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Abstract i 

 

Background: iCircadian ioscillators iare ipresent iin ievery itissue iof ithe ibody iand isynchronized iby iboth 

iexternal iand iendogenous isignals ito iregulate iphysiological ifunctions iof ithe ibody iand imaintain itissue 

ihomeostasis. iMultiple istudies isuggested ithat iproteins iencoded iby icircadian iclock igenes iaffect ithe 

idevelopment iand/or ithe iseverity iof ichronic iinflammation ithat icauses ia ivariety iof idiseases isuch ias 

irheumatoid iarthritis, iatherosclerosis iand icolitis. iHowever, ino istudies iyet idemonstrated iinvolvement iof 

icircadian iclocks iof iimmune icells iin idevelopment iof igout iattacks, idespite ithe ifact ithat igout iattacks iare iknown 

ito ibe itime-of-day idependent. i i i 

Aims: iTo idetermine iwhether iMSU (monosodium urate crystals) icrystal iexposure iresulted iin ia ichange iin 

iexpression iof icircadian iclock icomponents iin ithe iTHP-1 imonocyte/macrophage-like icell imodel iand iwhether 

ispecific icomponents iof ithe iclock i(REV-ERBa iand iBMAL1) iinfluenced iMSU icrystal-induced iNLRP3 

(nucleotide-binding domain (NOD)-like receptor protein 3) iinflammasome iactivity iin iTHP-1 icells. i 

Methods: iTHP-1 iand iPMA-differentiated iTHP-1 imacrophage-like icells iwere itreated i+/-MSU icrystals 

iover i24h itime-course iand ithe iexpression iof ithe ifull irange iof icore icircadian igenes i(CLOCK (circadian 

locomotor output cycles kaput), iBMAL1 (brain and muscle Arnt-like protein-1), iREV-ERBa, iCRY1/2 

(cryptochrome 1/2), iPER1/2/3) iwas imeasured iby iRT-qPCR. iThe iprotein ilevels iof icore icircadian iclock 

icomponent iREV-ERBα iand iTLR4 (Toll-like receptor 4) iwere imeasured iby iWestern iblot. iThe iactivity iof 

iNLRP3 iinflammasome icomplex iwas imeasured iby iCaspase-1 iGlo iassay iin iTHP-1 icells itreated iwith iheme i(a 

iREV-ERBa iagonist), iSR-8278 i(REV-ERBa iantagonist) iand iprednisolone iin ithe ipresence/absence iof iMSU 

icrystals. iThe iassessment iof icell inumbers iwas idone iby iusing iCyquant iGR idye. i 

Results: 

Time ihad ia isignificant ieffect ion ithe iexpression iof iBMAL, iREV-ERBa, iCRY1 iand iPER1 iin iboth icell itypes. 

iThe itreatment iwith iMSU icrystals iresulted iin ia itime-dependent ireduction iof iREV-ERBα iin imonocytes iand 

ialtered iexpression iof iREV-ERBα iand iCRY1 iin imacrophage-like icells iin ia itime-dependent imanner. 

iOverexpression iof iBMAL1 iled ito ireduction iin iNLRP3 iinflammasome iactivity iin iboth icell itypes iin ithe 

ipresence iof iMSU icrystals, iyet iin ithe iabsence iof iMSU icrystals iBMAL1-overexpression iincreased iNLRP3 

iactivity.  iKnockdown iof iBMAL1 iinduced ithe iexpression iof iNLRP3 iinflammasome iin iboth iTHP-1 icell ilines 

iin ithe ipresence iof iMSU icrystals, ihowever, iNLRP3 iactivation iwas idecreased iin ithe iabsence iof iMSU icrystals. 

iHeme iand iprednisolone itreatment idemonstrated icell- iand itime- idependent iregulation iof iNLRP3 iactivity. 

iThe ieffects iof iheme iwere imediated iin ipart ivia ialteration iin iREV-ERBα iactivity ias iwell ias iother iregulatory 

imechanisms.  i 

Conclusions: 

Our ifindings isuggest ithat ialternations iin ithe iexpression iof ia icore icircadian icomponents isuch ias iREV-ERBα 

iproduce ian ieffect ion iMSU-induced iinflammatory iresponse iin iTHP-1 imonocytes/macrophages-like icells. 

iFurthermore, ithe iresult ifrom ithis istudy idemonstrated ithat iboth iREV-ERBα iand iBMAL1 iregulate ithe 

iactivity iof iMSU-induced iNLRP3 iinflammasome, ihowever, ithe iexact imechanism iof itheir ianti-inflammatory 

iactivity iis iyet ito ibe iidentified. i 
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1.0 iLiterature iReview i 

1.1 iIntroductory iStatement 

Gout iis ione iof ithe imost icommon, idebilitating iforms iof iinflammatory iarthritis iin ithe iworld. iAcute igout iis ia 

idisabling iand ipainful icondition ithat iis iassociated iwith ian iincreased irisk iof iserious ichronic iconditions isuch 

ias irenal iand icardiovascular idiseases i(Ragab et al, i2017). iGouty iarthritis iis ian iincreasing ipublic ihealth 

iproblem iin iAotearoa/New iZealand iwith ithe ihighest iprevalence iin ithe iworld i(Dalbeth iet ial., i2018). iThere iis 

ia ihigh iprevalence iparticularly iin iMāori iand iPacific iIsland imen ias iapproximately ione-third iof iMāori imen iand 

ia iquarter iof iPacific iIsland imen iaged i65 iyears iand iover ihave idiagnosed igout i(Dalbeth iet ial., i2018). iAlthough 

ithere iare ipharmacological itreatments ithat ihelp ilimit ithe iprogression iof ithe idisease, igout istill iremains 

iincurable. iThe ipathogenesis iof igouty iinflammation iis irelatively iwell iunderstood, ihowever, ithere iis ia iclear 

ineed ifor ia ibetter iunderstanding iof ithe ireason iand imechanism iof isudden igout iflares iin iorder ito idevelop inovel 

itreatment istrategies ior iimprove iexisting iones. i i i 

 

Gout iflares iare iepisodes iof iacute iinflammation, icharacterized iby iactivation iof ithe iNLRP3 (nucleotide-

binding domain (NOD)-like receptor protein 3) iinflammasome iby iurate icrystals iin ithe ijoint icavity iand 

isubsequent irelease iof ipro-inflammatory icytokines i(Kingsbury et al., i2011). iGout iflares iare ifrequently 

iinitiated iduring iearly imorning ior iat inight. iThe itiming iof igout iflares icould ipotentially iprovide ia iclue ito itheir 

iorigin. iIt iis inow iknown ithat ithe iactivity iof iNLRP3 iinflammasome, isynthesis iof iinflammatory icytokines iand 

itrafficking iof iimmune icells inormally idiffer irhythmically iover ithe icourse iof ia iday i(Pick, iHe, iChen, i& 

iScheiermann, i2019). iThis irhythmic ipattern iis idriven iby ia icell isignalling icircuit iknown ias ithe icircadian 

ioscillator. iThe icircadian ioscillator iis ipresent iin ialmost ievery icell iin ithe ibody, iincluding iimmune icells. iIt ihas 

irecently ibeen idemonstrated ithat ithe iloss iof icircadian ioscillations iin iNLRP3 iinflammasome isignalling 

itriggers iinflammasome iactivation iand irelease iof ipro-inflammatory icytokines isuch ias iIL-1β (interleukin 1 

beta) iand iIL-6 (interleukin 6) , ipotentially icontributing ito ithe idevelopment iof ichronic iinflammatory idiseases 

i(Pourcet i& iDuez, i2020). iRecent istudies isuggested ithat ialtered iexpression iof iproteins iencoded iby icircadian 

iclock igenes iaffects ithe idevelopment ior iinduces ithe iseverity iof ichronic iinflammation ithat icauses ia ivariety iof 

idiseases isuch ias irheumatoid iarthritis, iatherosclerosis iand iosteoarthritis i(Buttgereit et al., i2015; iChalfant et al. , 

i2020; iKc iet ial., i2015). iWhether ialtered icore icircadian ioscillator icomponents iin iimmune icells icontribute ito 

igout iflares iis iyet ito ibe idetermined. iTherefore, ithe ifocus iof ithis ithesis iis ito idetermine iwhether ior inot ian 

ialteration iin icircadian ioscillator icomponents iin iimmune icells icontributes ito ithe idevelopment iof iacute igouty 

iinflammation. i 
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1.2 iGout i 

Gout iis ian iextremely ipainful iform iof iarthritis. iIt iis icharacterised iby iintermittent iattacks iof iexcruciating ipain, 

iredness, iswelling iand itenderness iin ione ior imultiple ijoints. iA igout iattack iis ia iresult iof ian iinnate iimmune 

ireaction ito imonosodium iurate icrystals i(MSU) iwhich iaccumulate iwithin iaffected ijoints i(Figure i1.1) i(Dalbeth 

i& iHaskard, i2005). iAttacks ican ibe iso ipainful ithat ithe ivictim iis iunable ito itolerate ieven ithe itouch iof ia ibed isheet 

ion ithe iaffected ijoint. iThe iattacks ican ilast ianywhere ifrom iseveral ihours ito iseveral iweeks iwithout ithe 

iadministration iof ianti-inflammatory imedication. iThere iare itwo imain itypes iof igout: iacute iand ichronic. iAcute 

igout iis icharacterized ias ia ipainful icondition ithat icommonly iaffects i1-3 ijoints iand isymptoms ionly ipresent 

iduring ithe iattack. iChronic igout ioccurs iif iacute igout iis ileft iuntreated itherefore iallowing ithe idisease 

iprogresses ito ia ichronic istate. iIt iis icharacterised iby ia ihigher ifrequency iof iintermittent iattacks iof iextreme ipain 

ias iwell ias ia ifeeling iof ia ilow-level iconstant ipain ithe imajority iof ithe itime. iChronic igout icould ilead ito ithe 

iprogression iof isevere idisability idue ito ithe iformation iof itophi i(large iaccumulation iof iinsoluble iMSU 

icrystals) iin ithe icartilage iof ithe ijoints (Brook et al, i2010). iThe itophi icause iirreparable ijoint idamage ias iwell ias 

ibeing ivisually idistressing i(Figure i1.2). i 

 

 
Figure i1.1 iMSU icrystals. iVisualised iunder ithe imicroscope iin ix20 iin ia inormal iand ipolarised ifield. i i 



15 

 

 
Figure i1.2 iPhoto iof ichronic itophaceous igout iin ia itoe. iObtained iwith iinformed ipatient iconsent iby iProf 

iNicola iDalbeth. i 

 

1.2.1 iHistory i 

Gout iappeared iin ithe ihistory iof imedical iwriting iseveral ithousand iyears iago. iThe idisease iwas ifirst iobserved 

ias iearly ias i2640BCE iby iEgyptian idoctor iImhotep iwho irecorded ievidence iof igouty ilesions iwithin ithe ijoints 

i(Schwartz, i2006). iGout iwas ialso idescribed iby ithe ifather iof imodern imedicine, ithe iGreek iphysician 

iHypocrates iwho ireferred ito iit ias i“the iunwalkable idisease” i(Nuki i& iSimkin, i2006). iThe iprominence iof igout iin 

ihistorical imedical iwriting iis idue inot ionly ito iits iincidence ibut ialso idue ito iits iprevalence iamong ithe ifamous 

iand iwealthy ipeople iat ithat itime. iGout iwas iknown ias i“disease iof ilords iand ilord iof idiseases” ias iit iwas 

irestricted ito ithe icircles iof ihigh isociety ias ithey ihad ia ilifestyle ithat iallowed ithem ito ihave iaccess ito irich ifood 

iand ialcohol. iSeveral ifamous ihistorical ifigures isuch ias iKing iHenry iVIII, iLeonardo iDaVinci iand iBenjamin 

iFranklin iwere iaffected iby ithis idisease. iIn iaddition, ithe ifamilial iinheritance iof igout ialso iserved ito isolidify ithe 

ibelief ithat igout iwas ionly ia idisease iof i“high iliving”. 

