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ABSTRACT 

 
 

Recently,hextensivehreciprocalhinteractionshbetweenfthefimmunefandfskeletalfsystemsfdemons

trated,ftofthefrisefoffafnewfinterdisciplinaryfresearchffield,fnamedf“osteoimmunology”,fthatfisffo

cusedfonfthefunderstandingfoffthefcrosstalkfbetweenfthefbonefandfimmunefsystems.fInfbrief,ft

hisffieldfinvestigatesfthefnexusfbetweenfthefimmunefsystemfimpactingfthefbonefturnoverfinfpa

thologicalfandfphysiologicalfconditionsfthroughfthefimmune-skeletalfinterface.fThe researchers 

havehgainedhbetterhunderstandinghofhthehinteractionshbetweenhbonehcellshandhimmunehsyst

em,handhopenedlhorizonslinlbonelremodeling,lwhereinlthelbonelformationlandlresorptionlcoexi

stlinlaldynamiclequilibriumlwerelunderlstrictlimmunologicallcontrol.lNevertheless,lbonelandlim

munelsystemlarelfunctionallylintegratedlthroughlthelcomplexlhomeostaticlnetworkslandlhence, 

provideshahframeworkhforhobtaininghnewhinsightshforhthehdiscoveryhofhnovelhtreatmentshfo

rhdiseaseshrelatedhtohbothhsystems.hTherefore,hosteoimmunologyhdefinitelyhappearshashbothh

anhinterdisciplinaryhresearchandoclinicalofieldowhichoallowsonewopathogeneticoandoclinicaloi

nterpretationsoofowellknownoandocommonodiseases,osuchoasoosteoporosis,orheumatoidoarthrit

is,operiodontitis,oetc.oTheofieldoofointerestoisoconstantlyoexpanding,othusoenrichingowithoanoi

ncreasingonumberoofotranslationaloimplications,oinoclinicalopracticeoandoevenoinovariousobra

nchesoofomedicine. 
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CHAPTER 1: INTRODUCTION 
 

1.1 What isosteoimmunology? 

 
gOsteoimmunologyfbisfkanfmemergingfPfieldfvoffjresearchfthatexplainsfctheffrelationshipfjbetweenfothefimmune

rprocessesrandrtherbonermetabolismrofrvariousrinflammatoryrbonerdiseases.rThermechanismsr

governingrtherosteoblastrandrosteoclastrarercriticalrforrtherunderstandingrofrtherhealthrandrdisea

serofrtherskeletalrsystem.rTherfieldrinvestigatesrinteractionsrbetweenrskeletonrandrimmunersys

tem. 

ThektermkosteoimmunologykwaskfirstktimekcoinedkbykArronkandkChoi,ktokdescribekthekphe

nomenonkofkT-

cellmediatedkregulationkofkthekosteoclasts.kAlso,kmostkofkthekresearchkworkkcarriedkoutkinkt

hiskfieldkarekquitekrecentkandkarekmainlykfocusedkonkthekinfluencekofkthekimmuneksystem

konkosteoclastkphysiology.kAskakmatterkofkfact,kthekbonekcellsksharekakcommonkoriginkwit

hkimmunekcells,ksincektheykbothkarisekfromkbonekmarrowkhematopoietickstemkcells.k 

1.2 Importance ofosteoimmunology: 

 
Theiimmuneisystemiisianiorganizationioficellsiandimoleculesiwithispecializedirolesiinidefendin

giagainstipathogenicibacteriai(extraiandiintracellular),ivirusesi(intracellular),ifungi,iprotozoaioth

eriparasitesiandialsoitoiprotectiusifromineoplasticicells.Wheniaipathogenientersitheihumanibody

iforitheiveryifirstitime,iitiimmediatelyiencountersicellsiofitheiinnateiimmuneisystemithatiareicon

stantlyipatrollingiforiforeigniinvaders.iTheimacrophages,ineutrophilsiandidendriticicellsiactsiasit

heidefenseimechanism,iwhichiengulfiandidestroyitheiforeignipathogensianditheiinfectedibodyic

ellsiasiwell.iTheiguardicellsithenibreakidownitheimaterialitheyihaveiingestediandidisplayisampl

esiofitheiintruder’sicomponentsiknowniasiantigensisoithatimembersiofitheiadaptiveiimmuneisyst

em,iTiandiBicells,icanibecomeifamiliariwithitheipathogen’siappearance.iAtitheisameitime,itheia

ntigen- 
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the killer T cells destroy the cells colonized by the invading microbes while the B cells release 

antibodymolecules.kItktakesktimekforkthekinteractionsktokhappenklwithkaantigenkmpresentingkvcellskctokbcreate 

btheseB and gTmcells, kbuta bsubset remains yin cthembodyfas 

the“memory”lcells.kTherekiskakclosekrelationshipkbetweenkthekimmunekandkboneksystems.kRes

earchkintokthekbonekdestructionkassociatedkwithkinflammatorykdiseasesksuchkaskosteoporosis,

krheumatoidkarthritis,kperiodontalkdisease,kosteoarthritis,kPaget’skdisease,kmultiplekmyelomakan

dkmetastatickbonektumorskhighlightskthekimportancekofkthekinterkplaykofkthekimmunekandksk

eletalksystems.kThekcrosstalkkbetweenktheseksystemskhaskledktokthekemergencekofkankinterdi

sciplinarykfieldkcalledkosteoimmunology.kAlthough,kosteoimmunologykinitiallykmstartedktwithkqthekls

tudykmofktheklimmunekmregulationkaofklosteoclastskbut,koitskhscopekkhasknowkvbeenkmextendedktokpencompassktakvwid

ekvrangekofkbcellularkbandklmolecularkvinteractions,kvincludingkbthoseknbetweenkmosteoclastskvandkosteoblast

s,kbosteoclastskandkmlymphocytes,knandkhematopoietickcellskaandkosteoblast. 

