonecarbon-carbonbondand/oratleastoneamidebond.  

27. Thecompoundofanyoneofclaims1-5,11,and17,whereinYisareleasablelinker 

compnsingatleastonedisulfidebondatleastoneesterand/oratleastoneamidebond.  

28. Thecompoundofclaim1, whereinXisabaloparatideoraderivativeorfragmentthereof 

havingboneanabolicactivityYisanon-releasableoligopeptidelinkerandZisDB2O.  

29. Thecompoundofclaim1, whereinXisabaloparatideoraderivativeorfragmentthereof 

havingboneanabolicactivityYisareleasableoligopeptidelinkercomprisingatleastone 

protease-specificamidebondandZisDE2O.  
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26. Thecompoundofanyoneofclaims1-5,11, and17,whereinYisareleasablelinker.
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30. Thecompoundofclaim1, whereinthecompoundhasatleast750osequenceidentityor 

moreatleast350osequenceidentityormoreatleast 0sequenceidentityormoreoratleast 

950osequenceidentityormoretoSEQIDNO:3.  

31. Thecompoundofclaim1, whereinthecompoundhasatleast750osequenceidentityor 

moreatleast350osequenceidentityormoreatleast 0sequenceidentityormoreoratleast 

950osequenceidentityormoretoSEQIDNO:14.  

32. Thecompoundofclaim1, whereinthecompoundhasatleast750osequenceidentityor 

moreatleast350osequenceidentityormoreatleast 0sequenceidentityormoreoratleast 

950osequenceidentityormoretoSEQIDNO:4.  

339 Apharmaceuticalcompositioncomprisingacompoundofanyoneofthepreceding 

claimsorapharmaceuticallyacceptablesaltthereof 

34. Apharmaceuticalcompositionofclaim33,furthercomprisingapharmaceutically 

acceptablecarrierorexcipient.  

35. Amethodoftreatingabonefractureinapatientinneedthereofthemethodcomprising 

administeringtothepatientatherapeuticallyeffectiveamountofacompoundofanyoneof 

claims1-32orapharmaceuticalcompositionofclaim33or34,therebytreatingthebone 

36. Themethodofclaim35,whereinthepatientissusceptibletobonefracture.  

37. Themethodofclaim36,whereinthepatienthasoneormorecomorbiditiesselected 

fromthegroupconsistingofdiabetesmellitusosteoporosisamaxillofacialinjurya 

maxillofacialdeficiencyandamaxillofacialdefect.  

38. Themethodofclaim37,whereinthemaxillofacialinjuryisamaxillofacialfracture.  

39, Themethodofanyoneofclaims35-37,wherein 4 

administenngthetherapeutically 

effectiveamountofthecompoundorpharmaceuticalcompositionofanyoneofthepreceding 

claimsisbyinjectionparenteraladministrationorenteraladministration.  
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fractureinthepatient.
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40. Themethodofclaim39,whereintheinjectionissubcutaneous.  

41. Themethodofclaim37,furthercomprisingadministeringasecondtherapytothepatient 

fortreatingthebonefractureortheoneormorecomorbidities.  

42. Themethodofclaim41,whereinthepatienthasatleastdiabetesmellitusand 

administeringthesecondtherapycomprisesadministeringatherapeuticallyeffectiveamountof 

insulintothepatient.  

439 Themethodofclaim41,wherein 9 

administenngthesecondtherapycomprises 

implantationofhardwareoroneormoretherapeuticcompoundsatabonefracturesite.  

44. Themethodofclaim35,whereinthetherapeuticallyeffectiveamountofthecompound 

orpharmaceuticalcompositioncomprisesaconcentrationofcompoundofatorbetween0.01/kg 

ofpatientbodyweightto1mg/kgofpatientbodyweight.  

45. Themethodof'claim35,wherein 9 

administenngtothepatientatherapeuticallyeffective 

amountofthecompoundorthepharmaceuticalcompositionisrepeated1-800timesduringa 

courseoftreatment.  

46. Themethodof'claim35,wherein 9 

patientwithinthreeweeksfollowingadministrationofthetherapeuticallyeffectiveamountof 

thecompoundorthepharmaceuticalcomposition.  

47. Amethodofpromotingbonegrowthinapatientinneedthereofthemethodcomprising 

administeringtothepatientatherapeuticallyeffectiveamountofacompoundofanyoneof 

claims1-32orapharmaceuticalcompositionofclaim33or34,therebyincreasingabone 

mineraldensityinaboneofthepatientascomparedtopre-treatment.  