 

 

1.2.2 iEpidemiology i 

In ithe imodern iage, igout iis ino ilonger irestricted ito ithe ihigh isocial istatus iand ipeople ifrom ithe ifull irange iof 

isocioeconomic igroups isuffer ifrom ithis icommon isystemic idisease. iRecent ireports iof igout’s iincidence iand 

iprevalence ivary iextensively idepending ion ithe imethods iemployed iand ithe ipopulation istudied, ihowever, iit 
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iranges ifrom ia iprevalence iof i<1-6.8% iand ian iincidence irate iof i0.58-2.89/1000 iperson-years i(Dehlin et al., 

i2020). iThe istatistical ireports ishow ithat isome icountries iare iaffected iby igout imore ithan iothers. iIn ifact, 

iAotearoa/New iZealand ihas ithe ihighest iprevalence iof igout iin ithe iworld. iThe iprevalence iof igout iin 

iAotearoa/New iZealand iimpressively iincreased ifrom i3.8% ito i6% iin iadults iover i20 iyears iold iin ipast i7 iyears 

i(2012-2019) i(Dalbeth iet ial., i2018). iGout iis iover ithree itimes imore iprevalent iin imen ithan iin iwomen iand 

iprevalence ialso iincreases isignificantly iwith iage iand iethnicity i(Kuo et al., i2015). iMāori iand iPacific ipeople 

ihave i2-3 itimes ihigher iprevalence ithan iNew iZealanders iof iEuropean idescent iand ione-third iof iMāori imen iand 

ia iquarter iof iPacific iIsland imen iaged i>65 iyears ihave ibeen idiagnosed iwith igout i(Dalbeth iet ial., i2018). iDespite 

iincreasing iincidence iand iprevalence iof igout iworldwide, ithere iis istill isuboptimal imanagement iof ithe idisease. 

i 

 

1.2.3 iRisk ifactors i i 

1.2.3.1 iHyperuricemia i 

The igreatest irisk ifactor ifor ithe idevelopment iof igout iis iuric iacid iconcentration iin ithe iblood. iThe ilevels iof 

iuric iacid ifall iinto ithe irange iof i3.4-7mg/dL iin imen iand i2.4-6.0 img/dL iin iwomen i(Crawley et al., i2022). iWhen 

ithe ilevels iof iuric iacid iin iblood iexceed i7mg/dL, iclinical ihyperuricemia iis idiagnosed ias iuric iacid iapproaches 

iits isolubility ilimit  i(Diseases i& iSection, i1960). iUric iacid iis ia iweak iacid ithat ihas ia ipH iof i5.8 iand iit’s imade iin 

ithe ibody ias ia ibreakdown iproduct iof ipurines. iThere iare itwo itypes iof ipurines: iendogenous iand iexogenous. 

iEndogenous ipurines iare imade iby ithe ibody iand iare iessential ibuilding iblocks ifor iDNA (deoxyribonucleic 

acid) iand iRNA (ribonucleic acid) iand itherefore iinvolved iin ithe isynthesis iof ienzymes iand iother iproteins. 

iThe irate iof isynthesis ior ibreakdown iof ipurines ican ibe iincreased idue ito icell idamage, inecrosis, isurgery ior 

ialcohol iconsumption. iExogenous ipurines iare iobtained iby ithe ibody ithrough ifoods ithat iare ihigh iin ipurines 

isuch ias imeat iand iseafood. iSerum iuric iacid iconcentration iin ithe ibody iis idetermined iby ithe ibalance iof 

iexogenous iand iendogenous ipurine iproduction iand iexcretion iby ithe ikidneys iand igastrointestinal itract 

i(Figure i1.3). iOnly i10% iof igout icases iare icaused iby ioverproduction iof iuric iacid, iand ithe iremaining i90% iof 

icases iare icaused iby irenal iunder-excretion iof iuric iacid i(Mandal i& iMount, i2015). i 
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Figure i1.3 iSchematic irepresentation iof isimplified iuric iacid iproduction iand iexcretion. iPurines 

iobtained ifrom iboth imetabolic iand idietary isources icontribute itowards ithe itotal iamount iof iexogenous iand 

iendogenous ipurines iin ithe ibody. iThe iconcentration iof iuric iacid iis idetermined iby ithe ibalance ibetween 

iendogenous iand iexogenous ipurines iand itheir iexcretion iby ithe ikidney i(70%) iand iintestine i(30%). iThe 

idisruption iin iuric iacid iexcretion iresults iin ithe iformation iand iaccumulation iof iMSU icrystals iin ithe ijoint. 

iFigure icreated iby iDmitry iPopov ibased ion iinformation iin i(Ragab iet ial., i2017) iusing iBiorender isoftware. 

 

1.2.3.2 iDiet i 

Exogenous ipurines ithat icome ifrom ithe idiet iare ia isignificant icontributor ito ithe ilevels iof iuric iacid iin ithe iblood. 

iThe iintake iof ipurine-rich ifoods isuch ias icooked ior iprocessed ifood ifrom iseafood ior ianimal iorigin icould ilead 

ito ielevated iserum iurate ilevels iand ipotentially ithe idevelopment iof igout iflares (Kanbara i& iSeyama, i2011). 

iFoods irich iwith ipurines iinclude iseafood i(trout, isardines), ired imeat i(beef, ipork), imushrooms iand ibeer. iOn 

ione ihand, imultiple iprospective istudies idemonstrated ithat iindividuals iwith ihigh iseafood/meat iintake ihave  

isignificantly iincreased iuric iacid ilevels iand iare ipotentially iat ithe ihighest irisk iof igout idevelopment i(iZhao et 

al., i2016). iHowever, ion ithe iother ihand, istudies ialso ishowed ithat ihyperuricemia i(>7mg/dL) iis ia irisk ifactor ifor 

igout, ihowever, iit idoesn’t inecessarily iinduce igout ias ia ilarge iproportion iof iindividuals iwith ihyperuricemia 

inever iexperienced ia igout iattack iin icomparison ito iindividuals iwith igout iwho ihave inormuricemia i(Zhang,  

i2021). iOther ifoods iassociated iwith igout idevelopment, iinclude ialcoholic ibeverages iand ifructose. iFructose iis 

ione iof ithe imain icomponents iin isoft idrinks iand ia imajor icontributor ito iserum iuric iacid ilevels idue ito iits 

iinterference iwith iATP i(adenosine i5’-triphosphate) irecycling. iFructose icauses iATP ito ibe iconverted iinto 

iAMP i(adenosine imonophosphate) iand ithen isubsequently idegraded iinto iuric iacid. iIntake iof ialcoholic 
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ibeverages ialso ileads ito ian iincrease iin ipurines ibreakdown idue ito ihigh iATP iturnover iduring iethanol 

imetabolism i(Kanbara i& iSeyama, i2011). i 

 

 
1.2.3.3Gender i 

Gender iis ianother iimportant irisk ifactor iin igout. iGout iappears ito ibe ia ipredominantly imale idisease ias ithe 

iestimated iprevalence iin imen iis i5.9% icompared ito i2% iin iwomen i(Singh, i2013). iThe iincidence iof igout iin 

imen i4 itimes ihigher ithan iin iwomen iat iage i<20 iyears iold. iThe isignificant idifference iin iincidence iand 

iprevalence ibetween ithe igenders iis ibelieved ito ibe idue ito ithe iuricosuric ieffects iof iestrogen i(Nicholls et 

al.,i1973). iEstrogen ireduces ithe iconcentration iof iuric iacid iin iserum iby isuppressing ithe iprotein ilevels iof iurate 

ire-absorptive itransporters isuch ias iURAT1 (uric acid transporter 1) iand iGLUT9 (glucose transporter 9) iin 

ikidney itubules. iIn iaddition, itestosterone iis iknown ito iinduce ithe iexpression iof iURAT1 iwhich ifurther 

iimplicates ithe irole iof isex ihormones iin ithe idevelopment iof igout i(Takiue et al., i2011). 

 

1.2.3.4 iGenetics iassociated irisk i 

Genetics iplay ian iimportant ipart iin ithe irisk iof igout idevelopment. iSince iendogenous ioverproduction iof 

ipurines iis iquite irare, igenetic irisks iare imost ilikely ito ibe idue ito idifferences iin iuric iacid irenal iexcretion.  

iPrevious istudies ifound itwo igenes iand itheir iproteins i(URAT1 iand iGLUT9) ithat iplay ia icrucial irole iin ithe 

iregulation iof iuric iacid iin ithe iblood (Preitner iet ial., i2009). iBoth iof ithese iproteins iare iinvolved iin ithe 

ireabsorption iof iuric iacid ifollowing iglomerular ifiltration iin ithe ikidney.  iSLC22A12 (solute carrier family 22) 

igene iencodes ifor ithe irenal itubular itransporter iURAT1 ion ithe iapical imembrane iof irenal itubules, iwhile ithe 

iSLC2A9 igene iencodes ifor itransporter iprotein iGLUT9 iin ithe imembrane iof irenal itubules. i iPolymorphism iin 

iboth ithese igenes ihas ibeen iassociated iwith iabnormal iexcretion iof iuric iacid iwhich ileads ito ithe idevelopment 

iof ihyperuricemia iand isubsequently iincreases ithe irisk iof igout i(Kolz iet ial., i2009). i iThe igenetic ivariations iin 

igenes irelated ito iuric iacid iexcretion isignificantly imodulate ithe iindividual’s isusceptibility ito igout 

idevelopment. iDistinctive iprevalence iand iincidence irate iof igout iacross iracial ipopulations ihave iindicated ithat 

ithere iis iindeed ia irisk ifactor iassociated iwith igenetics.  iHowever, ilarge iscale iepidemiological iand igenetic  

istudies iacross iethnic ipopulations iare iyet ito ibe idone. i 

 

1.2.4 iAcute igout ipathogenesis i 

Acute igout iis iclinically icharacterized ias iintermittent iepisodes iof ijoint iinflammation iwhich ioften iaffects ia 

isingle ijoint. iAttacks iare iscattered iby isymptom-free iperiods ithat ihave ivarying iduration. iHigh ilevels iof iserum 

iuric iacid iand isubsequent iaccumulation iof iuric iacid iin ithe ijoint icavity iis ithe icause iof igout idevelopment. iUric 
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iacid iis ia iubiquitous iand iendogenous icompound ithat imostly ipossesses ianti-inflammatory iproperties. 

iHowever, iaccumulation iof iuric iacid iin ithe iblood ileads ito iits iprecipitation iwithin ijoints iwhere iit iforms 

icrystals iof imonosodium iurate. iMSU icrystals iare ia icharacteristic ifeature iof igouty ijoints ias itheir ipresence 

istimulates iacute iinflammation iin ithe ijoint i(Figure i1.4) i(Cronstein i& iSunkureddi, i2013). iPrior ito ithe ifirst igout 

iattack, iMSU icrystals iprecipitate iwithin ithe ijoint icavity iand itrigger iactivation iof ilocal imonocytes ivia iTLRs 

i(Toll-like ireceptors). iDuring ithe iinitiation istage, iMSU icrystals iare iphagocytosed iby imonocytes. iHowever, 

ithe icrystals iare iresistant ito icellular ilysis icausing idamage ito ilysosomal imembranes, iand irupture iof ithe 

iphagolysosome itriggering ioligomerization iand iassembly iof ithe iNLRP3 iinflammasome icomplex.  iThe 

iNLRP3 iinflammasome iis ia icrucial icomponent iof ithe iinnate iimmune isystem ithat icontrols ithe iactivation iof 

ithe icaspase-1 ienzyme iwhich imediates iactivation iand isecretion iof ithe ipro-inflammatory icytokines iIL-1β iand 

iIL-18 (interleukin 18) iin iresponse ito icellular idamage ior imicrobial iinfection. iNLRP3 iinflammasome 

iactivation iis iresponsible ifor ithe ipivotal imechanism iof igouty iarthritis. iActivated iNLRP3 iinflammasome 

ipromotes icleavage iof icaspase-1 iand isubsequent iactivation iand irelease iof icrucial ipro-inflammatory icytokine 

iIL-1β. iDuring ithe iamplification istage, iactive iIL-1β ireleased iby ithe iresident imonocytes ibinds ito iIL-1 

(interleukin 1) ireceptors ion ithe isurface iof ilocal imacrophages iand iendothelial icells. iThis iinduces 

ivasodilation iand icoordinates ithe irecruitment iof ineutrophils ito iaccumulated iMSU icrystals, itherefore iit idrives 

ian iepisode iof ian iacute igout iattack i(Liu iet ial., i2000). iThere iis istill ilittle iknown iabout ithe iprecise imechanisms 

iinvolved iin ithe irecruitment iof imonocytes iand imacrophages ias iwell ias ithe imechanisms iof iNLRP3 iactivation 

iduring igout iflares. iThe iacute igout iattacks iare iself-limited iand ican iresolve iwithin ia ifew ihours ior ia ifew idays. 

iOur iunderstanding iof ithe iunderlying imechanism ileading ito ithe iresolution iof igout iflare istill iremains iunclear. 

iSelf-limitation iis ibelieved ito ibe ibased ion ithe ishutdown iof iinflammatory iresponse iby iregulatory ievents isuch 

ias iapoptotic icell iclearance, icrystal icoating, iproduction iof iTGFβ1 (transforming growth factor β1)  iand 

iswitching isecretion ipattern iof ian iinflammatory imediators iwith imaturating imacrophages iwhich 

iphagocytosed iMSU icrystals i(Dalbeth i& iHaskard, i2005). iPhagocytosis iis iconsidered ito ibe ian iimportant 

imechanism ifor ithe iresolution iof iacute iinflammation idue ito ithe iability iof iwell-differentiated imature 

imacrophages ito iengulf, idigest iMSU icrystals iand iexpress ithe ianti-inflammatory iTGF-β1. iHowever, irecent 

istudies ishowed ithat iphagocytosis iof icrystals iby iless-differentiated imacrophages iis iassociated iwith ithe 

iinitiation iof isterile iinflammation iand isubsequent ipro-inflammatory icytokine irelease i(Landis iet ial., i2002). i 
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Figure i1.4 iSchematic irepresentation iof igouty iarthritis. iMultiple isteps iare irequired ifor ithe idevelopment 

iof iacute igout iattack. i(1) iMSU icrystals iaccumulate iwithin ithe ijoint icavity iand itrigger iactivation iof ilocal 

imonocytes ivia imonocyte’s iexpressed iextracellular iToll-like ireceptors. i(2) iPhagocytosis iof iMSU icrystals. 

i(3) iActivation iof iNLRP3 iinflammasome icomplex. i(4) iExtracellular irelease iof ithe icrucial ipro-inflammatory 

icytokine iIL-1β. i(5) iBinding iof iIL-1β ito ithe iendothelial ireceptor ito imodulate icell iadhesion. i(6) iRelease iof 

iother ipro-inflammatory imediators ifrom ileukocytes. i(7) iRecruitment iof ineutrophils ito iaccumulated iMSU 

icrystals. iFigure icreated iby iDmitry iPopov ibased ion iinformation iin i(Busso iet ial., i2010) iusing iBiorender 

isoftware. i 

 

1.2.5 iChronic igout ipathogenesis 

Gout iis ia icomplex idisease iand ichronicity iis ione iof iits ifeatures. iIndividuals iwith iacute igout iwho iexperienced 

iperiodical igout iflares ifor iseveral iyears imay idevelop ichronic igout. iIt iis icharacterised iby imore ifrequent iand 

iserious iflares ias iwell ias ichronic iinflammation iof ithe ijoints. iClinical imanifestation iof ichronic igout iis 

idescribed ias ia idevelopment iof icartilage idamage, isynovitis iand ithe iformation iof inodules, icalled itophi 

i(Schlesinger, i2013). iTophi iare istone-like ideposits iof iMSU icrystals iinside isynovial itissues, ibones iand isoft 

itissues. iThe iformation iof itophi iis icaused iby ithe ipresence iof icrystals iin ithe isynovium iwhich itriggers ithe 

iproduction iof initric ioxide, ipro-inflammatory icytokines iand imetalloproteases iby ichondrocytes iand iresults iin 

isevere icartilage idamage. iClinical icomplications iof itophi iinclude iextreme ipain, ijoint ideformation, iand 

idestruction ias iwell ias isoft itissue idamage i(Schlesinger, i2013). iPeople iwith ichronic igout ican inever 
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iexperience icomplete ifreedom ifrom icontinuous ipain iand iinflammation iof ithe ijoints iwhich imakes iit ia 

idebilitating idisease. i 

 