Atsthessamestime,svarioussfactorssproducedsduringsthesimmunesresponsessaresalsossignificantly

scapablesofseffectingsthesbonesregulationsandsmetabolism.sTherefore,sthestwossystemssneedsstos

besunderstoodsthereby,stosintegratesandsoperatesinsthescontextsofsthesosteoimmunessystem,sallo

wingsasheuristicsconceptswhichsaimsstosprovidesasscientificsbasissforsthesdiscoverysofsnovelstre

atmentssforsdiseasessrelatedstosbothssystemssbutsalso,sasframeworksforsobtainingsnewsinsightss

bysbasicsresearchstoo. 

1.3 What is bonebiology? 

 
Bonekiskakkeykelementkofkthekskeletalksystemkwhichkevidentlyksupportsklocomotorkactivity

kinkvertebrates,kbutkisksimultaneouslykakmultifunctionalkorgankthatkdepositskandkmaintainsk

thekmetabolickhomeostasiskofkmineralsksuchkaskcalciumkandkphosphate.kInimaddition,inboneimarr

owibharborsimatureiimmuneimcellsinandihematopoieticistemivcells,izincludingizBincells,iqaivsmallionumberibofisTi

hcellsiandimacrophages.ihTheihost-defenseimechanism of immune system maintains 

byelementsfincludingfvirus,fcancerfandfbacteria.fThefimmunefsystemfstartsffromfthefplantsfandf

primitivefanimalsfandftherefore,fformsfthefbasisfforfcomplexfsystemsfoffinnatefandfadaptivefi

mmunitiesffoundfespeciallyfinfvertebrates.fHowever,fthefhighlyfdevelopedfvertebratefimmunef

systemfrequiresfbothftheftissuesfandffunctionallyfspecializedfimmunefcellsfforfthefgenerationfa

ndfmaintenancefoffcells,fsuchfasfthefthymus,fspleen,flymphfnodefandfbonefmarrow. 
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CHAPTER 2: BONE CELLS ANDfTHEfIMMUNEfSYSTEM 
 

2.1 The origin of bone cell: 

 
i. Osteoclasts: 

Osteoclastsaareamultinucleatedagiantacellsathataformafromatheafusionaofamononuclear

aprecursoracells.aMatureaosteoclastsaareauniqueainatheiracapacityatoaefficientlyaresorb

aboneaandacontainaaavarietyaofaspecificacellastructuresathatafacilitateathisaprocess.aTh

eaoriginaofatheaosteoclastaprecursoracellahasabeenawellastudied.aInitialaworkademonstr

atedathataosteoclastsashareamanyacharacteristicsawithamacrophages.aAlthough,aosteocl

astsaandamacrophagesaappearatoaexpressasomeacommonaantigens,athereaareaalsoaclear

adifferencesainatheaexpressionaofasurfaceaantigensathataseparateatheseatwoacellatypes.

aMononuclearacells,awhichhcanhdifferentiatehintohosteoclastlikehcellsh(OCL)hinhahvar

ietyhofhinhvitrohculturehsystems,harehpresenthinhthehbonehmarrowhandhthehperiphera

lhblood.hThehavailabilityhofhmultiplehantibodieshrecognizinghcellhsurfacehmolecules,h

whichharehexpressedhonhhematopoietichcells,hhashallowedhthehidentificationhofhbone

hmarrowhperipheralhbloodhandhspleenhcellhpopulationshthathcanhformhOCLhinhvitro. 

ii. Osteoblasts:iOsteoblastsiareiderivedifromiaimesenchymaliprogenitoricellithatiisimultipo

tentialiandialsoicanidifferentiateiintoimarrowistromalicellsiandiadipocytes.iAlthough,ithe

isignalsithatiregulateitheidecisioniofimesenchymaliprogenitoricellsitoiformiosteoblastsiar

eiincompletelyiunderstood.iHowever,iainumberioficriticaliparacrineisignalsiandicelliauto

nomousitranscriptionifactorsihaveibeeniidentified.iTheseiincludeitheitranscriptionifactors

iRunx2iandiosterix,iwhichiwheniabsentipreventiosteoblastiformation,ianditheiboneimorp

hogeniciproteini(BMP)ifamily,iwhichiinitiatesitheisignalsiforiosteoblastidifferentiation.i

Mostirecently,iitiwasifoundithatiWntisignalingipathwaysiareiinvolvediinitheidecisioniofit

heimesenchymaliprogenitoricellitoibecomeieitherianiadipocyteiorianiosteoblast.iAsimatri

xicalcifiesiunderitheiinfluenceiofitheiosteoblastiproducedienzyme.Osteocytestheninterco

nnectikwithifeachikotheriuwithiftheidcellsibpresentiativboneivsurfaceiviaicellular projections, which called 

dendriticprocesses which reside in the form of channels in the mineralized bone, 

termedcanaliculi. 

