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Tlymphocytesinthepathogenesisandprogression
ofosteoarthritis

Osteoarthritis(OA)isthemostcommontypeofarthritis(Lazarosetal.,2007).The
prevalenceofsymptomaticOAisatleast12.1%inbothsexes,whereastheprevalence
ofradio-graphicallydefinedOAismuchhigherandincreaseswithage(Lazarosetal.,
2007)OAisaheterogeneousdisease,anditsclassificationleavesmuchtobedesired.
PrimaryOA,whichhasnoapparentpredisposingfactor,andsecondaryOA,inwhichthe
patienthasapriortraumaorconditionrelatedtoOA,arethe2mostcommonsubsets.
PrimaryOA iscalledgeneralizedOA whenitaffectsmanyjoints,nodalOA whenit
exhibitsasnodesoverinterphalangealjointsanderosiveinflammatoryOA whenit
exhibitsaserosionsindistalinterphalangealjoints(Lazarosetal.,2007).Erosive
inflammatoryarthritis,whichischaracterizedbyflaresofinflammationinjointsandthe
presenceofinflammationmarkersinperipheralblood,mayrepresentthefarendofthe
spectrum ofgeneralizedOA.CurrenttreatmentsforOAarepurelypalliative,andthe
needfornoveltherapiesisobvious.TheetiologyofprimaryOA isnotknown.Un-
identifiedgeneticfactorshavebeenimplicatedinthedevelopmentofOAandagenetic
componentissupportedbystudiesoffamiliesandtwins(Lazarosetal.,2007).Clonal
chromosomeaberrations,suchasthegainofchromosomeswereobservedinthe
synovialmembraneofcertainpatientswithOA(Lazarosetal.,2007).Alpha1-antitrypsin
1-antichymotrypsin,genepolymorphisms,andHLAalleleshavebeenassociatedwith
generalizedOA,whereastypeIIprecollegegenepolymorphismshavebeenassociated
withprecociousOAwithmildchondrodysplasia(Lazarosetal.,2007)

TcellsmayplayanimportantroleinthepathogenesisandprogressionofOA(17),asfollows.1.CD3ⴙTcellsinfiltratethesynovialmembraneofpatientswithOA.Severalgroupsofinvestigators(18–23),includingourown(24,25),havereportedthepresenceofmononuclearcell(MNC)infiltratesconsist-ingofTcellsandmacrophagesinthesynovialmem-braneof50%ofpatientswithOA.MNCinfiltratesmaybediffuseorperivascularnodular(18,24,25).Wehaveobservedangiocentricinfiltratescomposedprimar-ilyofCD3⫹TcellsinthesynovialmembraneofpatientswithOA(Figure1),inapatternsimilartothatobservedinRA(ref.25,andSakkasLI,etal:unpublishedresults).TransmuralCD3⫹Tcellsinfiltratingthevesselwallwereevident,althoughtheywerelocatedmainlyinperivascularareas.Manyvesselswerecompressedandoccluded,andendothelialcellswerestronglypositiveforE-selectin,inamannersimilartothatobservedinRA(ref.25,andSakkasLI,etal:unpublishedresults).AlloftheseobservationsinpatientswithOAareinadditiontothefindingsinpatientswiththerelativelyuncommontypeoferosiveinflammatorydisease,whichclearlyshowsastronginflammatorycomponent(26).IncertainpatientswithOA,theMNCinfiltratesresemblethoseobservedinthesynovialmembraneofpatientswithRA(18,24).Nodularlymphocyticaggregateswereobservedin14%ofpatientswithearlyOA(22)andin37%(22)to65%(24)ofpatientswithadvancedOAatthetimeofjointreplacementsurgery.Thepresenceo
TcellsmayplayanimportantroleinthepathogenesisandprogressionofOAasfollows.