1.3 iGout iand iNLRP3 iinflammasome i 

Background i 

Despite ithe ifact ithat igout iis ian iancient idisease iand ithat iMSU icrystals iwere iidentified ito ibe ia icausative iagent  

iback iin ithe iearly i1800s, ithe iunderlying imechanism iby iwhich iMSU icrystals iinitiate iacute iinflammation iand 

isudden igout iflares ihave ionly irecently ibegun ito ibe iunderstood. iIt iis inow iknown ithat ithe iinitiation iof igout 

ioccurs iwhen ia ivariety iof icells irecognise iand irespond ito iaccumulated iMSU icrystals iand isubsequently iinduce 

ithe iinflammation iprocess i(Ragab iet ial., i2017). iThe inature iof ithe iresponse idepends ion ithe itype iof icells ithat 

ihave irecognized ithe iMSU icrystals iand ithe icells ithat iwere irecruited ito ithe iinflammation isite. iThe iformation 

iof iMSU iwithin ithe ijoint itriggers ithe iactivation iof iinflammatory icells isuch ias imast icells, isynoviocytes iand 

imonocytes ithat irelease iinflammatory imolecules: iIL-6, iIL-1β, iTNFα (tumor necrosis factor alpha) iand 

iproteins iS100 i(Cronstein i& iSunkureddi, i2013). iTogether ithese iinflammatory imediators ipromote ithe 

isubsequent irecruitment iof ileukocytes iand ineutrophils ifrom ithe iblood iinto ithe iinflammation isite. iNeutrophil 

iinvasion iof ithe ijoint icavity iand iinteraction iwith iphagocytosed iMSU icrystals itriggers ithe iproduction iof 

ireactive ioxygen ispecies i(ROS) iwhich ialso icontribute ito imassive iinflammatory iresponse iduring igout iflares 

i(Davidsson iet ial., i2020). 

The imost iwell-known ipro-inflammatory icytokine iwhich ihas ia ipivotal irole iin iorchestrating ithe iinflammatory 

iresponse ito iMSU iis iIL-1β i(Chung et al., i2016). iThis ikey iregulatory iproinflammatory icytokine iis ithought ito 

ipromote ian iinflux iof ineutrophils iinto ithe ijoint icartilage iand isynovial ifluid iwhich icauses iROS iformation iand 

iis ia iclassic ihallmark iof ia igout iattack. iStudies iin ianimals iand ihumans iprovide icompelling ievidence ifor iIL-1β 

irole iin igouty iarthritis. iIn ivivo  igout imodel istudy ishowed ithat iinflammation icaused iby ian iinjection iof iMSU 

icrystals iinto ithe ijoint iwas isignificantly ireduced iin imice itreated iwith ian iIL-1β iinhibitor i(Mariotte iet ial., 

i2020). iPhase iII iclinical istudies ialso idemonstrated isimilar iresults iwhen ipatients iwith igout iwere itreated iwith 

ianti-IL-1β imonoclonal iantibody, ithus isupporting ithe icrucial irole iof iIL-1β iin igout ipathogenesis i(Tran iet ial., 

i2013). iProinflammatory icytokine iIL-1β iis iproduced iin ian iinactive iform iby iinnate iimmune icells isuch ias 

imonocytes, idendritic icells iand imacrophages iand ithen icleaved iand iactivated iby icaspase-1 iwhich ialso iexists 

iin ian iinactive iform iuntil ithe iinduction iof iimmune iresponse. iThe iunderstanding iof ia imechanism ithat iis 

iresponsible ifor ithe iactivation iof icaspase-1 iand iIL-1β ihas ibeen ia ipriority ifor imultiple ihigh-profile istudies 

i(Kingsbury iet ial., i2011; iMao et al.,I 2018). iThe iresults iof ithese istudies ishowed ithe iinvolvement iof 

imacromolecular icomplexes icalled i“inflammasomes”. iSince ithe idiscovery iof ithe iNLRP3 iinflammasome 
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icomplex ia idecade iago, iit ihas ibeen iimplicated iin ithe ipathogenesis iof iseveral iinflammatory idiseases iincluding 

irheumatoid iarthritis, iatherosclerosis, icolitis, iand igout i(Pourcet i& iDuez, i2020). i 

The ifollowing isection iwill idescribe ithe imolecular imechanisms iand ipathophysiology iof ithe iNLRP3 

iinflammasome icomplex, iin iparticular iits iimplication iin iMSU-associated iinflammatory iimmune iresponse. i i 

 

1.3.1 iStructural iand imolecular imechanisms iinvolved iin iactivation iof iNLRP3 

iinflammasome 

 

The ifirst iline iof idefence iagainst iforeign isubstances iincluding ibacteria iand iviruses iis ithe iinnate iimmune 

isystem. iIt iplays ia icrucial irole iin ithe irecognition iand isubsequent iclearance iof ia ivariety iof ipathogens 

i(bacteria, iviruses) ias iwell ias iendogenous imolecules ireleased iby ithe ihost ias ithe iconsequence iof iinfections, 

idamage ito imembrane, inecrosis ior ipathological iconditions i(MSU icrystals, idsDNA). iImmune icells idetect iand 

ieliminate iexogenous ipathogen-associated imolecular ipatterns i(PAMPs) iwhich iare iobtained ifrom iforeign 

iagents iand ialso iendogenous idanger-associated imolecular ipatterns i(DAMPs) iwhich iare iobtained ifrom idead 

ior idamaged icells i(Gong et al., i2020). iFirst, ithese imotifs iare irecognized iby iinnate iimmune icells isuch ias 

imacrophages, ineutrophils, idendritic icells iand imast icells ithat iexpress ireceptors itermed ipattern-recognition 

ireceptors i(PRRs). iThe iPRRs ifamilies iare iclassified idepending ion ithe icellular ilocation iand ithe iligands ithat 

ibind ito ithem. iPRRs ifamily imembers iinclude iToll-like ireceptors ithat iare ilocated iwithin iextracellular 

imembranes i(TLRs: i1,2,5,6,10) iand iendosomal imembranes i(TLR: i3,7,8,9). iNOD-like ireceptors i(NLRs) iand 

iRIG-like ihelicase i(RLHs) ireceptors iare ilocated iat ithe icytoplasmic imembrane i(Evavold i& iKagan, i2019). i 

 

TLRs iare imembrane ireceptors iexpressed ion ia ivariety iof icell itypes. iThey irecognise iand irespond ito ia irange iof 

iPAMPs iand iDAMPs iand iupon iactivation itrigger ia iseries iof isignalling icascades ito iproduce itranscriptional 

ifactors ithat iwill iin iturn iinduce itranscription iof ipro-inflammatory icytokines i(interleukins iand iTNF) ito idrive 

iimmune-inflammatory iresponse. iAs ian iexample, iTLR-4 iand iTLR-2 iin ithe imembrane iof ithe icell iare ibound 

iby iPAMPs isuch ias iGram-negative iliposaccharides i(LPS) iand ithis itriggers isignalling icascades ithat istimulate 

ithe iproduction iof itranscription ifactors isuch ias iNF-κB, iIRF-3 iand iAP-1 iwhich iin iturn iactivate ithe iadaptive 

iimmune isystem i(Ciesielska et al., i2021). 

The iintracellular iNLRs ihave ibeen ia ifocal ipoint ifor ithe iinvestigation iof ithe iimmune iresponse iin 

iinflammatory idiseases. iNLRs iare ithe imajor iclass iof iPRRs ithat iare iable ito irecognise iboth iDAMPs iand 

iPAMPs ifrom ia ivariety iof iendogenous iand iexogenous isignals iand iinitiate ia isterile iinflammation i(Pourcet i& 

iDuez, i2020). iThe imost istudied iand icharacterized iNLRs iis iNLRP i(contains iPyrin idomain), iin iparticular 

iNLRP3. iNLRP3 irecognition iof iDAMPs iand iPAMPs ileads ito ithe iformation iof ian iinflammasome icomplex 

ithat imediates ithe iactivation iof iinflammatory icaspases iand isubsequent irelease iof ipro-inflammatory 



23 

 

icytokines i(Figure i1.5). iNLRP3 iprotein iis ia isensor iprotein ithat iis icharacterized iby i3 idomains: ia ipyrin 

idomain i(PYD), ia ileucine-rich irepeat i(LRR) imotif iand iNACHT idomain i(Figure i1.5). iThe iPYD iinteracts 

iwith ithe ipyrin idomain iof ithe iapoptosis-associated ispeck-like iprotein i(ASC) ithat icontains ithe icaspase 

irecruitment idomain i(CARD). iThe iCARD idomain iof iadaptive iprotein iASC irecruits ian iunprocessed ipro-

caspase i1 iwhich iis ithen icleaved ito iits iactive iform iactivating ithe iNLRP3 iinflammasome icomplex i(Vajjhala et 

al., i2012). iSubsequently iactivated icaspase-1 icleaves iand itherefore iactivates ipro-IL-1β iconverting iit  iinto iIL-

1β iallowing iit ito ibe ireleased ifrom ithe icell i(Grebe et al., i2018). i 

 

Figure i1.5 iThe istructure iof iNLRP3 iinflammasome icomplex. iThe iNLRP3 iinflammasome icomplex 

iconsists iof iASC, iNLRP3 iand ipro-caspase i1. iNLRP3 iprotein iis icharacterized iby i3 idomains: iLRR, iNACHT 

iand iPYD. iWhen iDAMPs/PAMPs iactivate ithe iupstream isignalling ipathways,  iit ileads ito ioligomerization 

iand iassembly iof iNLRP3 iinflammasome. iThe iPYD iinteracts iwith ithe icaspase irecruitment idomain i(CARD) 

iand iit iresults iin ithe irecruitment iof iunprocessed ipro-caspase i1 iwhich iis ithen icleaved ito iits iactive iform 

icaspase i1. iCaspase-1 iinduced icleavage iand isecretion iof icrucial ipro-inflammatory icytokine iIL-1β, iwhich iin 

iturn icauses ithe iinflammatory iresponse. iFigure icreated iby iDmitry iPopov ibased ion iinformation iin i(Busso iet 

ial., i2010) iusing iBiorender isoftware. i i 

 

1.3.2 iThe irole iof ithe iNLRP3 iinflammasome iin iacute iand ichronic igout 

Although ithe irole iof iNLRP3 iinflammasome iin igout ipathogenesis ihas ibeen iwell idescribed iin ithe iliterature, 

ithere iare istill imany iunknown iaspects iof ithe iunderlying imechanisms iof iNLRP3 iinflammasome iactivation iby 

iMSU icrystals. iThe iNLRP3 iinflammasome iinvolvement ican ibe idivided iinto ia itwo-step iprocess: ipriming iand 

iactivation i(Figure i1.6). 
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Priming, ialso iknown ias ithe iinitiation iphase, iregulates ithe igene iand iprotein iexpression iof iall iinflammasome 

icomplex icomponents iwhich iare inecessary ifor iNLRP3 iassembly iand iactivation. iIt iis icontrolled iat ithe 

itranscriptional ilevel iby ithe iactivated itranscriptional ifactors iNF-κB. i iThe ipriming istep iis iachieved ias ia iresult 

iof isignalling icascades imediated iby iPRRs ion ithe isurface iof iinnate iimmune icells. iThe imost iknown iof ithe 

iTLR ifamily, iTLR2 iand iTLR4 ihave ibeen ishown ito iplay ian iimportant irole iin igout iinflammation. iIt’s ibeen 

iproposed ithat ithere iis ia idirect iinteraction ibetween iTLR4 i& iTLR2 iand iMSU icrystals ias imodified 

imacrophages iwith idownregulated iTLRs iwere ifound ito inot iengulf iMSU icrystals ias iefficiently ias iwild-type 

imacrophages i(Liu-Bryan iet ial., i2005). iThe idata ifrom ithe istudies ion iTLRs iindicates ithat ithe igouty 

iinflammation icould ibe iregulated iby iTLRs irecognition iof iligands ithat ican iprime imacrophages iand 

imonocytes ito irelease ian iactive iform iof iIL-1β i(Qing et al., i2014). iEndogenous iligands iof iTLR4 iinclude iMRP8 

iand iMRP14 iwhich iare ireleased iafter iphagocyte iactivation. iIn ia imurine imodel iof igout, igenetic 

idownregulation iof iMRP14 isignificantly ireduced iimmune iresponse ito iMSU icrystals i(Holzinger iet ial., i2014). 

iMoreover, iother ifactors isuch ias cluster of differentiation 14&36 (CD14 iand iCD36) iwhich iserve ias ico-

receptors ifor iTLR2 iand iTLR4 idemonstrated iengagement iin ithe imediation iof iMSU icrystal iinflammation 

i(Mendonça-Natividade iet ial., i2019). iPhagocyte-expressed iPRRs iCD14 iand iCD36 ifunctionally iinteract iwith 

iboth iTLR4 iand iTLR2 iand imodulate itheir isignalling. iAn iin ivitro istudy iin ibone imarrow-derived 

imacrophages idemonstrated ithat idownregulation iof iCD14 iand iCD36 iimpaired iphagocytosis iof iMSU 

icrystals ias iwell ias iattenuated iNLRP3 iinflammasome iactivation, icaspase-1 icleavage iand ias ia iresult iIL-1β 

iproduction i(Chung iet ial., i2016). iThe ipriming istep iis icompulsory ifor ithe iassembly iof ithe iNLRP3 

iinflammasome icomplex, ihowever, ithis istep iis iknown ito ibe inon-specific iand imay iresult ifrom idifferent 

isignals ithat iinduce ian iinflammatory iresponse. iPriming iprovides ian iinflammatory imilieu ifor iNLRP3 

iinflammasome iengagement, ibut iit iis inot ienough ito iinduce ian iinflammasome ipathway i(Bauernfeind iet ial., 

i2009). i 

 