iii. hOsteocytes: hOsteocytes produces the Receptor Activator of Nuclear factor 

KappaiBiligandi(RANKL)iinitheibone,ithereforeisinceithisicytokineiisiimportantiiforilymph

ocyteidevelopmentiasicellitypeicouldiinfImmuneisystem.iIndeed,iitihasibeenidemonstratedit
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hatiRANKLiarisingifromiosteocytesicontributesitoitheiboneilossiandiincreasediosteoclastog

enesisiobservediiniestrogenideficienticonditions.iSubsequently,iparticularideletioniofitheiR

ankligeneiinitheiosteocytesipreventsiincreaseiiniBicelliformation. 

 

Figure 1: The bone environment 

 

 
2.2 gImmunedbcellsdkindhboneddphysiology: 

 
Boneicellsiinfluencesitheiimmuneisystem,iandiemploysitheimmuneifactorsiforitheiriphysiologicifu

nction and vice-versa, asidescribedibelow: 

1. T-Cells:hT-cellsharehcomponenthofhadaptivehimmunity.hThesehcellshare very rare 

alsohplayhahrolehinhosteoimmunology.hTcellsharehnothallhcreatedhequal,handhinhthishgroup

,hwehcanhfindhCD4+hT-hhelpers,hcytotoxichCD8+hT-

cells,hfurtherhsubcategorizedhinhTh17,hTh2,hTh1,handhT-reghcells,hwhich plays a in 

rolehinhpreventinghexcessivehorhimproperh(e.g.self-directed)immuneresponse.The links 

between T-cells and bone biology are numerous, essentially all the subtypes of T-cells are able to 

influence bone cells (mostly osteoclasts). The expression of a cytokine signature: IL-17A, IL-

17F, IL-22, IL-26, and IFN-γ. These cells can induce Macrophage Colony-Stimulating Factor (M-

CSF) and RANKL expression in osteoblasts and stromal cells, produceRANKL and TNF-α, 

increasingiRANKiexpressioniiniosteoclastiprecursors.iTheseifeaturesimakeithemipotentiosteocla

stogenesisiinducers,iwhichihaveibeenialreadyidescribediasiplayersiinihumaniboneidiseases,isuchi

asiRAiandimultipleimyeloma. 

2. DendriticpCells:pDendriticpCellsp(DCs)parepthepantigenpresentingpcellspthatpimportanttroletoft
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directingtcellmediatedtimmunityttowardtthetrightttargets,tastquicklytastpossibletandtavoi

dimmunity.tTheirtroletintbonetbiologythastintfacttbeenthistoricallytthoughttastmostlytind

irect,tthroughtTcells.tDendritictcellstalsotregulatetsubtypetbalancetthroughtcytokinetsign

alingtandttheirtactivity.tAntinterestingtconcepttthattcouldtbetimportanttintRheumatoidtAr

thritist(RA)tistthattDCsttransdifferentiatetintotosteoclaststthroughtRANKLtstimulationta

ndtMCSF.tSincetDCstaretnumeroustintnumberthence,ttheytcouldtwellcontributettotthetos

teolytictdiseasetliketRA.tHowever,tDCsthastnottbeentinvestigatedtinthumantstudies. 

3. Neutrophils:sNeutrophilssplaysapivotal rolesinsbonesbiology,sandsinsparticular, in the 

inflammation-induced bone loss. In fact, neutrophils are the first cell type migrating to 

damage sites, including bone, where they secrete cytokines, many chemokines and small 

molecules,whichactsasimmunomodulatoryfactors.However,theabsenceofneutrophils is 

more damaging to the bone tissue since, it results in local IL-17-driven inflammatory 

bone loss eventually. The activated neutrophils express RANKL in the inflammatory site, 

and if that site is the synovium, they can also participate in osteoclastogenesis, thereby 

increasingtheRA-relatedosteolysis.However,theroleofneutrophilsinosteoimmunology is 

not cut-and dried, and that the activated neutrophils are surely the osteoclastogenesis 

inducers having effects, both directly andindirectly. 

4. NaturalKiller(NK)Cells:NaturalKiller(NK)cells helps intheregulatingthe 

boneenvironment. Theyareinvolved in bone destruction induced by RA, and in osteoblast 

cell death, thereby making these cells a potential therapeutic target to reduce RA- 

induced bonedestruction. 