48. Themethodofclaim47,whereinthepatienthas 9 

49, Themethodofclaim48,whereintheincreasedbonemineraldensityintheboneoccurs 

atafracturesite.  
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administenngresultsinareductionofpaininthe
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50. Themethodofclaim48,whereintheincreasedbonemineraldensityintheboneoccurs 

70 

atoneormoreresorptionpitspresentonthebonepriortotheadministenngstep.











































































                         SEQUENCE LISTING

<110>  Purdue Research Foundation
 
<120>  Compounds, Compositions and Methods of Use to Treat Bone 
       Fractures

<130>  69248‐03

<150>  63/105,669
<151>  2020‐10‐26

<150>  63/193,748
<151>  2021‐05‐27

<160>  21    

<170>  PatentIn version 3.5

<210>  1
<211>  86
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  modified parathyroid hormone‐related protein (PTHrP)

<400>  1

Ala Val Ser Glu His Gln Leu Leu His Asp Lys Gly Lys Ser Ile Gln 
1               5                   10                  15      

Asp Leu Arg Arg Arg Phe Phe Leu His His Leu Ile Ala Glu Ile His 
            20                  25                  30          

Thr Ala Glu Ile Arg Ala Thr Ser Glu Val Ser Pro Asn Ser Lys Pro 
        35                  40                  45              

Ser Pro Asn Thr Lys Asn His Pro Val Arg Phe Gly Ser Asp Asp Glu 
    50                  55                  60                  

Gly Arg Tyr Leu Thr Gln Glu Thr Asn Lys Val Glu Thr Tyr Lys Glu 
65                  70                  75                  80  

Gln Pro Leu Lys Thr Pro 



                85      

<210>  2
<211>  34
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  abaloparatide, an analog of PTHrP

<220>
<221>  SITE
<222>  (29)..(29)
<223>  Where "X" is alpha‐aminoisobutyric acid

<220>
<221>  SITE
<222>  (29)..(29)
<223>  where "X" is alpha‐aminoisobutyric acid

<400>  2

Ala Val Ser Glu His Gln Leu Leu His Asp Lys Gly Lys Ser Ile Gln 
1               5                   10                  15      

Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu His 
            20                  25                  30          

Thr Ala 
        

<210>  3
<211>  56
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  a conjugate with 10 glutamic acid residues

<220>
<221>  SITE
<222>  (29)..(29)
<223>  where "X" is methylalanine



<400>  3

Ala Val Ser Glu His Gln Leu Leu His Asp Lys Gly Lys Ser Ile Gln 
1               5                   10                  15      

Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu His 
            20                  25                  30          

Thr Ala Glu Ile Arg Ala Thr Ser Glu Val Ser Pro Asn Ser Glu Glu 
        35                  40                  45              

Glu Glu Glu Glu Glu Glu Glu Glu 
    50                  55      

<210>  4
<211>  65
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  a conjugate with 20 glutamic acid residues

<220>
<221>  SITE
<222>  (29)..(29)
<223>  where "X" is alpha‐aminoisobutyric acid

<400>  4

Ala Val Ser Glu His Gln Leu Leu His Asp Lys Gly Lys Ser Ile Gln 
1               5                   10                  15      

Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu His 
            20                  25                  30          

Thr Ala Glu Ile Arg Ala Thr Ser Glu Val Ser Pro Asn Ser Glu Glu 
        35                  40                  45              

Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu 
    50                  55                  60                  



Glu 
65  

<210>  5
<211>  42
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  a modified peptide hormone conjugate with 10 glutamic acid 
       residues

<220>
<221>  MISC_FEATURE
<222>  (11)..(12)

<400>  5

His Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Arg Gly Ala Ser Gln 
1               5                   10                  15      

Arg Trp Thr Asp Tyr Gln Phe Phe Gly Val Pro Tyr Arg Pro Phe Asp 
            20                  25                  30          

Pro Leu Val Ala Gln Ser Thr Ser Val Asp 
        35                  40          

<210>  6
<211>  11
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  D10‐ester‐dasatinib

<220>
<221>  SITE
<222>  (1)..(1)
<223>  where "X" indicates ester‐dasatinib

<400>  6

Xaa Asp Asp Asp Asp Asp Asp Asp Asp Asp Asp 
1               5                   10      



<210>  7
<211>  18
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  a conjugate with 10 glutamic acid residues

<220>
<221>  MISC_FEATURE
<222>  (11)..(12)

<400>  7

His Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Arg Arg Glu Thr Ala 
1               5                   10                  15      

Trp Ala 
        

<210>  8
<211>  18
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  OTHER INFORMATION: ITGA conjugated with 10 glutamic acid residues
       (ITGA5)

<220>
<221>  MISC_FEATURE
<222>  (11)..(12)

<400>  8

His Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Arg Arg Glu Thr Ala 
1               5                   10                  15      

Trp Ala 
        

<210>  9



<211>  26
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  a conjugate with 10 glutamic acid residues

<220>
<221>  MISC_FEATURE
<222>  (11)..(12)

<400>  9

His Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Lys Leu Thr Trp Gln 
1               5                   10                  15      

Glu Leu Tyr Gln Leu Lys Tyr Lys Gly Ile 
            20                  25      

<210>  10
<211>  22
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  a conjugate with 10 aspartic acid residues

<220>
<221>  MISC_FEATURE
<222>  (11)..(12)