The isecond istep iis ithe iactivation iof ithe iinflammasome icomplex. iThis istep iis iknown ito ibe imore ispecific ias iit 

idirectly iguides ithe ipost-transcriptional iand itranslational iassembly iof ithe iNLRP3 iinflammasome icomplex 

i(Swanson et al., i2019). iThe ias sembly iof ithe iNLRP3 icomplex ienables irecruitment iof apoptosis-associated 

speck-like (ASC) iproteins iand icleavage iof ipro-caspase i1 ito iproduce icaspase-1 iwhich iresults iin icaspase-1 

imediated iactivation iof ithe ipro-inflammatory icytokines iIL-1β iand iIL-18. iAlthough ithe iprecise imolecular 

imechanisms iof iNLRP3 iinflammasome icomplex iactivation iby iMSU icrystals iare iyet ito ibe ielucidated, icurrent 

ievidence isuggests ithat ithere iare ithree isignalling ipathways ithat imediate iagonist irecognition iand iactivation iof 

ithe iinflammasome i(Kelley et al, i2019). iFirst, ithe iphagocytic ipathway iappears ito ibe iinvolved iin ithe iactivation 

iof iNLRP3 iinflammasome iby icrystals. iThe iuptake iof ithe iparticles iby iimmune icells idisrupts ithe 

iphagolysosome iacidic icompartment iand iresults iin ia irelease iof icathepsin iB i(Hornung iet ial., i2008). iSecondly,  
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ithe igeneration iof ireactive ioxygen ispecies ican ilead ito iactivation iof iNLRP3 iinflammasome iin iresponse ito 

idifferent istimuli i(Cruz iet ial., i2007). iFinally, irecent iresearch isuggests ian iimportant irole ifor iP2X7 ireceptor-

mediated iK+ iand iCa+ iefflux iin iNLRP3 iactivation i(Piccini iet ial., i2008). iThe iprevention iof iefflux iof ithese 

iions iresulted iin iinhibition iof iNLRP3 iinflammasome icomplex iassembly. iFurthermore, ithe iactivation iof 

iNLRP3 iinflammasome icomplex iis ihighly idependent ion ithe iavailability iof iinflammasome icomponents. iIn 

ivivo istudies idemonstrated ithat imacrophages iderived ifrom imice iwith ia ideficiency iin iseveral iinflammasome 

icomponents isuch ias iASC iand icaspase-1 iwere inot iable ito itrigger icleavage iand irelease iof iIL-1β iin iresponse 

ito iMSU iphagocytosis i(Martinon et al., i2006). iMoreover, ithis istudy ialso ifound iattenuation iin ineutrophil iinflux 

iin imice iinjected iwith iMSU. iThese ifindings isuggest ithat iNLRP3 iplays ian iimportant irole ias ia ilink ibetween 

ithe ipivotal istimulus iof igout iand ipathological ihallmark iof ia igout iflare. i 

Overall,  ithe iNLRP3 iinflammasome icomplex iis ia istress isensor ithat ican irecognise ia iloss iof itissue ihomeostasis 

iand ithe ipresence iof iabnormal iendogenous isubstances ithat iproduce i‘danger isignals’ idue ito iinfection, itissue 

idamage ior imetabolic iabnormalities. i 

 

 

 

 

Figure i1.6 iNLRP3 iinflammasome itwo-step iactivation iprocess. iThe ipriming istep i(step-1) ioccurs iupon 

ibinding iof iDAMPs/PAMPs iTLRs ion ithe isurface iof imonocytes iand imacrophages, ithus itriggering inuclear 

ifactor- iκB i(NF-κB)-dependent itranscription iof iNLRP3 iinflammasome icomponents ias iwell ias itranscription 

iof iIL-1β iin iits ipro-active iform. iThe iactivation iof iNLRP3 iinflammasome i(step-2) iis ithe iresult iof 

iphagocytosis iof iDAMPs i(MSU icrystals) iand isubsequent ilysosomal idamage, iformation iof iROS idue ito 

imitochondria idysfunction iwhich ileads ito ialternation iof iK+ iand iCa2+ ifluxes. iThe iassembly iof ithe iNLRP3 
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icomplex ienables icleavage iof ipro-caspase i1 ito iproduce icaspase-1 iwhich iresults iin icaspase-1 imediated 

iactivation iand isecretion iof ithe ipro-inflammatory icytokines iIL-1β, iwhich iin iturn itriggers irecruitment iof 

ileukocytes ito ithe isite iof iinflammation. iFigure icreated iby iDmitry iPopov ibased ion iinformation iin i(Pourcet i& 

iDuez, i2020) iusing iBiorender isoftware. 

1.4 iIntroduction ito ithe iCircadian iClock i 

1.4.1 iBackground i 

Every isingle iorganism ion iEarth iis icontinuously iexposed ito idaily iand iseasonal ichanges iin ithe iexternal 

ienvironment. iWhile isome iof ithe ichanges iare idistinctive, ithere iare imany ievents ithat irepeat iover itime: iday 

iand inight icycle, itidal ishifts iand ichanges iin iseasons. iIn iorder ito isurvive iand iadapt iit iwas icrucial ifor 

iorganisms ito idevelop ian iinternal iclock imechanism ithat ienabled ithem ito ianticipate iand irespond ito ithese 

icyclic ichanges. iOne iof ithe imost irudimental icyclic ichanges iexperienced iby iliving iorganisms iis ia ilight-dark 

icycle. iAlmost ievery iorganism ion ithe iplanet, ifrom isimple iprokaryotes ito imammals ihas ideveloped ian 

iendogenous iclock ithat iis isynchronized iwith iEarth’s i24-hour isolar itime. iThis iinternal iclock iis icalled ithe 

icircadian iclock ias ithe imajority iof ifunctions iand iphysiological ipathways iare icontrolled iin ia icircadian imanner 

i(from icirca idiem, i“about ia iday”) i(Patke et al.,i2020). iCircadian ioscillators iare ipresent iin ievery itissue iof ithe 

ibody iand isynchronized iby iboth iexternal iand iendogenous isignals ito iregulate iphysiological ifunctions isuch ias 

ibody itemperature, iimmunity, iblood ipressure, isleep-wake icycle iand ihormone ilevel i(Figure i1.7). 

In ithe i1960’s ichronobiologist iFranz iHalberg idemonstrated ithe ithree ikey icomponents ithat iare iknown ito ibe 

ifundamental ito ithe icircadian iclock itoday. iThe ifirst icomponent iis ia iself-sustaining icircadian ioscillator ithat iis 

iable ito isustain irhythmic ioutputs ieven iif iisolated ifrom iexternal isignals. iTherefore, iwhen ia iclock iis iisolated 

ifrom ithe iexternal ienvironmental icues, ithe isystem ican irun iat iits iown ipace iwhich iis itermed i“free-running”. 

iThe isecond icomponent iis ilinked ito iexternal icues isuch ias ilight ithat icause isynchronisation iof ithe iclock iand iit 

iis inamed i“zeitgebers” i(German iname ifor itime-giver). iThe iprocess ithat isynchronizes ithe iinternal iclock ito ia 

izeitgeber’s iperiod iis icalled i“entrainment”. iThe ithird icomponent iis ithe iability iof irhythms imaintain ia i24-hour 

ipace idespite ithe ichange iin ithe ibody itemperature. iThose irhythms iare iknown ito icontrol ian iorganism’s  

iphysiology,  ibehaviour, icell ibiology iand igene iexpression i(Kuhlman et al., i2018). 
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Figure i1.7 iSchematic idiagram iof ia ihierarchical iorganisation iof ithe imammalian icircadian iclock 

ientrainment. iThe icircadian iclock iconsists iof ithe imaster ipacemaker, ilocated iin ithe isuprachiasmatic 

inucleus i(SCN) iand iperipheral ioscillators ithat iare ifound iin iall icell itypes iin ithe ibody. iThe ispecific 

iphotoreceptors ithat iexpress imelanopsin ireceive iphotic isignals iand itransfer ithem iinto ithe iSCN ivia ithe 

iretino-hypothalamic itracts. iThe ihypothalamus ipituitary iadrenal igland i(HPA) itransmits itime icues ifrom 

iSCN imaster iclock ito inon-SCN iperipheral iclock. iThe iSCN imaster iclock isynchronizes iand ientrains ithe 

iperipheral iclock iin ia ivariety iof itissues ivia iendocrine iand ineural ipathways. iThe ilocal iclocks ican iwork 

iindependently ifrom ithe imaster iclock ias ithey irely ion inon-photic isignals isuch ias itemperature, inutrients iand 

isocial iinteractions. iFigure icreated iby iDmitry iPopov ibased ion iinformation iin i(Kondratova i& iKondratov, 

i2012) iusing iBiorender isoftware. i 

 

1.4.2 i“Master” iclock i 

Circadian irhythms iin imammals iare iorchestrated iby ia icentral ipacemaker iwhich iis iknown ito ibe ineural. iIt 

iplays ia imajor irole iin ithe iregulation iof icircadian irhythms iby isynchronising ithe iactivity iof iperipheral 

ioscillators iall iover ithe ibody, itherefore iit iallows ito imaintain igeneral icircadian isynchrony. iThe icentral 

icircadian iclock iis ilocated iin ithe isuprachiasmatic inuclei i(SCN) iwhich iis iin iturn ilocated iwithin ithe 

ihypothalamic iregion iof ithe ibrain i(Mieda, i2020). iThe iSCN iis ipresumed ito iconsist iof imultiple iautonomous 

ioscillating icells iwhich iare iall iconnected iwith ieach iother ito iform ithe iMaster iclock. iThese icells icommunicate 

ithrough ivarious ineurotransmitters iincluding ivasoactive iintestinal ipeptide i(VIP) iwhich iis isecreted ifrom ione 

iSCN icell iand irecognised iby ithe ineighbouring icell’s vasoactive intestinal peptide receptor (VPAC2) 

ireceptors i(Mieda, i2020). iThis isignalling ibetween iSCN icells iallows isynchronisation iof iall ithe icells iin ithe 
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itissue ito ione irhythm.  iThe imaster iclock iis isynchronized iwith iexternal ienvironmental irhythms,  iprimarily 

ilight isignals ireceived iby ithe iretina iof ithe ieye i(Figure i1.7). iThe ivariation iin ilight iintensity iacts ias ia izeitgeber 

ientraining ithe iSCN iclock ileading ito i24-hour irhythmicity. iThe iSCN iintegrates ithe ilight iinput ifrom ithe 

iretino-hypothalamic itracts ivia iintrinsically iphotosensitive iretinal iganglion icells i(ipRGCs). iThe iipRGCs iare 

imammalian iphotoreceptors ithat iexpress imelanopsin iwhich iis ivitamin iA-based ilight-sensitive iopsin 

iphotopigment ithat iplays ian iimportant irole iin ithe iphoto-entrainment iof ithe imaster iclock i(Li i& iAndroulakis, 

i2021). iThe ilight-activated imaster iclock iin iSCN iorchestrates irhythmic irelease iof iglucocorticoids iand  

imelatonin iby idirectly icontrolling ithe iactivity iof ihypothalamus ipituitary iadrenal igland i(HPA) iaxis ithrough 

iefferent iconnections ifrom iSCN ito ihypothalamus. iThe icreation iof idiurnal ioscillations iby ia imaster iclock iis 

icrucial ifor ithe iregulation iof iphysiological iand ibehavioural iprocesses ion ia idaily ibasis i(Robinson i& iReddy, 

i2014). iMoreover, ithe imaster iclock iplays iimportant irole iin ithe imodulation iof iglucocorticoids iand 

icatecholamines irelease ifrom ithe iadrenal iglands iin iHPA iindependent imanner iby imodifying ithe isensitivity iof 

ithe iadrenal icortex ito iadrenocorticotropic ihormone i(ACTH) ithrough iSCN iactivation iof ithe iautonomous 

inervous isystem i(ANS). iGlucocorticoid iand icatecholamine isignalling iare idirectly iinvolved iin ithe 

isynchronization iof icircadian irhythms iin iperipheral iclocks i(Li i& iAndroulakis, i2021). 