5. OsteomacsandBoneMarrowMacrophages:Boneandbone marrow present with resident 

macrophages, which include bone marrow macrophagesand osteal macrophages. The 

latter, also known as osteomacs, are TRAcP negative and F4/80 

positive,locatedclosetothebonesurfaceandareversatilecells,abletoregulatebonemass and 

become osteoclasts, and also, participate actively in the homeostasis of the immune 

system. Inflammation and Inflammatory Factors Several cells of the immune system (T 

and B cells, NK cells, monocyte/macrophage and dendritic cells) produce InterFeroN 

(IFN)-γ,whichhasapivotalroleininnateandadaptiveimmuneresponsesaswellasinthe 

regulation ofinflammation. 
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 Figure 2: The immune interactions 
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Figure 3: The regulation of  

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The regulation of the immune cells by bone cells. Osteoclasts reduce hematopoietic stem cells 

(HSCs) by secretion of the cathepsin K (CTSK) thatis involved in degrading the 

stemcellfactor(SCF),stromal cell- derivedfactor(SDF),andosteopontin(OPN)deprivingtheboneniche ofthe 

HSC-bindingsites.After stimulation, the osteoblasts alongwiththe help of pro- osteoblastogenic factors such as 

Jagged1 (Jag 1), intermittent parathyroid hormone (PTH), binds with the NOTCH1 on HSCs, 

andsallowsBscellssto interact wtointeractsinsseveralways. 
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CHAPTER 3: THE BONE REMODELLING 
 

3.1 Bone remodellingprocess: 

 
Bonedremodellingdisdadcoordinateddprocessdbetweendformationdandddegradationdofdbone,dr

espectivelydmanageddbydosteoblastsd(OBs)danddosteoclastsd(OCs),densuringdbonedhomeosta

sis.dDuringdbonedremodeling,ddamageddand/ordageddbonedisdbeingdreplaceddbydandequivale

ntdamountdofdnewdbonedtodmaintaindnormaldbonedmassdanddquality.dBonedresorptiondisdti

ghtlydcoupleddwithdsubsequentdbonedformationdindadremodelingdprocessdtodachievedthis.dT

hedprocessdofdlinkingdresorptiondtodformationdisdcalledd“coupling”,dandditdhasdreceiveddco

nsiderabledattentiondindbonedresearch.dBonedremodelingdisdcarrieddoutdindthreedsequentiald

phases:dthed“initiation”dofdbonedresorptiondbydosteoclasts,dthed“transition”dfromdresorptiondt

odnewdbonedformationd(alsodwelldknowndasd“reversal”dperiod),dandd“bonedformation”. 

Bone was viewed as a static tissue, “scaffolding” for all the other organs, whereas, bone is a 

organ that is dynamic, that undergoes continuous cycles of modeling during growth and 

remodeling during adulthood, guaranteeing proper bone shape. Bone modeling and remodeling 

are guaranteed by the mechanism 

of:osteoblasts,whichdeposebone,osteoclasts,whichresorbbone,andosteocytes,which are former 

osteoblasts buried in bone matrix, controlling bone mechanophysiology, and able to resorb and 

depose bone. The process of bone remodeling is categorized into four phasesnamely: 

1. Latent phase: Osteocytes activate the bone-lining cells followed by a stimulus, whereby 

initiation of differentiation of osteoclast and exposition to the bonesurface; 

2. Activation phase: Osteoclasts then helps in resorption of the bone remained by the bone- 

lining cells and then detach themselves from the bone and undergoapoptosis; 

3. Reverse phase: Macrophage-like cells migrates to the lacuna and cleans 

thedebrisleftbythereversecells and osteoclasts,andsecretesthatsummonsthe osteoblast in 

resorptionlacuna; 

4. Formation phase: this is the lengthiest phase in the bone remodeling process, lasting up to 

6-8 months, wherein,theosteoblastsoccupythelacuna for 

resorptionandfillthemwiththeorganicosteoid 
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matrix and finally mineralizes. In this end phase, osteoblasts undergoes apoptosis, or may 

embed themselves in the bone matrix they’ve produced, forming osteocytes. 

Bone modeling and remodeling are identical processes sharing same mechanisms. In modeling 

happens during growth and fracture repair, and guaranteeing the mass accrual, while remodeling 

happens in adulthood and does not change the bone mass, but keeps mechanical property at 

physiological levels by renewal process. 

The coupling mechanism hypothesis was first proposed by Baylinkin 1981, 

basedonthesoluble“couplingfactor”releasedfromthebonematrixduringbone resorption that 

stimulated bone formation in organ culture. Nevertheless, the evidence from mouse genetics and 

human confirms this hypothesis that, patients with osteopetrosis due to the absence of osteoclasts 

had a reduced bone resorption as well as the reduced bone formation; and osteoclasts, suggesting 

that coupling factors are provided by osteoclasts themselves but, they don’t resorbthe bone and 

are released from the matrix during the process of the resorption of bone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4: The bone remodelling cycle 
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3.2 Cellular and molecular mechanisms in boneremodelling: 

 

1. The Basic MulticellularUnit 

Bonehishahdynamichtissuehformedhbyhahproteinhandhmineralhsalthmatrixhinhwhichha

rehembeddedhthehbonehcells,hosteocytesh(OCy),hosteoblastsh(OB)handhosteoclastsh(O

C).hSubsequently,hotherhcellshtakinghparthinhbonehcomposition,hincludinghcartilage,h

stromal,hmesenchymalhandhhematopoietichstemhcells,harehallhlinkedhbyhahdensehnet

workhofhsignals.hAntagonistichsignalinghbetweenhskeletalhstemhcellderivedhsubsetshis

hahkeyhmechanismhinhskeletalhsubsethlineagehcommitment.hBonehtissuehundergoeshc

ontinuoushadaptationhduringhlifetimehtohpreservehthehstructurehofhthehskeletonhandht

ohcontrolhthehmineralhhomeostasis.hBonehturnoverhrequireshtwohcoordinatedhprocesse

s:hbonehformation,hdrivenhbyhOBhandhbonehresorption,hmediatedhbyhOC. 