1.CD3TcellsinfiltratethesynovialmembraneofpatientswithOA



Severalgroupsofinvestigators,including ourown havereported thepresenceof
mononuclearcell(MNC)infiltratesconsisting ofT cellsand macrophagesin the
synovialmembraneof50%ofpatientswithOA.MNCinfiltratesmaybediffuseorper
vascularnodular(Lazarosetal.,2007).We have observed angiocentricinfiltrates
composedprimarilyofCD3TcellsinthesynovialmembraneofpatientswithOA,ina
patternsimilarto thatobserved inRA (ref.25,and SakkasLI,etal:unpublished
results).TranmuralCD3Tcellsinfiltratingthevesselwallwereevident,althoughthey
were located mainly in perivascularareas.Many vessels were compressed and
occluded,andendothelialcellswerestronglypositiveforE-selectin,inamannersimilar
tothatobservedinRA(ref.25,andSakkasLI,etal:unpublishedresults).Allofthese
observationsinpatientswithOA areinadditiontothefindingsinpatientswiththe
relativelyuncommontypeoferosiveinflammatorydisease,whichclearlyshowsa
stronginflammatorycomponent(Lazarosetal.,2007).IncertainpatientswithOA,the
MNCinfiltratesresemblethoseobservedinthesynovialmembraneofpatientswithRA
(Lazarosetal.,2007).
Nodularlymphocyticaggregateswereobservedin14% ofpatientswithearlyOAand
in37%(22)to65%ofpatientswithadvancedOAatthetimeofjointreplacementsurgery
(Lazarosetal.,2007).ThepresenceofT cellsmayplayanimportantroleinthe
pathogenesisandprogressionofOAasfollows.1.CD3Tcellsinfiltratethesynovial
membraneofpatientswithOA.Severalgroupsofinvestigatorsincludingourownhave
reportedthepresenceofmononuclearcell(MNC)infiltratesconsist-ingofTcellsand
macrophagesinthesynovialmembraneof50% ofpatientswithOA.MNCinfiltrates
maybediffuseorperivascularnodular,Wehaveobserved angiocentricinfiltrates
composedprimarilyofCD3TcellsinthesynovialmembraneofpatientswithOA,ina
patternsimilartothatobservedinRA(ref.25,andSakkasLI,etal:unpublishedresults)
(Lazarosetal.,2007).TransmuralCD3Tcellsinfiltratingthevesselwallwereevident,
althoughtheywerelocatedmainlyinperivascularareas.Manyvesselswerecompressed
andoccluded,andendothelialcellswerestronglypositiveforEselection,inamanner
similartothatobservedinRA(ref.25,andSakkasLI,etal:unpublishedresults).Allof
theseobservationsinpatientswithOAareinadditiontothefindingsinpatientswiththe
relativelyuncommontypeoferosiveinflammatorydisease,whichclearlyshowsa
stronginflammatorycomponent(Lazarosetal.,2007).IncertainpatientswithOA,the
MNCinfiltratesresemblethoseobservedinthesynovialmembraneofpatientswithRA
(Lazarosetal.,2007).

2.T cells infiltrating the synovialmembrane ofpatients with OA express early,
intermediate,andlateactivationantigens.
WepreviouslydemonstratedthatinthemajorityofpatientswithadvancedOA,Tcells
infiltrating the synovial membrane express early activation antigens (CD69),
intermediate activation antigens(CD25, CD38), and late activation antigens
(CD45RO,HLAclassII)(Lazarosetal.,2007).Theseactivationantigenswereexpressed
onTcellsandotherMNCsinfiltratingthesynovialmembraneofbothpatientswithOA
andpatientswithRA,althoughtheirproportionsweresignificantlyhigherinpatients
withRAthaninthosewithOA(Lazarosetal.,2007).Althoughitcouldbearguedthat
CD45RO Tcellsmayextravasatefrom peripheralblood,theexpressionofCD69,an



early activation antigen,suggests thatactivation occurs in situ,in the synovial
membrane(Lazarosetal.,2007).CD38andtheCD43,whicharedetectedinthesynovial
membraneofpatientswithOAmediateadhesiontovascularendothelium andbinding
tointercellularadhesionmolecule1(ICAM-1),respectively.Leukocytesandendothelial
adhesionmoleculesarealsoex-pressedinthesynovialmembraneofpatientswithOA,
althoughtoalesserdegreethaninpatientswithRA.B cellsarealsoactivatedin
patientswithOA(Lazarosetal.,2007)