 

1.4.3 iPeripheral iclock 

The iperipheral iclocks iplay ian iessential iand iunique irole iin ieach iof itheir irespective iperipheral itissues, 

ioperating ithe iexpression iof ispecific icircadian igenes iinvolved iin ian iarray iof iphysiological ifunctions. iThe 

iinterplay ibetween imaster iclock iin ithe ibrain iand ilocal iclocks iin ithe iperipheral itissues iestablishes icorrect 

ioscillations ithroughout ithe ibody. iAlthough ithe iexact imechanism iof iinteraction iis inot iwell iunderstood, iit iis 

ibelieved ithat iSCN isynchronises iexternal icues iwith iperipheral iclocks ivia ithe irelease iof ihormones iwhich iact 

ias ia izeitgeber ifor iperipheral iclocks. iThere iare itwo imain imodels iwhich iexplain ithe irelationships ibetween 

imaster iclock iand iperipheral iclocks. iThe ifirst imodel iis i“master-slave” imodel iwhich istates ithat imaster iclock 

ihas icomplete isynchronization ipower iand itherefore iperipheral iclocks iare isynchronized iexclusively iby 

imaster iclock iand inot iaffected iby iinternal ior iexternal istimuli. iThe isecond imodel iis ireferred ito ias i“orchestra” 

imodel iin iwhich imaster iclock iplays ithe irole iof iconductor, iwith ieach iperipheral iclock ias ia imember iof ian 

iorchestra. iIn ithis imodel, ieach iperipheral iclock ican iadapt ito iits iown iinternal ior iexternal istimuli isuch ias 

ifeeding icues, ibut iit iwould ibe iultimately i“conducted” iby ithe ilight-dark icues itransmitted ifrom ithe imaster 

iclock i(Richards iet ial., i2012). iThe ievidence ifrom imultiple istudies ishowed ithat iperipheral iclocks iare ialso 

icapable iof iacting iautonomously ito ithe iSCN iwhich iallows ithem ito imaintain icircadian irhythmicity ieven iin 

iisolation ifrom imaster iclocks. iSCN-lesion istudies idemonstrated ithat ithe ilocal iclock iin iperipheral itissues 

icontinues ito ifunction ieven iin ithe iabsence iof ithe iSCN iclock i(Cui et al., i2001). iIn iaddition, icircadian irhythms 
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iin iperipheral itissues ilike ilung, ikidney iand iliver ihave ibeen iobserved ito ipersist ifor iseveral idays iex-vivo 

i(Okubo iet ial., i2013). iIt iis inow iknown ithat ivirtually ievery icell iin ithe ibody ihas ian iinternal ibiological iclock, 

itherefore iit iis ibelieved ithat icell-to-cell icommunication iplays ia icrucial irole iin ithe imaintenance iof 

isynchronisation ibetween iindividual ioscillators i(Figure i1.7) i(Kowalska i& iBrown, i2007). iThe iperipheral iclock 

iis ishown ito ibe ientrained inot ionly iby icues ifrom ithe iSCN ibut ialso iby iregular ifeeding itimes. iIn ivivo istudy 

ishowed ithat ifood irestriction ican ientrain ianimals ito ianticipate ifood. iThe ichange iin ifeeding ipattern icaused ia 

ichange iin ibehaviour, ithe isleep-wake icycle iand ithe iexpression iof iclock igenes iin iperipheral iorgans, iwhile ithe 

imaster iclock iin iSCN iremained iunchanged i(Hirota iet ial., i2002). iTherefore, ichange iin inutrient iavailability 

icould ibe imore iimportant izeitgebers ifor ithe iperipheral iclocks ithan ientraining icues ifrom ithe imaster iclock. 

iAnother inon-photic ientraining isignal ifor iperipheral iclocks iis ia ichange iin ibody itemperature. iThis iwas iclearly 

ishown iin ivitro istudies iwhen ia ichange iin itemperature iwith ionly ione idegree iresulted iin ire-synchronization iof 

icircadian ioscillation iin ifibroblast icells i(Tsuchiya et al., i2003). i 

 

1.4.4 iMolecular ibasis iof ia icircadian ioscillator 

The imolecular imachinery iof icircadian ioscillation iis iincreasingly iwell iunderstood. iIn imammals, ithe 

icircadian iclock iconsists iof ia icore itranscription/translation ifeedback iloop iand istabilizing ifeedback iloops. 

iThe icore itranscriptional/translation ifeedback iactivators iand isuppressors iare iorganized iinto ipositive iand 

inegative ilimbs i(Figure i1.8) i(Shearman iet ial., i2000). iThe igenes iBMAL1 i(ARNTL) i(Brain iand iMuscle 

iARNT-like-1) iand iCLOCK i(Circadian iLocomotor iOutput iCycles iKaput) iare ithe icentral igenes iin ithe 

ipositive ilimb, iand ithey iencode ifor iBMAL1 iand iCLOCK iproteins irespectively. iCLOCK iand iBMAL1 

iheterodimerize iand iactivate itranscription iof iCryptochrome i(CRY1/2) iand iPeriod i(PER1/2/3) igenes ivia 

ibinding ito iE-box ielements (Cermakian i& iSassone-Corsi, i2000). iTranslated iCRY1/2 iand iPER1/2 iform ia 

idimeric icomplex iand iact ias ithe inegative ilimb iof ithe iclock. iOnce ia isufficient iquantity iof ithese iproteins iin ithe 

icytoplasm iis ireached, iPER iand iCRY itranslocate iinto ithe inucleus iand iinhibit iCLOCK/BMAL1 iactivity. 

iTherefore, ifurther itranscription iand itranslation iof iCRY iand iPER igenes icease. iThe idegradation iof iCRY iand 

iPER iproteins iis idependent ion ipost-translational imechanisms. iThe idegradation iof iCRY iproteins iis 

icontrolled iby ithe iintracellular iubiquitination iprocess, iwhile iPER iprotein idegradation iis iregulated iby 

iphosphorylation i(Robinson i& iReddy, i2014). iSubsequent idegradation iof iCRY1/2 iand iPER1/2 iproteins iallows 

ifor ia inew icycle iof itranscriptional iactivation iby iCLOCK/BMAL1. iIt itakes iabout i24 ihours ifor ithe ifull 

iBMAL1: iCLOCK iand iPER: iCRY icycle ito ioccur. 

The icore itranscriptional/translational iloop iis ifinely ituned iby iauxiliary istabilizing ifeedback iloops. iThe 

iprimary istabilizing iloop iconsists iof inuclear ireceptors isuch ias iREV-ERBα iand iretinoic-acid ireceptor-related 

iorphan ireceptor ialpha i(RORα) iwhich ibind ito iROR iresponse ielements i(ROREs) ion ithe ipromoter isite iof 
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iBMAL1 ito iregulate iits itranscription i(Preitner iet ial., i2002). iWhile iREV-ERBα iacts ias ia itranscriptional 

isuppressor iof iBMAL1, ithe inuclear ireceptor iactivator iRORα icompetes iwith iREV-ERBα ifor ibinding ito 

iRORE iresponse ielements ion ithe iBMAL1 ipromoter iantagonising ithe irepressive ieffects iof iREV-ERB. iThe 

icompetition ifor ithe ipromoter isite iof iBMAL1 iis irhythmic iand icontributes ito idriving ithe icircadian ioscillation 

iin iBMAL1 iexpression. iBMAL1 iis ia itranscription ifactor iand iother iclock icomponents isuch ias iREV-ERB iare 

itranscriptional irepressors, ione iof ithe ibest iunderstood imechanisms iis ithrough itime-of-day idependent 

iregulation iof itarget igene iexpression i(Shearman iet ial., i2000). iThis iseries iof itranscriptional-translational 

ifeedback iloops i(TTFLs) iwork iin ia iself-sustaining icycle ito icontrol idegradation iand iproduction iof iBMAL1 

iand iCLOCK iin ianti-phase iwith ithat iof iPER iand iCRY. iThe icircadian iclock imolecular imachinery iultimately 

icontrols icircadian ioscillation iin icell ibiology, itissue ihomeostasis, imetabolism iand igene iexpression iin iall ithe 

itissues iin ithe ibody i(Cermakian i& iSassone-Corsi, i2000). i 

 

 

 

Figure i1.8 iSchematic idiagram iof ithe itranscriptional/translational ifeedback iloops i(TTFL) iin ithe 

icircadian ioscillator iof ithe imammalian icells. iThe icore iclock igenes iBMAL1 iand iCLOCK iheterodimerize 

iand ibind ito ithe iE-BOX ielement ito iactivate itranscription iof iPER i(1,2,3 ihomologs) iand iCRY i(1,2 

ihomologs), iROR iand iREV-ERBα, iconstructing ithe ipositive ilimb iof iTTFL. iPER iand iCRY itranslocate iinto 

ithe inucleus iand ibind ito iBMAL1-CLOCK iheterodimers, iinhibiting iCLOCK/BMAL1-driven iactivation iand 

itranscription iand ithus itheir iown iexpression, iconstructing ithe inegative ifeedback iloop. iREV-ERBα iand 

iROR ialso iact ias ia istabilising ifeedback iloop ithat icontrols ithe iactivity iof ithe icore ipositive iand inegative 

iTTFL ivia iinhibiting ior iinducing iBMAL1 igene iexpression, irespectively. i iFigure icreated iby iDmitry iPopov 

ibased ion iinformation iin i(Robinson i& iReddy, i2014) iusing iBiorender isoftware. i 
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1.5 iCircadian iclocks iand iimmune isystem i 

The imammalian iimmune isystem ihas ibeen iadapting iand ievolving ifor ia ilong iperiod iof itime ito ibe iable ito 

ieffectively icombat iinvading ibacteria, iviruses iand iparasitises. iThere iis ia ilarge ibody iof iliterature ihighlighting 

ithe icontribution iof icircadian ioscillations ito ithe iadaptive iand iinnate iimmune iresponses i(Pourcet i& iDuez, 

i2020). iFirstly, ivarious iimmune icells ipossess ithe iclock imachinery iand idemonstrate idaily ivariation iin itheir 

inormal ifunction. iSecondly,  ialteration iof ithe ibiological iclock ihas ia icrucial ieffect ion ithe ifunction iof ithe 

iadaptive iand iinnate iimmune isystems. iFinally, ithere iis imultiple ievidence ithat ideletion ior iknockout iof icore 

iclock igenes ican iaffect iimmune iresponses iand icause ia ivariety iof idiseases i(Buttgereit iet ial., i2015; iChalfant iet 

ial., i2020; iKc iet ial., i2015). i 

 

1.5.1 iRole iof iinternal icircadian iclocks iin iindividual icomponents iof iimmune isystem i 

Various istudies irevealed ithat icells iof ithe iimmune isystem isuch ias ineutrophils, imacrophages iand 

ilymphocytes ithat iactivate iand iperpetuate iinflammatory ipathways ihave icircadian iclocks. iThese iclocks 

icontrol ia inumber iof iimmune ifunctions isuch ias iphagocytosis, icytokine irelease,  iand iresponse ito ipathogens 

ithroughout ithe iday iand inight icycle. iThe inumber iof ileukocytes iin icirculation ichanges ithroughout ithe iday, 

ipeaking iduring ithe irest iphase i(night ifor idiurnal ianimals) ibecause iof icircadian ivariations iin ihaematopoietic 

icells ileaving ithe ibone imarrow. iPrevious istudies ishowed ithat ileukocyte inumber ialso ivaries iacross ithe iday 

idue ito ialterations iin itheir iadhesion ito iendothelium iand iinfiltration iinto itissues iwhich ioccurs iat ithe ibeginning 

iof ian ianimal’s iactive iphase i(day ifor idiurnal ianimals) i(Muller, i2012). iIn iaddition, iin ivivo istudies ialso 

idemonstrated icircadian ioscillation iin imacrophages (Keller iet ial., 2010i.). iInterestingly, iit iappears ithat 

imacrophages inot ionly ihave imolecular iexpression iof iclock igenes ibut ialso ipossess ifunctional ichanges iin 

iphagocytotic iactivity iwhich idepends ion ithe itime iof ithe iday, iwith iactivity igreater iat inight i(Timmons iet ial., 

i2021). iMoreover, iex ivivo istudies iin irats ishowed ithat ienriched inatural ikiller icells i(NK icells) ialso 

idemonstrated icircadian iclock igene iexpression ias iwell ias ia itime iof ithe iday idependant icytolytic iactivity 

i(Stawski et al.,, i2015). i 

 

The imajority iof iimmune icells idemonstrate iinternal icircadian ioscillations ias iwell ias itime-of-day idependent 

idifferences iin itheir inumbers iin icirculation. iIn ihumans, inaïve iT icell ilevels iare iknown ito ibe ithe ilowest iat 

imidday, ihowever, iCD4+ iand iCD8+ iT icells iare ishown ito ipeak iin icirculation iat imidday i(Dimitrov iet ial., 

i2009). iIn iaddition ito iintrinsic iclocks, ithe icentral iclock iin ithe iSCN iis iable ito icontrol ithe ilevel iof iimmune icells  

iin icirculation iby iutilising ihormonal iregulators i(iLi i& iAndroulakis, i2021). iThe icircadian irhythm iin inaïve iT icell 

ilevels ihas ishown ito ibe inegatively icorrelated iwith icortisol irhythms. iThus, ithe ilevel iof inaïve iT icells ipeaks 

iduring ithe inight iwhile ithe ilevel iof icortisol iis iat iits ipeak iin ithe imorning i(Dimitrov iet ial., i2009). iCortisol 
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isensitivity iof iT icells iis irelated ito ithe ioscillation iin ichemokine ireceptor iCXCR4 iexpression ias iwell ias 

irhythmic iexpression iof iits iligand iCXCL12, iwhich icontrols ithe imigration iof iT icells iinto ithe ibone imarrow iin 

iresponse ito ia irise iin iserum icortisol ilevel.  iThe iimmune iresponse isuch ias icytokine iproduction iis ialso iknown 

ito ibe icontrolled iby icircadian irhythms iand ihas ibeen ilinked ito irhythms iof iglucocorticoids i(a ihormone iwith 

iknown ianti-inflammatory iactivity) iand imelatonin iwhich iare iregulated iby ithe imaster iclock iin iSCN. 

iFurthermore, ithe iimmune iresponses isuch ias icytokine iproduction iand iphagocytosis iof iforeign isubstances 

ishowed ioscillations iduring ithe i24h idays iwhich iled ito itime-of-day idependent idissimilarities iin ithe 

isusceptibility ito iinfection ior iinjury i(Gibbs iet ial., i2012). iA irecent istudy idemonstrated ithat iCRY1/CRY2 

idouble iknockout imice ihad iup-regulated ipro-inflammatory icytokine ilevels iof iIL-6 iand iTNFα idue ito ian 

iincrease iin iNF-kB isignalling iand isubsequent iNLRP3 iinflammasome iactivation (Narasimamurthy iet ial., 

i2012). 