OCy, by a complex network of  channels, transmit micro-traumatic and mechanical 

signals for activation of repairing. They exert a fundamental role in the control of OB and 

OC functions. The OCy synthesize the mineral component, and the bone matrix proteins, 

which helps in determination of the quality of the 

bone.Therejarejmultiplejsubpopulationsjofjperisinusoidaljmesenchymaljstem/progenitorj

cellsj(MSPCs),jthatjhavejspecificjrelationshipsjwithjthejdifferentjkindsjofjniche,ji.e.jthejs

urroundingjmicroenvironmentjinjwhichjthejselfrenewaljandjmultilineagejstemjcellsjproli

feratejandjdifferentiate. 

Thetstemtcellstthattrepairtandtmaintaintthetpostnataltskeletontistantosteochondroreticulart(

OCR)tstemtcelltthattgeneratetreticulartmarrowtstromaltcellst,OB, chondrocytes, but 

notiadipocytes.iTheyiareicharacterizedibyitheiexpressioniofitheiboneimorphogeneticiprotei

ni(BMP)iantagonistigremlini1i(Gremi1).iTheiperisinusoidaliMSCipopulationialsoicontai

nsiNesGFP,ileptinireceptori(Lepr)creiandiCD146iexpressingicellsiwithiosteogeniciandia

dipogenicipotential. 

Theiosteoblastiprecursoricellsi(OBP)iafteriincreasingitheiosteopontinireceptori(CD44)ian

ditheireceptoriforistromalicellderivedifactori1i iSDF1i(CXCR4)iexpression,imigrateian
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OCbarebthebmultinucleatedbmyeloidbcells,bspecializedbinbthebremovalbofbmineralized

bbonebmatrixbbybthebproductionbofbcatepsinbkbandblysosomalbenzymes,bsuchbasbtart

rateresistantbacidbphosphataseb(TRAP),bagainstbabselectivebinhibitorb(odanacatib)bwh

ichbhasbbeenbrecentlybsynthesizedbtobbebemployedbinbthebosteoporoticbpatients.bThe

y’rebderivedbfrombabbonebmarrowbprecursorbwhichbsubsequently,bgivesbrisebtobprof

essionalbantigenbpresentingbcellsb(APC),bi.e.,bmacrophagesbandbdendriticbcells.bOCb

maybbebthereforebmaybebconsideredbasbspecializedbimmunebcells.bAlso,bOB,bOCyba

ndbOCbcommunicatebwithbeachbotherbcontinuouslybasbtoboptimizebthebbonebquality. 

2. The ReceptorNetwork 

 
ThelbindingloflRANKlreceptorlonlOClandltheirlprecursorslbylitslligandlRANKL,lexpre

ssedlbylOBlandlstromallcells,lislthelmainlactivationlsignallforlbonelresorption.lThelOBl

derivedlMCSFllinksltolitslreceptorlcfmslonlthelsurfaceloflosteoclastlcelllprecursorsl(OC

P),lenablinglthelRANK/RANKLlsignal.lOsteoprotegerinl(OPG)linhibitslosteoclastogene

sistbyttreceptortoftRANKL,tthustpreventingtbonetresorption.tRANKtreceptortontOC,tthroug

htthe facilitation of the ttumor-necrosis-factor-treceptor-associatedtfactor 6 (TRAF6), 

bound to bind with the cytoplasmic tail, activates NF-kB and 

otherktranscriptionkfactors,ksuchkaskMAPKs,kcfos,kactivatorkproteink1k(AP1),kupktok

nuclearkfactorkofkactivatedkTkcellsk(NFATc1),kthekhubkofkvariousksignalingkpathwa

ys.kSimultaneously,dthedactivationdofdRANKdinducedthedphosphorylationdthatdaredassoci

ateddwithdthedadaptordproteins,dlikedthedimmunoreceptordtyrosine-

baseddactivationdmotifd(ITAM)danddFcreceptordcommondgammad(FcRγ).iManyiotherirec

eptoripathwaysiinteractiwithiRANK,isomeicostimulatorsiandiamplificators,iothersiinhibit

orsiandimodulators,iandimanyiofitheseiareisharedibyiimmuneicells.iAniinhibitorireceptor

isystemiforiRANKisignaliisiephrini(Eph)iB2/B4.iEphB2ireceptorioniOC,istimulatedibyi

EphB4iligandioniOB,iinhibitsitheiOCidifferentiationiblockingic-

fosianditheiNFATc1transcriptional cascade.  
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Figure 5 & 6: RANKL-RANK-OPG axis and ITAM pathway in osteoimmunology 

 
3.3 fEssentialhhrolehbofhvRANKLhzinhkbonehometabolism: 

 
RANKLsissasmembraneboundsmolecule,sandsthessolublesformsissproducedsbysassheddingspro

cesssthatsissmediatedsbysproteolyticscleavagesbysmetalloproteinasesssuchsassMMP-

14.sBothsthessoluble 

pandifmembraneicboundibformsibofivRANKLibfunctionivbasibagonisticimligandsivforiRANK.hHowever,hthe

hmembraneboundhRANKLhishmorehefficienththanhitshsolublehform.hRANKLhserveshashahsurviva

lhfactorhforhosteoclasthlineagehandhchemotactichcells,hbuthit’shunclearhhowhthehmembraneboundh

andhsolublehformshspecificallyhcontributehtohsuchhfunctions.hRANKLhishKexpressedioiniimesenchym

aliicellsiisuchidasifboneihmarrowijstromaliccellsib(BMSCs)iand osteoblasts. 