Blymphocytesinthepathogenesisandprogression
ofosteoarthritis

CellularinfiltratesintheinflamedOAsynovium havebeenreportedtocontainactivated
Bcellsalongwithothercelltypes(AbdulandTariq2013).AclonalanalysisofBcellsin
OAsynovium revealedtheiroligoclonalnaturesuggestinganantigendrivenactivation
insteadofnon-antigenicactivation(AbdulandTariq2013).Moreover,severalstudies
foundantibodiesagainstcartilagecomponentshighlightingtheactivationofhumoral
adaptiveimmuneresponseinOA.Whencartilagecellsurfaceproteinswereusedas
substrateinanELISAandserafrom OApatientswereapplied,anelevatedantibodytiter
wasdetectedcomparedtocontrols(AbdulandTariq2013).Similarly,autoantibodies
werefoundinOA patientsagainstcartilagederivedproteinsosteopontin,cartilage
intermediatelayerprotein(CILP),YKL-39,fibulin-4andcollagen.Anti-CCPantibodies
weredetectedin7outof136OApatients,whileanothergroupalsodetectedthem in
OApatientsbutatsignificantlylowerlevelscomparedtoRApatients(AbdulandTariq
2013).AntibodiesagainstnativeG1domainofaggrecancoreproteinwerefoundin
synovialfluidofOApatients(AbdulandTariq2013).Usingproteomicapproach,Xiang
etalidentified triosephosphate isomerase (TPI)as an importantantigen with
autoantibodiespresentspecificallyinOAbutnotinRA(AbdulandTariq2013).Other
studieshavereportedautoantibodiesinanimalmodelsofOAincludinghorsesanddogs
(AbdulandTariq2013).Theroleoftheautoantibodiesagainstcartilagecomponentsin
developmentof OAhasbeenfurtherhighlightedbystudiesshowingtheirdeposition
and cytotoxiceffectsoncartilage,whichmaybeoneofthemechanismsplaying
importantroleincartilagedegenerationinOA(AbdulandTariq2013).

OSTEOMYELITIS

The term Osteomyelitis encompasses a broad group of infectious diseases
characterizedbyinfectionoftheboneand/orbonemarrow.Thepathogenesisofthese
diseasescanfollow acute,subacuteorchroniccoursesandinvolvesarangeof



contributoryhostandpathogenfactors.Acommonlyusedaetiologicalclassification
distinguishesbetweenthreetypesofOsteomyelitis:acuteorchronichaematogenous
diseaseseededbyorganismsinthebloodstream,localspreadfrom acontiguous
sourceofinfectionandsecondaryOsteomyelitisrelatedtovascularinsufficiency.Acute
haematogenousOsteomyelitisacutehaematogenousOsteomyelitisreferstoinfection
ofboneresultingfrom bacteriainthebloodstream.Thisisseenmostofteninchildren,
withinitialinfectionthoughttooccurintherichlyvascularisedmetaphysealregion
(Gutierrez,2005).Childrenarethoughttoexperiencefrequentepisodesofbacteraemia,
oftenwithnoapparentsymptoms,leadingtoseedinganddevelopmentofosteomyelitis
(Conrad,2010).Thepathogenesisofthisprocesshasbeentheoreticallydescribed.
Inoculationofthemetaphysealvesselsoccursatthetransitionpointfrom thearteriolar
vesselstothevenoussinusoids,slowingbloodflowandincreasingvascularturbulence
(Janssonetal.,2009).Thesesitesofturbulencemaybepredisposedtobacterial
infection by providing an opportunity forlocalinvasion.Although rarely seen in
developed countries,haematogenousosteomyelitismaytakeon a chroniccourse
withinboneifleftuntreated.Sequelaeofthisdevastatingconditionmayincludechronic
sinuses with exposed bone,loss ofstructuralintegrity and growth disturbances
(Becklesetal.,2010).Localtraumatoboneinthesettingofbacteraemiamayalsobea
contributing factor.Animalstudies have shown significantly increased rates of
haematogenous osteomyelitis when direct injury to bone was combined with
intravenousbacterialseeding.(Kabaketal.,1999;Morrissy&Haynes,1989).

Tlymphocytesinthepathogenesisandprogression
ofOsteomyelitis

Thegoalofimmuneresponsesininfectiousdiseasesistoeliminatepathogensthrough
inflammatoryreactionswithoutcollateraldamage(Shreemantaetal.,2015).Tcellsare
notonlythekeymediatorsofadaptiveimmuneresponses,buttheyalsoorchestratethe
delicate balance ofimmune responses between nonproductive and exaggerated

inflammation.CD4+ antigen-specific responses are found in humans 3–8 weeks
following infection with Mtb,corroborated bythetuberculin skin testorinterferon

gamma(IFN-γ)releaseassay(IGRA)inhumans.TheroleofCD4+ cells,aswellas
interleukin(IL)12andIFN-γ,havebeenwelldocumentedbystudiesofthesyndromeof
Mendeliansusceptibilitytomycobacterialdiseases,definedbyaselectivevulnerability
toweaklyvirulentmycobacterialspecies(BCGandenvironmentalmycobacteria)dueto
mutationsintheIL-12andIFN-γreceptors.Reactivationoflatentinfectionwith Mtb to
clinicaldiseaseduringTNF-αantagonisttherapyinthefirstyearoftreatmentsuggests
thatTNF-αcontributestocontain Mtb infection,whichhadbeenobservedpreviouslyin
murinemodels;TNF-αantagonisttherapyalsoremovesterminallydifferentiatedTNF-