 

These iexamples ishow ithat icircadian irhythms iplay ian iimportant irole iin ithe iimmune iresponse. iSuch irhythms 

ioccur iby icontrolling imultiple icomponents iof ithe iimmune isystem, ieither iby iperipheral iinternal icircadian 

iclocks ior iby ithe ihormonal iregulation ifrom ithe imaster iclocks iin ithe iSCN. iThe icombination iof iboth ithose 

ifactors, iimmune icell iinternal irhythms iand ihormones iinfluence idiurnal icontrol iof ithe iimmune iresponse.  i 

 

1.5.2 iCircadian-Immune iInteractions 

The icircadian ioscillator iis iable ito iinfluence ithe iimmune isystem, ihowever iin iturn ithe iimmune isystem ihas ithe 

iability ito iregulate iclock igene iexpression. iThis iability iof ithe iimmune isystem iwas idemonstrated iin ivivo iby 

iupregulation iof iTNFα iwhich iresulted iin idownregulation iof icore icircadian iclock iproteins. iMoreover, 

iprevious istudies ishowed ithat iinnate iimmune isystem icytokines isuch ias iinterferon ialpha iand igamma i(IFNα 

iand iIFNγ) ican iinfluence iclock igene iexpression. iThe iupregulation iof iIFNγ iresulted iin ireduction iof ithe iPER1 

igene iexpression iwhile ialternation iin iIFNα iinfluenced ithe iexpression iof iCRY1, iPER1,2 igenes ias iwell ias ithe 

iprotein ilevels iof iBMAL1: iCLOCK. iThe iresults iof ithese istudies isuggest ithat icytokines iare iable ito imodify ithe 

iexpression iof icore iclock iproteins iin iperipheral itissues, iwhich iespecially ican ioccur iin ichronic iinflammatory 

idiseases. iFurthermore, ithere iis iincreasing ievidence ishowing ithat ithe itime iof ithe iday ivariation iin ithe inumber 

iof icirculating ileukocytes iand ithe irelease iof ipro-inflammatory icytokines imight ibe idirectly icontrolled iby ithe 

icore iclock iproteins, iincluding iREV-ERBα iand iBMAL1 iin ia i24-hour ipattern. iThis ican ihave ia icrucial iimpact 

ion iclinical idiagnosis iof idisease ias iwell ias idrug itherapy. i 
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1.6 iRegulation iof iNLRP3 iInflammasome icomplex iby icircadian ioscillator iand 

iimplications  iin ipathologies i 

Apart ifrom ithe iimportant irole iof imammalian icircadian ioscillator iin ibehavioural iand iphysiological 

iprocesses, ifindings ifrom iseveral istudies ireveal ia iregulatory irole iof icircadian ioscillator iin iinflammatory 

iresponses. iIndeed, imultiple istudies ihave ishown ithat ialteration iof icircadian iclocks ican ilead ito ian iincreased 

irisk ifor imetabolic iand ichronic iinflammatory idiseases isuch ias icolitis, iatherosclerosis iand irheumatoid 

iarthritis i(Figure i1.9) (Buttgereit iet ial., i2015; iFontaine iet ial., i2008; iYang iet ial., i2015). iThe imajority iof ithe 

iNLRP3 iinflammasome-associated idisorders ishow ia isimilar ichronic iinflammatory icomponent, iwhich icould 

ibe ia isevere iinfiltration iof ileukocytes iin ithe ivascular iwall idue ito iinadequate ibuild-up iof iDAMPs i(cholesterol) 

iwhich icauses iatherosclerosis ior iaccumulation iof ihydroxyapatite iin ia ijoint icavity iwhich ioccurs iin 

irheumatoid iarthritis. iRecent iin ivivo istudies iin iperitoneal imouse imacrophages idemonstrated ithat inuclear 

ifactor iREV-ERBα iis ia inegative iregulator iof ithe imRNA iexpression iand itranscription iof ithe icore iNLRP3 

iinflammasome icomponents i(Wang iet ial., i2018). iIt iis inow iknown ithat itranscription iof iNLRP3 icomponents 

ioscillates iin ia idaily imanner iwith ipeak imRNA iexpression iduring ithe iactive iphase, icorresponding ito ithe ilow 

iexpression iof iREV-ERBα iand ihence ireduced iREV-ERBα isuppression iof iBMAL1 itranscription. iFurthermore, 

iresearchers ialso iobserved ia iloss iin icircadian ioscillations iin iNlrp3 imRNA iwhen iREV-ERBα iwas iknocked 

idown iin ihuman iand imouse-derived imacrophages i(Pourcet iet ial., i2018). iThe imodulation iof iREV-ERBα 

iactivity iis iresponsible ifor ithe iregulation iof iNLRP3 iinflammasome iprotein iamounts ias iwell ias itheir iassembly 

iinto iNLRP3 icomplex i(priming istep). iInterestingly,  ichanges iin ithe iNLRP3 iinflammasome ipathway 

istimulated iby iimpairment iof iREV-ERBα iexpression itrigger ialterations iin ithe isecretion iof iproinflammatory 

icytokines iIL-1β iand iIL-18 i(Gibbs iet ial., i2012). iIn iaddition, iREV-ERBα iis iable ito icontrol ithe iactivation istep 

iof iNLRP3 iinflammasome. iAblation iof ithe iREV-ERBα inuclear ifactor iwas ishown ito iresult iin ithe iinduction 

iof iNLRP3 iinflammasome icomplex iassembly iby icleavage iof icaspase-1 iand isubsequent imaturation iand 

irelease iof iIL-1β iand iIL-18 iin ihuman imacrophages iprimed iwith iLPS (Gibbs iet ial., i2012). iIn icontrast, 

istimulation iof iREV-ERBα iby inatural iligand i(heme) ior ipharmacological iagonist iSR9009 iresulted iin ia 

ireduction iin iproinflammatory icytokine irelease i(Yin et al., i2010). iIt iis inow iknown ithat iREV-ERBα ibinds ito 

ispecific iresponse ielements iin iIL-1B iand iNlrp3 igene ipromoters iand isilences itheir iexpression, itherefore iit iis 

idirectly iregulating ithe iassembly iand iactivation iof iNLRP3 iinflammasome icomplex. i iInterestingly,  ithe 

ifindings ifrom ian iin ivivo imodel iof isterile iperitonitis idemonstrated ithat iplasma ilevels iof iIL-1β iand iIL-18 

iwere ihigher iin iREV-ERBα ideficient irodents iduring ithe iresting iphase iwhen iexpression iof iREV-ERBα iwas 

ihighest iin iwild-type, ihowever, ithere iwas ino idifferences iobserved iduring ithe iactive iphase iwhen iREV-ERBα 

iwas ialmost iabsent i(Pourcet iet ial., i2018). iMoreover, ianother iin ivivo imodel iof iacute ilung iinjury iinduced iby 

iLPS idemonstrated ithat iinhibition iof iREV-ERBα iwith ian iantagonist iled ito iincreased iinjury iseverity idue ito ian 

iincrease iof iNLRP3-mediated irelease iof iIL-1β i(Yang iet ial., i2020; iYu iet ial., i2019). iThe iincreasing ievidence 
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ifrom imultiple istudies isuggests ithat ipharmacological imodulation iof icircadian iclock icomponents isuch ias 

iREV-ERBα ican ibe ibeneficial ifor ithe itreatment iof ichronic iand iacute iinflammatory idiseases iin iwhich ithe 

iNLRP3 iinflammasome icomplex iis ideregulated i(Welch et al., i2017). i 

 

Figure i1.9 iNLRP3 iinflammasome-associated iinflammatory idiseases. iInflammatory idiseases iassociated 

iwith idysregulation iof iNLRP3 iinflammasome iand ipotential ifor inovel ichrono-pharmacological itherapies. 

iFigure icreated iby iDmitry iPopov iusing iBiorender isoftware ibased ion iinformation iin i(Pourcet i& iDuez, 

i2020). 

1.6.1 iInteraction iof icircadian iclocks  iand iNLRP3 iinflammasome iin icolitis i 

Several ilines iof ievidence iindicate ithat icircadian iclocks iplay ian iimportant irole iin ithe iregulation iof ithe 

iNLRP3 iinflammasome iin iinflammatory iintestinal idiseases isuch ias icolitis. iIn imice, iit ihas ibeen idemonstrated 

ithat icircadian iclocks iare inecessary ito imaintain ithe iepithelial ibarrier iof ithe igut i(Summa iet ial., i2013). iPagel iet 

ial idemonstrated ithat iimpairments iof icircadian irhythms iby idesynchronization iof ienvironmental isignals ior iby 

igenetic imutation iof ithe icore iclock igenes isuch ias iPER i1-3 iresulted iin ialteration iof iepithelial ihomeostasis,  

iincrease iof inecrosis iand itherefore imore isevere icolitis i(Pagel iet ial., i2017). iMoreover, iin ivivo istudies ishowed 

igreater isensitivity ito iinflammatory idamage iand ian iincrease iin iseverity iof icolitis iin imice iwho iwent ithrough ia 

iphase ishift iin ithe ilight-dark icycle. iThis iresulted ifrom iactivation iof iinflammatory ipathways isuch ias iNLRP3 

iinflammasome icomplex iand isubsequent isecretion iof ipro-inflammatory icytokines iIL-1β iand iIL-18 i(Liu et al.,  

i2017; iNowarski iet ial., i2015). iBauer iet ial iidentified ithat ithe iNLRP3 iinflammasome iplays ia irole iof ia icentral 

imediator iof iintestinal iinflammation iin idextran isulfate isodium i(DSS) iinduced icolitis. iThe iresearchers 
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idemonstrated ithat iPAMPs isuch ias iDSS iinitiates ithe iactivation iof iNLRP3 iinflammasome icomplex iwhich iin 

iturn iregulates ithe isecretion iof ipro-inflammatory icytokines iand icauses iinflammation iand inecrosis iin 

iepithelial ilining i(Bauer iet ial., i2010). iWang iet ial idemonstrated ithat ione iof ithe icore icomponents iof icircadian 

iclocks i(REV-ERBα) iregulates ithe iclocks iof ithe icells iin ithe icolon iby icontrolling ithe iactivation iof iNF-

kB/NLRP3 iaxis i(Wang iet ial., i2018). iThe iresearchers ifound ithat iDSS-induced icolitis iis imore isevere iin 

imouse imodels iof igenetic ior ienvironmental idisruption iof ithe icircadian iclock. iThe iknockout iof iREV-ERBα iin 

imice iwas ifound ito idisplay itranscriptional iactivation iof iNF-kB isignalling iand iincreased iactivation iof ithe 

iNLRP3 iinflammasome icomplex iwhich iaccounted ifor ia imore isevere iphenotype iof ithe idisease. iHowever, 

ipharmacological iactivation iof iREV-ERBα isignificantly idecreased ithe iseverity iof icolitis iin ivivo. 

iInterestingly,  iin iin ivitro iexperiments, ithe iREV-ERBα iagonist iwas ionly iactive ion ithe ipriming istep, ihowever,  

iwas iineffective iduring ithe icleavage iof ipro-caspase i1 iinto iactive icaspase-1 iin iLPS-induced imacrophages. 

iThe ipotential ireason ifor ithis icould ibe idue ito ithe ifact ithat imacrophage icells iwere inot isynchronized iin ithis 

istudy. iThe ipatients ior imice iwith iinflammatory idiseases isuch ias icolitis ithat ishow ialtered icircadian irhythms 

ihighlight ithe ipotential iof imutual iinteractions ibetween icircadian iand iimmune isystems i(Liu iet ial., i2017). 

iAlthough iwe ihave ia ibetter iunderstanding iof ithe ieffects iof ithe icircadian ioscillator ion iinflammation, ithe itime-

of-day idependent imolecular imechanisms ithat iregulate ithe iactivity iof iNLRP3 iinflammasome iand isecretion 

iof iinflammatory icytokines iremain ielusive. i 

 

1.6.2 iInteraction iof icircadian ioscillator iand iNLRP3 iinflammasome iin iatherogenesis i 

Atherogenesis iis ia icardiovascular idisease icaused iby ia ibuild-up iof ifats iand icholesterol ion ithe iwalls iof 

iarteries. iThe iatherosclerotic ilesion iformation iis itriggered iby ithe iinfiltration iand imodification iof ilipoproteins 

iand ithe iinflux iof imacrophages iinto isubepithelial ispace iand isubsequent iformation iof ifoam icells.  iThe 

iaccumulation iof iinflammatory icells imainly imacrophages, iT iand iB icells iresult iin iinefficient iefferocytotic 

iremoval iof ifoam icells iand ias ia iresult iformation iof ian iadvanced ilesion iwith ia inecrotic icore ithat ican ibecome 

ia iplaque iand ilead ito imyocardial iinfarct ior istroke i(Hirota iet ial., i2013; iSolt iet ial., i2012). iPrevious istudies 

ishowed ithat igenetic ialteration iof ithe icircadian iclock iin ilipoproteins icontributes ito iinflammation iwhich 

ipromotes iatherosclerotic idisease i(Tedgui i& iMallat, i2006). iCircadian iclock iprotein iBMAL1 iis iable ito 

imodulate ithe iproduction iof ilipoproteins iand icholesterol. iIts iinhibition ileads ito iatherosclerosis iand 

ihyperlipidaemia iin ianimal imodels i(Steffens iet ial., i2017). iMacrophage icyclic itrafficking iand ipolarization iare 

ialso iregulated iby iBMAL1, iand iBMAL1 igene iknockout iin ianimal imodels iresulted iin iinduction iof imonocyte 

irecruitment iand iincreased irisk iof iatherosclerosis i(McAlpine i& iSwirski, i2016). iMoreover, iknockdown iof 

iREV-ERBα iresulted iin ia ireduction iin ilipoprotein iplasma ilevels iand imodulation iof ithe iinflammatory iprofile  

iof iimmune icells itowards ian ianti-inflammatory iphenotype i(Huo iet ial., i2017; iPan et al., i2016). i 
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In iatherosclerotic ilesions, ioxidized ilow-density ilipoproteins i(oxLDL) iundergo iphagocytosis iby 

imacrophages iwhich iresults iin iintra-lysosomal icrystallization. iThe icrystals iact ias iDAMPs iand itrigger 

iassembly iof iNLRP3 iinflammasome icomplex, ithus iprovoking ithe ienhanced irelease iof iproinflammatory 

icytokines iIL-1β iand iIL-1α i(Raspé iet ial., i2002). iDuewell iet ial iinhibited iNLRP3 iinflammasome iin 

iapolipoprotein iE-deficient iand iLDL ireceptor-deficient imice iand iobserved ia isignificant ireduction iin 

iatherogenesis, iwhich isuggests ithat iNLRP3 iplays ia icrucial irole iin ithe iformation iof iatherosclerotic ilesions 