The Osteoclast Differentiation Factor This was identified even before the origin and formal 

naming of the branch, the fieldof “osteoimmunology.” More thanthree 
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decadesiago,iantigenstimulatediimmuneicellsiwereishownitoiproduceisolubleifactorsisuchiasiinte

rleukini(IL)1ithatistimulateiosteoclasticiboneiresorption.iSinceithei1980s,iitihasibeeniobserveditha

tiosteoblastilineageicellsiandiboneimarrowistromalicellsiofimesenchymalilineageiareiinvolvediin

itheiregulationiofiosteoclastidifferentiationiinitheiboneimarrowimicroenvironment,iindicatingitha

tiosteoclastogenesissupportingimesenchymalicellsiprovideicertainifactorsiessentialiforiosteoclast

idifferentiation.iBurgerietial.ifoundithatiosteoclastsicouldibeidevelopediusingianiinivitroicocultur

eiofiembryoniciboneirudimentsiandihematopoieticicells.iSinceiembryoniciboneirudimentsicontai

nichondrocytesiasiwelliasiosteoblastsiandiosteocytes,itheiresultisuggestedithatitheseicellsiareiinvo

lvediinitheiregulationiofiosteoclastogenesis.iAnotheriinivitroicocultureisystemiforiosteoclastoge

nesisihasibeeniestablishediandiisiwidelyiused.iThisicocultureisystemirequiresicelltocellicontactibe

tweenitheiosteoclastiprecursoricellsiofimonocyte/macrophageilineageiandiosteoblastilineageicells

iderivedifromicalvarialibone.iTherefore,iitiwasihypothesizedithatiosteoclastogenesisisupportingi

cellsishouldiexpressianiosteoclastidifferentiationifactori(ODF)iasiaimembraneiprotein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Cells, ligands, receptors and decoys 
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CHAPTER 4: kOSTEOIMMUNOLOGYihINifBONEidANDikIMMUNEiaDISEASES 
 

rTheawinterconnenction:animmuneaqsystemavandakboneadinacphysiologyacisakmaintainedaainahjpathologic

alavconditionsaaandaqsome of the diseases found associated with the osteoimmunology disease are::- 

1. RheumatoiddArthritis.dRheumatoiddarthritisd(RA)daffectsd12%dofdthedpopulatio

ndanddinvolvesdandautoimmunedreactiondwithdandautoantibodydresponsedtodcitrul

linateddproteinsd(anddothersdsuchdasdrheumatoiddfactordanddcollagendtypedII).dR

Adisdcharacterizeddbydsynovitisdinvolvingdangiogenesis,dsynovialdproliferation,din

creaseddinfiltration,dsurvival,dandddecreaseddapoptosisdofdinflammatorydcells.dFur

therdtodthisdtheredisdandincreasedindosteoclastdnumberdanddactivitydleadingdtodfo

caldbonederosions,djuxtaarticulardosteopenia,danddjointddestruction.dAnimaldmodel

sdsuggestdthatdtheredmaydalsodbedsuppressiondofdlocaliseddosteoblastdformationd

ofdbone. 

2. Periodontitis:jPeriodontitisjisjajinflammatorychronicjdiseasejofjthejgingivaljtissues,j

withjanjassociatedjlossjofjthejsupportingjstructuresjincludingjthejperiodontaljligamen

tjandjalveolarjbone.jThejaetiologyjinvolvesjanjinflammatoryjresponsejtojbacterialjinf

ectionjsuchjasjP.jgingivalisjandjpossiblyjanjautoimmunejreaction,jasjreviewed.jPerio

dontitisjisjthejmostjcommonjandjwidespreadjbonejlossjpathologyjinjhumansjwithj64

%jofjthejUSjpopulationjagedj65jyearsjandjolderjreportedjasjhavingjmoderatejorjseve

rejperiodontitis.jDespitejthejprevalencejofjthisjdiseasejthejmostjcommonjtreatmentjisj

eitherjmechanicaljsubgingivaljplaquejremovaljorjsurgicaljdebridement.jInevitably,jin

jthejabsencejofjeffectivejtreatment,jsupportjstructuresj(periodontium)jarejcompromis

edjandjthejaffectedjteethjwilljloosenjandjfalljout.jPeriodontitisjandjRAj havejthejsimila

rjpathophysiology,jcharacterizedjbyjdestructivejinflammationjthatjculminatesjinjlocali

zedjbonejloss.jThejcitrullinationjofjproteinsjbyjP.jgingivalisjandjthejsubsequentjgenera

tionjofjautoantigensjthatjdrivejautoimmunityjinjRAjhavejbeenjproposedjasjajpossible

jmechanismjlinkingjthesejtwojdiseases. 