α+ (CD45RA+CCR7–)immuneeffectorCD8+ Tcells,whichunderlinestheroleof Mtb-



specific CD8+ T cells in clinicaltuberculosis,along with the observation that

CD8+ immuneeffectorfunctions,includingcytokineproductionandcytotoxicabilities,
maybeimpaired.Conceptsintargetedcellulartherapythatarealreadyusedinclinical
trialsforviraltargetsormalignantcellsmaycrossfertilizedirectedcellulartherapyfor
thetreatmentoftuberculosis(Shreemantaetal.,2015)

Blymphocytesinthepathogenesisandprogression
ofOsteomyelitis

AcuteOsteomyelitispresentsasasuppurativeinfectionaccompaniedbyedema(Jason
and Shirtliff,2009),vascularcongestion,and smallvesselthrombosis(Jason and
Shirtliff,2009).Inearlyacutedisease,thevascularsupplytotheboneisdecreasedby
infection extending into the surrounding softtissue.Large areas ofdead bone
(sequestra)maybeformedwhenthemedullaryandperiostealbloodsuppliesare
compromised.AcuteOsteomyelitiscan bearrested beforedead bonedevelopsif
treatedpromptlyandaggressivelywithantibioticsandsurgery(ifnecessary).Inan
establishedinfection,fibroustissueandchronicinflammatorycellsfrom aroundthe
granulationtissueanddeadbone.Aftertheinfectioniscontained,thereisadecreasein
the vascularsupply to it,inhibiting an effective inflammatory response.Chronic
Osteomyelitisistheresultofthecoexistenceofinfected,nonviabletissuesandan
ineffectivehostresponse.20Bacteriahavebeenshowntopersistwithinglycocalyx-
enclosedmicrocoloniesadherenttotheboneandtoprostheticdevicesincasesof
osteomyelitis.(JasonandShirtliff,2009).Biofilmsaretypicallycomposedofcells
embeddedinahighlyhydratedpolysaccharidematrixwithnucleicacidsandproteins
throughout.These biofilms are associated with the refractory nature ofchronic
infectionssuchasOsteomyelitis(JasonandShirtliff,2009).Ithasbeenreportedthat
concentrations ofantimicrobialagents required forthe eradication ofbacteria in
biofilmsaremorethan50to1000timeshigherthanthoseneededforkillingofthefree-
floating planktoniccells.Usually,thatlevelofantibioticsisimpossibleto achieve
becauseofpatienttoxicity.Inthebones,thisisfurthercomplicatedbyquestionable
penetration ofantibiotics into infected and ischemic areas leading to subpotent
antibioticconcentrations(JasonandShirtliff,2009).Thereasonforthereducedability
ofantimicrobialagentstoeradicatetheseinfectionsisduetothereducedantibiotic
penetration and the veryslow growth rate and differentialupregulation ofstress
responsegenesbycellswithinthebiofilm (JasonandShirtliff,2009).

Pathologicfeaturesofchronicosteomyelitisarethepresenceofnecroticbone,the
formationofnew bone,andtheexudationofpolymorphonuclearleukocytesjoinedby
largenumbersoflymphocytes,histiocytes,and,occasionally,plasmacells.New bone
formsfrom thesurvivingfragmentsofperiosteum andendosteum intheregionofthe
infection.Anencasingsheathoflivebone,aninvolucrum,surroundsthedeadbone
undertheperiosteum (JasonandShirtliff,2009).Theinvolucrum isirregularandis
oftenperforatedbyopeningsthroughwhichpurulencemaytrackintothesurrounding
softtissuesandeventuallydraintotheskinsurfaces,formingachronicsinus.The



involucrum maygraduallyincreaseindensityandthicknesstoform partorallofanew
diaphysis.Newboneincreasesinamountanddensityforweeksormonths,according
tothesizeoftheboneandextentanddurationofinfection.Endostealnewbonemay
proliferateandobstructthemedullarycanal(JasonandShirtliff,2009).Afterhost
defenseoroperativeremovalofthesequestrum,theremainingcavitymayfillwithnew
bone,especiallyinchildren.However,inadults,thecavitymaypersistorthespacemay
befilledwithfibroustissue,whichmayconnectwiththeskinsurfaceviaasinustract
(JasonandShirtliff,2009)
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