i(Duewell iet ial., i2010) iFurthermore, iabnormal icholesterol iefflux iin imyeloid icells ileads ito iaccumulation iof 

iunesterified icholesterol iand ipromotes iactivation iof iNLRP3 iinflammasome, icytokine irelease iand iformation 

iof iatherosclerotic iplaques. iAltern iet ial ifound ithat iIL-1β ineutralizing iantibody iCanakinumab isignificantly 

ireduced ithe iincidence iof iNLRP3 iinflammasome imediated iatherogenesis iin ivivo i(Alten iet ial., i2008). iThe 

ianti-IL-1β iantibody isuccessfully iinhibited ithe irelease iof iproinflammatory icytokines iIL-1β iand itherefore 

ireduced ichance iof iinflammation. iIn iline iwith ithis istudy, iCanakinumab iAnti-inflammatory iThrombosis 

iOutcome istudy iby iRidker iet ial idemonstrated ithat iinhibition iof iIL-1β ialso isignificantly ireduced ithe irisk iof 

iatherosclerotic idisease ias iwell ias idecreased isystemic iinflammation iin ipatients iwith iprevious icardiovascular  

idiseases iin ithe iabsence iof ithe ieffect iof ilipoproteins i(Ridker et al., i2020). iDespite ithe ineutralization iof iIL-1β 

iby ithis iantibody, ithe iresidual iinflammatory irisk iis istill ipresent idue ito ithe iproduction iof iproinflammatory 

icytokines iIL-6 iand iIL-18 iwhich ihave ialso ibeen iassociated iwith icardiovascular idiseases. iTherefore, ithere iis 

ia ipossibility ifor inovel itherapies ithat iwill ibe iable ito isimultaneously iinhibit ithe irelease iof iall iof ithese 

iproinflammatory icytokines. iCurrently,  ithere iis inot ienough ievidence ito idetermine iwhether icircadian icontrol 

iof iNLRP3 iinflammasome icomplex iactivation iis idisrupted iin imacrophage ifoam icells. iFrom ithis iperspective,  

ithere iis ia ineed ifor ia ibetter iunderstanding iof iinteractions ibetween icell iclock iand iregulation iof iNLRP3 

iinflammasome. iPerhaps idevelopment iof ia itherapy ithat iwill itarget ithe icircadian iclock icomponents, iin 

iparticular, iREV-ERBα ican imodulate iactivation iof iNLRP3 iinflammasome iand ilead ito ia idecrease iin ilevels iof 

iIL-1β iand iIL-18 ias iwell ias imodulation iof iMCP-1 iexpression iand iIL-6 irelease i(Gibbs iet ial., i2012). 

 

1.6.3 iInvolvement iof ithe icircadian iclock iin ithe ipathogenesis iof irheumatoid iarthritis i i 

Recent istudies ihave idetermined iinteresting ibi-directional iinteraction ibetween ithe icircadian iclock iand 

iimmune iresponse iin iinflammatory idiseases isuch ias rheumatoid arthritis i(RA). iThere iis imultiple ievidence 

ithat idisruption iof ibiological iclock ihas ia isignificant ieffect ion ithe ifunctioning iof ithe iimmune isystem iand 

itherefore iit inegatively iimpacts ithe ipathogenesis iof ichronic iinflammatory idiseases isuch ias iRA. iThe ifirst 

iobservation ithat isupported ithe iconcept ithat icircadian iclock inot ionly iaffects ithe isymptoms iof iRA idisease ibut 

iis ialso iinvolved iin iRA ipathogenesis iof iRA iwas imade iin i2010. iThe istudy iby iPuttonen iet ial iprovided ia 

isignificant ilink ibetween ishift iwork iand ian ienhanced irisk iof iRA iin iwomen i(Puttonen iet ial., i2010). iFor ia ilong 



37 

 

itime, iit ihas ibeen iknown ithat ithere iis ia irelationship ibetween isleep iand ichronic iinflammatory idiseases ilike iRA 

iand igout. iHowever, ithere iis istill ino iclear iunderstanding iof ithe imolecular imechanisms ithat iare iresponsible 

ifor iit. iPatients isuffering ifrom irheumatoid iarthritis ioften iexhibit isleep idisorders ithat iare icharacterized ias ia 

inocturnal iawakening itype. iThis itype iof isleep idisorder iis idescribed iby ia isignificant idecrease iin isleep 

iefficiency iand ian iincrease iin iwaking iphases. iCakirbay iet ial ireported ia idecline iin ithe iquality iof isleep-in 

ipatients isuffering ifrom iRA idue ito ithe iincrease iin iRA idisease iactivity iduring ithe inight i(Çakirbay iet ial., 

i2004). i i 

The imain isource iof iproinflammatory icytokines iin iRA iis iinnate iimmune icells isuch ias iB icells iand iT icells iand 

iadaptive iimmune icells ilike imacrophages. iIn ivivo iand iex ivivo istudies idemonstrated ithat imacrophages 

iderived ifrom ispleen, ilymph inodes iand iperitoneal ifluid iutilize iautonomous icircadian ioscillations. iThe ilymph 

inode iand ispleen icells isecrete iIL-6 iand iTNFα ifollowing ia icircadian irhythm iwhen istimulated iwith ibacterial 

iendotoxin i(Keller iet ial., i2010.). iMoreover, ithe isecretion iof iproinflammatory icytokines iand ichemokines 

iinduced iby iendotoxin iwas isignificantly iimpacted iby iexpression iof icircadian iclock icomponents iREV-ERBα 

iand iBMAL1. iAs iwas idiscussed ipreviously,  inuclear ireceptors iREV-ERBα iand iRORα iare ithe itwo imain iclock 

iregulators ithat imodulate itranscription iof iBMAL1.  iThe iknockout iof iREV-ERBα iin ivivo idemonstrated ithe 

iloss iof icircadian irhythms ito iendotoxin iresponse, ispecifically ithe irelease iof iIL-6 iwas iinhibited i(Yang iet ial., 

i2006). iIn icontrast, ithe ioverexpression iof iREV-ERBα isignificantly iinduced ithe iexpression iof icytokine iCCL2 

iby ibinding ito iits ipromoter iregions iin imacrophages iderived ifrom imice. iThe iinduction iof iCCL2 iresulted iin ian 

iincrease iin irecruitment iof imonocytes, iT icells iand idendritic icells iand isubsequent iinduction iof iinflammation 

iresponse. iIn iaddition, ianother inuclear ireceptor iRORα ihas ian iimportant irole iin iactivation iof idifferentiation 

iof iT icells iinto T helper 17 cells iTh17 i(CD4+) icells. iThe iTh17 icells iexpress iproinflammatory icytokines isuch 

ias iIL-17 iand iIL-17F ithat idrive iinflammation iresponse. iTherefore, ithese icells irepresent ia imajority iof iT icell 

ipopulation ithat iinfiltrate iinflamed isynovial itissue iin iRA. iRecent istudies idetermined ithat iRORα ihas ian 

iimportant irole iin iregulation iof iinflammation ias iit  ican idirectly iactivate ithe imain iinhibitory iprotein iin ithe iNF-

κB ipathway, iIκBα, itherefore isuppressing iinflammatory iresponses i(Delerive iet ial., i2001). iIn icontrast, iRORα 

iis iable ito iup-regulate iinflammatory iresponse iby ibinding ito ia iresponse ielement ion ithe ipromotor iof ithe iIL-6 

igene, ithus ienhancing iproduction iof iIL-6 icytokine. iIn ithe istudy iby iKopmels iet ial, ithe iauthors iused istraggerer 

i(sg) imice ithat ihad iRORα igene ideletion i(Kopmels iet ial., i1992). iThey iidentified ithat imacrophages iderived 

ifrom isg imice iare ihyperresponsive ito iPAMPs iproduced iby iLPS iand itherefore iproduce ian ielevated ilevel iof 

iproinflammatory icytokines iIL-6 iand iIL-1β. iInterestingly, iit ihas ibeen ipreviously idemonstrated ithat ithe 

inumber iof iT icells ispecifically iTh17, iand itheir iactivity iis istable iduring ithe idaytime i(resting iphase), ihowever, 

ithere iis ia isignificant iinduction iin itheir iactivity iduring ilate ievening iand inight i(the iactive iphase ifor imice isince 

ithey iare inocturnal) i(Revu iet ial., i2018). iThis imight isupport ithe iregulation iof iT icells, iIL-6 iand iIL-1β 

icytokines iby iclock iproteins iRORα iand iREV-ERBα. iThe istudies iinvolving iclock-targeting itherapies iare istill 

iin itheir iinfancy iand ialthough ithere iare ipromising ipreliminary iresults, iconsiderably imore iwork iwill ibe 
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irequired ibefore iit ican ibe idetermined iwhether ithese itherapies imay ihave ia iclinical iefficacy ifor itreating 

iinflammatory ihuman idiseases i(Ruan et al., i2021). i i 

1.6.4 iInvolvement iof ithe icircadian iclock iin ithe ipathogenesis iof igout? 

The iregulation iof iNLRP3 iinflammasome icomplex iby icore icomponents iof icircadian iclock ihas ishown ito ibe 

iinvolved iin iinitiation iof iinflammatory iresponse iin iseveral iinflammatory idiseases ias iwas idiscussed iabove. 

iDespite ithe ifact ithat igout iis ione iof ithe ioldest iafflictions iin ihumans iand ia imajor ipublic ihealth iproblem 

iworldwide ithere iis istill ia ilarge igap iin icurrent iknowledge iof ithe iinvolvement iof icircadian irhythms iin iits 

ipathogenesis igiven ithe imounting ievidence iof icircadian iinvolvement iin icontrolling iNLRP3 iinflammasome 

iactivity ias iwell ias ia ihigher iincidence iof igout iattacks iat ia icertain itime iof iday i(Martinon iet ial., i2006). iGouty 

iarthritis iis iamong ithe iother ichronic iinflammatory idiseases ilike irheumatoid iarthritis iand iatherosclerosis iin 

iwhich iNLRP3 iinflammasome icomplex iis iregulated iby ia icircadian ioscillator. iTherefore, ithere iis ia ipossibility 

ithat igout iflares ithat iare iknown ito ibe itime-of-day idependent ican ipotentially ibe iregulated iby icircadian 

irhythms iin iimmune icells. iThe iin ivivo iand iin ivitro istudies idemonstrated ithat iNLRP3 iinflammasome 

icomplex iplays ia icrucial irole iin iorchestrating iMSU-induced iinflammatory iresponse i(Dalbeth i& iHaskard, 

i2005). iThere iis ia iclear ineed ifor ia ibetter iunderstanding iof ithe irole iof iNLRP3 iinflammasome iin igout iand ithe 

imechanism iof iinitiation iof isudden, itime-of-day idependent igout iattacks. iPerhaps ithe idisruption iin icircadian 

irhythms iin icells iof iimmune isystem icould ibe idirectly ior iindirectly iinvolved iin iregulation iof iNLRP3 

iinflammasome icomplex iand iinitiation iof igout iflares. 

1.7 iConclusion i 

Indeed, icircadian iclock iplays ia ipivotal irole iin ia imajority iof ibiological iprocesses iin imammals, iand iit’s inow 

ibeen iknown ithat idisruption iof icircadian irhythms ican ilead ito isevere ichronic iinflammatory idiseases. 

iAlthough ithere iis iincreasing ievidence ithat ialteration iof icore icircadian iclock iprotein iexpression icould 

icontribute ito iNLRP3 iactivation iin iother ichronic iinflammatory iconditions, ithere iare istill ino istudies ithat ishow 

iwhether ithere iis ia irelationship ibetween iNLRP3 iinflammasome icomplex iactivity iand icircadian iimmunity iin 

igout. iGout iis ione iof ithe ioldest, imost icommon,  idebilitating iform iof iinflammatory iarthritis iin ithe iworld. 

iTherefore, ithere iis ia iclear ineed ifor iunderstanding ithe imechanism iof iinitiation iof isudden, itime-of-day 

idependent igout iflares. iUnderstanding iif iand ihow iMSU icrystals imight iaffect ithe iexpression iof icore icircadian 

ioscillator icomponents iin iimmune icells iand ialter iactivity iof iNLRP3 iinflammasome icomplex iis itherefore 

iimportant. iThere iare itwo ipotential ibenefits ifrom iunderstanding icircadian idisruption iin igouty iarthritis.  iFirst, 

iwe imight ibe iable ito iimprove ipatient ioutcomes iby iusing ichronotherapy ialongside ipharmacology iapproaches 

ito itarget iand iregulate iNLRP3 iinflammasome iactivity. iSecond, iwe imight ibe iable ito iidentify iwhether ior inot 

inovel idrug itargets iare irhythmically iactive ior iexpressed iin ithe itarget itissue. iSuch ia istrategy iwill iallow 
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itargeting iNLRP3 iinflammasome ispecifically iin ipathological itissues ithat idisplay idisruption iin icircadian 

ioscillation ipatterns ias iwell ias imaintain ihomeostasis iin ihealthy itissues. i 

 

1.8 iAims iand iObjectives i 

 

Over-arching iresearch iquestion iand ihypothesis 

Could ialteration iin ithe ibiological icell iclock iactivity iof imacrophages iand imonocytes icontribute ito ithe 

idevelopment iof igout iflares? 