3. PostmenopausalaOsteoporosis:ajOsteoporosisasisaqaakudisorderaocharacterizedahbyavcompr

omisedanboneadstrengthanandabdeteriorationakofaaboneagqualityavandaucompromisedazboneavstre

ngth,aaoftenajleadingattoavfragilitya(lowatrauma)afractures.aTheaimpactaofathis
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termstoftcost,tmorbiditytandtmortality.tAccordingttotdatatfromtthetNationaltHealthtan

dtNutritiontExaminationtSurveyt(2005,2008),t9%toftadultstaget50tandtolderthadtoste

oporosistattthetfemurtnecktortlumbartspine.tAboutt47%thadtlowtbonetmasstatteithertsit

e.tThetimpacttoftthistdisordertistsignificanttinttermstoftcost,tmorbiditytandtmortality.t

Estrogentistathormonetimportanttfortnottonlytthetdevelopmenttandtmaintenancetoftth

etfemaletreproductivetsystem,tbuttalsotbonethomeostasis.tIntpostmenopausaltwomen,

tatreductiontintthetestrogentleveltresultstintrapidtbonetlosstandtantincreasedtrisktoftb

onetfractures.tBonetcells,tincludingtosteoclasts,tosteoblasts,tandtosteocytes,texpresstt

hetnucleartestrogentreceptor.tBesides,testrogentexertstmultipleteffectstontimmunetcel

lstincludingtlymphocytes,tmacrophages,tandtdendritictcells,twhichtalsotexpresstnucle

artestrogentreceptors,tittistnecessaryttotconsidertthetcomplextinteractionstthattexisttam

ongtestrogentdeficiency,tbonetloss,tandtthetimmunetsystem. 

4. kBoneidFractureijHealing:ikBoneiifractureiahealingilisivphysiologicalivprocessiqkinibwhichiithe

ibone consistently returns to its original shape, structure, and mechanical strength. In 

response to tissue injury, a multistage repair process is initiated for the regeneration 

of bone. Bone regeneration comprises a cascade of events involving blood clot 

formation, inflammation, callus generation, primary bone formation, and secondary 

bone remodeling. Immediately after injury, the first stage of bone healing, hematoma 

formation, starts with vessels 

disruption,plateletaggregation,andbloodcoagulationintheinjurysite.Thehematoma 

contains immune cells such as neutrophils, macrophages, and lymphocytes. Removal 

of the hematoma after injury results in significantly delayed healing, suggesting a key 

role of the immune cells and their cytokines in fracture repair. 

Aniinflammatoryiresponseiisiinitiatedicoincidentwiththehematomaformation. 
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5. MyelodysplasiapandpAcutepMyeloidpLeukemia:pAnotherpstrongplinkpbetweenpbon

epandpthepimmunepsystempispthepfactpthatposteoblastspcanpinfluencepthepprogressionp

ofppreneoplasticpandpneoplasticptransformationspinpthepmyeloidplineage.pInpfact,posteo

blastsparepableptopslowpdownpleukemiapprogressionpinpmouse,pcreatingpanpunfavorabl

epmicroenvironmentpforpleukemicpblastpgrowth.pConsistently,posteoblastpnumberpispr

educedpbypmorepthanphalfpinpleukemicppatients.pSimulatingpthispsituationpbypmousep

genetics,pcausespleukemicpblastsptopgrowpfasterpandpengraftpbetter.pThepsamepauthors

pdemonstratedpthatposteoblastsphavepanotherptightplinkptophumanpleukemia:posteoblas

tspthatphavepbeenpgeneticallypengineeredptopexpresspapconstitutivelypactivepformpofpβ

pcatenin,parepableptopinducepleukemicptransformationpinpmyeloidpcells,pcausingpMyel

oDysplaSiap(MDS)pandpthenpAcutepMyeloidpLeukemiap(AML).pThepconceptpofpbon

epcellspinducingpmalignantptransformation,phowever,pwaspnotpnew,psincepalreadypapf

ewpyearspearlier,pRaaijmakerspandpcolleaguespfoundpthatpablatingpthepmiRNApproces

singpproteinpdicerpfromposteoblastpprogenitorspinducespdysfunctionalphaematopoiesis

,peventuallypleadingptopMDSpandpAMLpdevelopment.pThepfieldpofp“niche-

inducedpleukemia”phaspreceivedpmuchpattention,pandpstillpmanypgroupsparepworkingp

onpthisptopicptopdate. 
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CHAPTERp5:pTHEpLATESTpDEVELOPMENTSpINpOSTEOIMMUNOLOGY 
 

Despiteimuchiofitheifieldihasialreadyiemerged,iseveraligroupsiareistilliactivelyidiscoveringinewimole

culesithaticanibeiconsideredipartiofitheiosteoimmunologyiworld.iThisihasibeenitheicaseiforiaisecret

ediproteininamedihomologousitoiLymphotoxin,iexhibitsiInducibleiexpressioniandicompetesiwithiH

SViGlycoproteiniDiforibindingitoiHerpesvirusientryimediator,iaireceptoriexpressedioniTilymphocyt

esi(LIGHT,ia.k.a.iTumoriNecrosisiFactoriSuperFamilyimemberi14,iTNFSF14),iwhichihasibeenilink

editoiincreasediboneiresorptioniiniosteoarthritisimoreithani10iyearsiago,iandihasiknowniairenaissan

ceiinitheilastifewiyearsiasitargetiforiboneilossiandibiomarkeriforiboneidiseaseiinimultipleimyeloma.i