<400>  10

His Asp Asp Asp Asp Asp Asp Asp Asp Asp Asp Arg Pro Lys Pro Gln 
1               5                   10                  15      

Gln Phe Phe Gly Leu Met 
            20          

<210>  11
<211>  65
<212>  PRT
<213>  Artificial Sequence



<220>
<223>  a conjugate with 20 glutamic acid residues

<220>
<221>  misc_feature
<222>  (29)..(29)
<223>  Xaa can be any naturally occurring amino acid

<400>  11

Ala Val Ser Glu His Gln Leu Leu His Asp Lys Gly Lys Ser Ile Gln 
1               5                   10                  15      

Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu His 
            20                  25                  30          

Thr Ala Glu Ile Arg Ala Thr Ser Glu Val Ser Pro Asn Glu Glu Glu 
        35                  40                  45              

Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu 
    50                  55                  60                  

Glu 
65  

<210>  12
<211>  12
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  a linker

<400>  12

Glu Ile Arg Ala Thr Ser Glu Val Ser Pro Asn Ser 
1               5                   10          

<210>  13
<211>  56
<212>  PRT
<213>  Artificial Sequence



<220>
<223>  a conjugate with 10 glutamic acid residues

<220>
<221>  SITE
<222>  (47)..(56)
<223>  where the glutamic acid residues at positions 47‐56 have 
       D‐chirality

<400>  13

Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn 
1               5                   10                  15      

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His 
            20                  25                  30          

Asn Phe Val Ala Leu Gly Ala Pro Leu Ala Pro Arg Asp Ala Glu Glu 
        35                  40                  45              

Glu Glu Glu Glu Glu Glu Glu Glu 
    50                  55      

<210>  14
<211>  56
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  a conjugate with 10 glutamic acid residues

<220>
<221>  SITE
<222>  (29)..(29)
<223>  where "X" is methylalanine

<220>
<221>  SITE
<222>  (47)..(56)
<223>  where the glutamic acid residues at positions 47‐56 have 
       L‐chirality

<400>  14



Ala Val Ser Glu His Gln Leu Leu His Asp Lys Gly Lys Ser Ile Gln 
1               5                   10                  15      

Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu His 
            20                  25                  30          

Thr Ala Glu Ile Arg Ala Thr Ser Glu Val Ser Pro Asn Ser Glu Glu 
        35                  40                  45              

Glu Glu Glu Glu Glu Glu Glu Glu 
    50                  55      

<210>  15
<211>  46
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  a compound having the X‐Y portion of Formula (I)

<220>
<221>  SITE
<222>  (29)..(29)
<223>  where "X" is alpha‐aminoisobutyric acid or mehtylalanine

<400>  15

Ala Val Ser Glu His Gln Leu Leu His Asp Lys Gly Lys Ser Ile Gln 
1               5                   10                  15      

Asp Leu Arg Arg Arg Glu Leu Leu Glu Lys Leu Leu Xaa Lys Leu His 
            20                  25                  30          

Thr Ala Glu Ile Arg Ala Thr Ser Glu Val Ser Pro Asn Ser 
        35                  40                  45      

<210>  16
<211>  8
<212>  PRT
<213>  Artificial Sequence

<220>



<223>  heparin‐binding domain of FGF2

<400>  16

Tyr Lys Arg Ser Arg Tyr Thr Cys 
1               5               

<210>  17
<211>  39
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  pituitary adenylate cyclase‐activating polypeptide

<400>  17

His Ser Asp Gly Ile Phe Thr Asp Ser Tyr Ser Arg Tyr Arg Lys Gln 
1               5                   10                  15      

Met Ala Val Lys Lys Tyr Leu Ala Ala Val Leu Gly Lys Arg Tyr Lys 
            20                  25                  30          

Gln Arg Val Lys Asn Lys Cys 
        35                  

<210>  18
<211>  15
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  chemotactic cryptic peptide, derived from the CTX region of 
       collagen type III

<400>  18

Tyr Ile Ala Gly Val Gly Gly Glu Lys Ser Gly Gly Phe Tyr Cys 
1               5                   10                  15  

<210>  19
<211>  30
<212>  PRT
<213>  Artificial Sequence



<220>
<223>  casein kinase 2 beta chain

<400>  19

Arg Gln Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Trp Lys Lys 
1               5                   10                  15      

Ile Pro Val Gly Glu Ser Leu Lys Asp Leu Ile Asp Gln Cys 
            20                  25                  30  

<210>  20
<211>  16
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  osteopontin‐derived peptide

<400>  20

Asp Val Asp Val Pro Asp Gly Arg Gly Asp Ser Leu Ala Tyr Gly Cys 
1               5                   10                  15      

<210>  21
<211>  21
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  BMP‐2 fragment

<400>  21

Lys Ile Pro Lys Ala Ser Ser Val Pro Thr Glu Leu Ser Ala Ile Ser 
1               5                   10                  15      

Thr Leu Tyr Leu Cys 
            20      
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