Thisimoleculeiseemsitoihaveiaidualieffectiinibone:ihighilevelstaretlinkedttotbonetloss,tandtsotistits

tabsence.tThetmechanismstinvolvingtittaretthereforetquitetcomplex.Thisibehavioriisialsoicommon

itoianotheriregulatoriofiboneimassithatihasirecentlyiemergediinitheilastifewiyears:iLipoCaliN-

2i(Lcn2).iThisiproteiniisialsoicallediNeutrophiliGelatinase-AssociatedcLipocalinc(NGAL),cas 

itccancbindcMMP9,caccrucialcfactorcforcneutrophilcextravasation.cFurthermore,cLcn2ciscalsocr

eadilycoverexpressedcduringcinflammation,candcfollowingctreatmentcwithcTNFα,cIL17,candcI

L1β,candcitscrolecincinflammatorycdiseasescisconlycstartingctocemerge;cwhatciscsureciscthatct

hiscmoleculeccancbecconsideredcacplayercincinnatecimmunity.cInb2009,Lcn2bisbstronglybover

expressedbinbosteoblastsbfollowingbinbvitrobmechanicalbunloadingwhichbledbtobthebconceptb

thatbLcn2bisbabmechanoresponsivebgenebregulatingbbonebhomeostasis.bSurprisingly,bremovi

ngbthisbproteinbreducedbbonebmass.bThisbisbmostlybduebtobthebfactbthatbLcn2bimpairsbimp

airsbenergybmetabolismbwhenbremoved,osteoblastsbwhenboverexpressed,bwhichbcausesbanbi

ndirectbosteoblastbdysfunction.bThebrolebofbLcn2binbbonebisbstillbunderbinvestigationbbyoth

erbgroupsbwherebitbhasbbeenbfoundbtobinfluencebhematopoiesis,bandbthebmelatoninbreceptor

bMC4R. 
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CHAPTERi6:iSUMMARYiANDiPERSPECTIVES 
 

Thejbonejisjajorganjthatjrespondsjtojajvarietyjofjexogenousjstimulijandjregulatesjitselfjaccordingjtoj

variousjenvironmentaljcuesjsuchjasjtumors,calciumjintake,jaging,jmechanostressandjinfections.jTh

ejbonejcarriesjdiversejfunctionsjrelatedjtojthejendocrine,skeletal,andtimmunetsystems, and 

research is carried out in various 

fieldsjbut,jtojunderstandjmultifunctionaljorgansjlikejbone,jitjisjjnecessaryjtojunitejthejfindingsjandjk

nowledgejobtainedjfromeachjdiscipline.jOsteoimmunologyjisjajgoodjexamplejofjsuchjinterdisciplina

ryjunification.jInjthisjsensejitjisjnojwonderjthatjosteoimmunologyjisjcoveringjanjincreasinglyjwiderjfi

eld,jbecausejoncejonejseesjthejcrucialjconnections,jitjisjobviousjwhyjitjisjcruciallyjimportantjtojinve

stigatejanythingjrelatedjtojeitherjbonejorjimmunologyjfromjthejunifiedjviewpointjofjosteoimmunol

ogy.jInjthejfuture,jitjwilljbejintriguingjtojanalyzejmechanicallyandjelucidatejthejevolutionallyjrelati

onshipsjbetweenjbonejandjthejimmunejsystem.dThedconceptdofdosteoimmunologydisdnotdonlyd

ofdcrucialdimportancedfordsuchdissuesdindbasicdbiology,dbutdalsodtheddevelopmentdofdnovel

dtherapeuticdstrategiesdindjointdandaboneddiseasesdasdwelldasdimmuneddisorders. 
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CHAPTERj7:jCONCLUSION 
 

Thejconceptjofjosteoimmunologyjisjagingjwell,jalmostj20jyearsjsincejthejtermjwasjcoined.jThisjwa

yjofjinterpretingjbonejandjthejimmunejsystemjhasjbeenjsteadilyjprovidingjnewjinsightsjaboutjhowjt

hejtwojofjthemjoperatejandjcooperate.jAsjanjexample,jthejrolejofjpro-

inflammatoryjcytokinesjinjpromotingjosteoclastogenesis,jandjthejmanyjparallelismsjbetweenjimmu

nejcellsjandjosteoclastsjhavejprovedjcrucialjtojunderstandjthejbiologyjofjthesejgiantjbone-

eatingjcells.jIntriguingly,jthejcontroljmechanismsjbetweenjbonejandjthejimmunejsystemjarejtightlyj

interconnected,complex;jcomplexityjofjthisjfieldjhasjmadejitjdifficultjforjresearchersjtojfindjresult, 

thejkindjthatjleadsjtojthejdirectjclinicaljapplication.jNevertheless,cthanksctoctheceffortcofcmanycs

cientists,cnowadayscclinicsccancusecdrugs,cclassicallycemployedctoctreatcosteoporosis,cforcim

munologicalcdiseases.cIncconclusion,calthoughcthecstudycofcosteoimmunologychascprovidedc

manycanswers,citcalsocraisedcmorecquestions,cwhichcwecneedctocanswercincorderctocunderst

andcthecfieldcincacvastcway. 
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