 

Individuals iwith igout iare ipredisposed ito igout iflares iduring ithe inight-time idue ito ialteration iof ithe 

imacrophage icircadian irhythm iby iMSU icrystals. i 

Specific ihypotheses iof ithis istudy 

1. MSU icrystal iexposure iwill icause ichanges iin ithe iexpression iof icomponents iof ithe icircadian iclock iin 

ithe iTHP-1 imonocyte/macrophage-like icell iline 

2. BMAL1 iand iREV-ERBα iregulate iNLRP3 iinflammasome iactivity iin iTHP-1 icells i 

3. The itime-of-day iexposure ito iheme iand iprednisolone iinfluence itheir iability ito iregulate iNLRP3 

iinflammasome iactivation 

Aim i1: iTo idetermine ithe ieffect iof iexposure iof iMSU icrystals ion ithe iexpression iof icore icircadian ioscillator 

icomponents iin imacrophage-like icells iand ia imonocyte icell iline i 

Objectives: 

1. Compare ithe iexpression iof icore icircadian igenes i(CLOCK, iBMAL1, iCRY1/2, iPER1/2/3 iand iREV-

ERBα) iin iTHP-1 imonocyte/macrophages-like icells ithe iabsence/presence iof iMSU icrystals i 

 

2. Compare iprotein ilevel iof icore icircadian iclock icomponent iREV-ERBα iand iTLR4 iin iTHP-1 

imonocyte/macrophages-like icells iin ithe iabsence/presence iof iMSU icrystals 

 

Aim i2: iTo idetermine iwhether iBMAL1 iregulates iNLRP3 iinflammasome iactivity iin iTHP-1 

imonocyte/macrophage-like icells i 

Objectives: 

1. Compare ithe iactivity iof iNLRP3 iinflammasome icomplex ibetween iBMAL1-overexpressed iand 

iBMAL-1 iknockdown iTHP-1 imonocytes iand imacrophage-like icells. i 
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Aim i3: iTo idetermine iwhether iREV-ERBα iactivity iregulates ithe iNLRP3 iinflammasome iin iTHP-1 

imonocyte/macrophages-like icells 

Objectives: 

1. Determine ithe ieffect iof iheme i(an iendogenous iREV-ERBα iagonist) iand ia ipharmacological iREV-

ERBα iantagonist ion iNLRP3 iinflammasome iactivity i 

 

 

Aim i4: iTo idetermine iwhether itime iof iday iaffects ithe iability iof iprednisolone ito iregulate iNLRP3 

iinflammasome iactivity iin iTHP-1 imonocyte/macrophage-like icells i 
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2.0 iMethod iDevelopment 

 

2.1 iOptimisation iof iTHP-1 icell iculture i 

 

2.1.1 iMaterials iand ireagents i 

Details iof imaterials iand ireagents iused iin ithis istudy ipresented iin iAppendix. i i 

2.1.2 iCells iand icell igrowth iconditions i 

The ihuman iacute imonocytic ileukemia icell iline iTHP-1 iwere iobtained ifrom i(American iType iCulture 

iCollection iATCC). iTHP-1 icells iwere icultured iin ithe iHeraeus iHERAsafe iLaminar iFlow ihood ifollowing 

iaseptic itechniques. iCells iwere isuspended iin i15ml iof iRPMI i1640 imedium isupplemented iwith i1% 

ipenicillin/streptomycin i(P/S) iand i10% ifetal ibovine iserum i(FBS), ihereafter iwhich iwould ibe ireferred ias 

igrowth imedia i(GM). iThe icells iwere icultured iin ia isterile iflask iwith ia ifilter icap i(T75) iand iincubated iat i37°C 

iin ihumidified iair iwith i5% iCO2. i 

 

2.1.3 iRevival iof iCryopreserved icells i 

Cryovial iwith iTHP-1 icells iwere ifirst iretrieved ifrom iliquid initrogen istorage iand ithen itransported ito ithe 

ilaboratory iin iice. iImmediately iafter iarrival, iTHP-1 icells iwere iplaced iin ia ibead ibath ifor ithawing. iThawed 

iTHP-1 icells iwere imixed iin ia i50ml itube iwith ipre-warmed i15ml iof iGM iand ithen icentrifuged iat i200G ifor i5 

imin iin ia iroom itemperature i23°C. iThe isupernatant iwas idiscarded, iand ithe ientire icell ipellet iwas itransferred 

iinto iT75 iflask, ifollowed iby iresuspension iwith i15ml iof ipre-warmed iGM. iTHP-1 icells iwere icultured ifor iat 

ileast i2 ipassages ibefore iusage iin iall iassays, ihowever ithey idid inot iexceed ipassage i20 ito iavoid iany ichanges iin 

icell’s iphenotype. i i 

 

2.1.4 iCell imaintenance i 

THP-1 icells iwere ipassaged ievery i2-3 idays iwhen icells iwould ireach iapproximately i70-80% iconfluency iin 

iorder ito imaintain ilog iphase igrowth. iGM iand iPBS iwere iprewarmed iin ibead ibath iat i37°C iprior ito icell ire-

seeding. iCells iin ithe iGM iwere itransferred iinto ithe i50ml ifalcon itube iand iflask iwas iwashed itwice iwith i5ml iof 

iPBS ito iassure ithe iremoval iof iTHP-1 icells ifrom ithe iflask. iThe icells iwere icentrifuged iat i200G ifor i5 imin 
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i(name iof icentrifuge) iand isupernatant iwas iremoved iin ione imotion. iTHP-1 icell ipellet iwas iresuspended iwith 

i1ml iof iGM iprior ito idetermining ithe icell iconcentration. i i i 

To imeasure ithe icell iconcentration, i10µL iof i0.4% itrypan iblue idye i(Sigma) iwas idiluted iwith i10µL iof icell 

isuspension iin i1:1 iratio. iThe istained imixture i(10ul) iwas iplaced ionto ithe iCountessTM icounting islide iand 

icovered iwith ia icoverslip ito icreate ian ieven ifocal isurface. iThe iCountessTM iAutomated iCell iCounter 

i(Invitrogen) iwas iused ito idetermine ithe itotal inumber iof ilive icells. iThe ivolume iof ithe icell isuspension ifor 

isubculturing iwas icalculated iwith ithe ifollowing iequation: 

Equation i2.1 

Total iSeeding iMedia i(mL) i/ i(Cell iConcentration i(cells iper imL) i/ iCell iNumber iRequired) i* i1000 i= iVolume 

iof icell isuspension ito iseed i(ul) iin itotal iseeding imedia i(GM) 

The icells iwere isubcultured iinto ia inew iT75 iflask iwith ifresh iGM ievery i2-3 idays iat ia iconcentration iof i1x10^5 

icells/mL ito iachieve iapproximately i1x10^6 icells iper iflask. i i 

If ithe icell iconcentration icould inot ibe idetermined iby ithe iCountessTM iAutomated iCell iCounter, ithen iit iwas 

idetermined imanually iby iusing ithe iNeubauer icounting ichamber i(hemocytometer). iThe icells iwere imixed 

iwith itrypan iblue istain iin i1:1 iration ias idescribed ipreviously, iloaded ion ia ihemocytometer, iand icounted iunder 

ithe ilight imicroscope. iThe iviable icells iwere inot istained iwith itrypan iblue iwhereas idead icells iappeared iblue iin 

ithe ilight imicroscope. iThe iaverage inumber iof iviable icells iwere idetermined iby icounting icells iin itwo isquares 

iand idividing iit iby i2. iThe icell iconcentration iwas icalculated iwith ithe ifollowing iequation: i 

Equation i2.2 

Cell iAverage i* i1x10^4 i* iDilution iFactor i= iCell iConcentration i(cells/mL) 

As iexample: i 

Cell iAverage i= i60 i 

Dilution ifactor i= i2 i 

60 i* i1x10^4 i* i2 i= i1.2 ix i10^6 icells/mL 

The ivolume iof ithe icell isuspension ifor isubculturing iwas icalculated ias idescribed iabove iand icells iwere 

isubcultured ias ipreviously idescribed. i 
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2.1.5 iCell idifferentiation i i 

 

To istimulate idifferentiation iof iTHP-1 imonocytes iinto imacrophages-like icells iphorbol i12-myristate i13-

acetate i(PMA) iwas iused. iWorking i10uM iPMA isolution iwas imade iby idiluting i10mM istock iPMA iwith iPBS 

iin i1:1000 iratio. iIn i96-well iplates iand i24-well iplates ithe iTHP-1 icells iwere iseeded iat i2x10^5cells/mL. iThe 

irequired ivolume iof i10uM iPMA iwas icalculated iby iusing iEquation i3 iand idiluted iwith iappropriate ivolume 

iof iGM idepending ion isize iand inumber iof iwells irequired, i96-well iplate i(100uL/well), i24-well iplate 

i(500uL/well). iThe iTHP-1 icells iwere icentrifuged, iand isupernatant iwas iremoved. i100uL iof iPMA idiluted iin 

iGM iwas iadded iinto ieach iwell iand icells iwere iincubated ifor i3 idays. iAn iincrease iof imacrophage imarkers 

i(CD14, iTLR4, iCD36) iin idifferentiated iTHP-1 imacrophages-like icells iwas imeasured iby ireal itime iRT-PCR. 

i 

 

Equation i3 i 

 

𝐶1𝑉1 =  𝑖𝐶2𝑉2 

 

 

 

 

2.1.6 iMSU itreatment 

 
Monosodium iurate icrystals i(MSU) iwere iused iin ithis istudy ito isimulate ithe ieffect iof iendogenous imolecules 

ithat iactivate iNLRP3 iinflammasome iin ijoints iand icause igout iattacks. iMSU icrystals ihad ibeen imanufactured 

iby ithe iprotocol istated iin i(Denko iet ial., i1976)) iand ireadily iavailable ito iuse iin istock iconcentration iof 

i0.004g/ml.  iThe icrystals ihad ibeen itested iand iwere iendotoxin ifree. i iWorking isolution iwas imade iby 

icalculating irequired ivolume iof iMSU ifrom istock ito iachieve ithe ifinal iconcentration iof i500ug/ml iper iwell 

i(Equation i3). iStock isolution iwas imade iby imixing i0.004g/ml iof istock iMSU ipowder iwith i1ml iof iGM iin 

iseparate iEppendorf itube. iThe irequired ivolume iof iMSU iwas ialiquoted ifrom istock isolution iand idiluted iwith 

iGM ito irequired ifinal ivolume i(number iof iwells*uL/well*10%). iHence iit iis inot ipossible ito idetermine ia 

iphysiologically irelevant iMSU icrystal iconcentration, ithe iconcentration iof iMSU icrystals iused iin ithis istudy 

iwas iconsistent iwith ithe iprevious iin ivitro istudy i(Zheng iet ial., i2015). 

 

2.1.7 iDrug iTreatments 

To idetermine iwhether itime iof iday iaffects ithe iability iof iprednisolone iand iheme ito iregulate iNLRP3 

iinflammasome iactivity iin iTHP-1 imonocyte/macrophage-like icells, ithe idrugs isuch ias iprednisolone iand 
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iheme ias iwell ias itheir ivehicles iDMSO iand iNaOH irespectively,  iwere iused iin iCaspase-1 iassay. iThe idrugs 

iand ivehicles istock iconcentrations iwere iprepared ifollowing iconsultation iof ithe iliterature ito imatch 

iconcentrations iobserved iin icirculation ifollowing iprednisone itreatment i(for iprednisolone) ior inormal ihealthy 

iadults i(heme). iThese iconcentrations iwere ialso isimilar ito ithose iused iin isimilar istudies. iThe iconcentration iof 

iprednisolone iwas iobtained ifrom ithe iclinical istudy iof iasthma i(Ramsahai iet ial., i2020) iand iconcentration iof 

iheme iused iin ithis istudy iwas iconsistent iwith ithe ifollowing istudies i(Figueiredo iet ial., i2007; iSong iet al., 

i2020). iPrednisolone iand iheme iwere iused iat i100ug/L iand i30uM irespectively iby idiluting ithe isolvent-based 

istock i1:1000 iwith imedia. iDMSO iand iNaOH i(0.1M) iwere iused ias inegative icontrol iand ialso idiluted iat 

i1:1000 iwith imedia. i 

To idetermine iwhether iREV-ERBα iactivity iregulates ithe iNLRP3 iinflammasome iin itreated iTHP-1 

imonocyte/macrophages-like icells i(+/- iMSU, i+/- iPMA), ithe ipharmacological iREV-ERBα iantagonist 

i(SR8278) iand iheme i(an iendogenous iREV-ERBα iagonist) ias iwell ias itheir ivehicles iDMSO iand iNaOH 

irespectively, iwere iused iin iCaspase-1 iassay. iThe iconcentration iof iSR8278 i(1uM) iused iin ithis istudy iwas 

iobtained ifrom ithe iprevious istudy iwhich iinvestigated ithe ieffect iof iSR8278 iin iHEK293 icells i(Kojetin et al., 

2011). iThe iresearchers idetermined ithat ithe ipeak iof iSR8278 iinhibitory ieffect iis iachieved iat i1uM iwith iIC50= 

i0.35uM. iSR8278 iwas iused iat i1uM iby idiluting ithe isolvent-based istock i1:1000 iwith imedia. iDMSO iand 

iNaOH iwere iused ias inegative icontrol iand idiluted iat i1:1000 iwith imedia. i 

 

2.2 iDevelopment iof ia imethod ifor iTHP-1 icell itransfection i 

2.2.1 iChemical iTransfection imethod 

The iUniversity iof iAuckland ibiosafety iapproval ifor ithis iexperiment iwas igranted iby ithe inumber iAPP202708, 

iapproved iuser iBSC2918. iOne iof ithe imain iaims iof ithe istudy iwas ito idetermine ithe ieffect iof ialtered iBMAL1 

iexpression ion iNLRP3 iinflammasome iactivation iin iTHP-1 icells iand idifferentiated iTHP-1 imacrophages-like 

icells. iIn iorder ito iachieve ithis, ia iprotocol ito ieffectively itransfect iundifferentiated iand idifferentiated iTHP-1 

icells ineeded ito ibe iestablished. iFirstly,  ia ichemical itransfection iprotocol iwas itrialled iusing ilipofectamine 

ireagents iin iwhich ithe iBMAL1 igene iwas iknocked idown iby ishort-interfering iRNA i(siRNA) iand iectopically 

ioverexpressed iusing iplasmid itransfection. iThe iknockdown iand iectopically iexpressed idifferentiated iTHP-1 

icells iwere inot idirectly icompared ito iuntreated iTHP-1 icells idue ito ithe inature iof iplasmid itransfection iwhich 

ican iinduce icell istress iand icell ideath. iTo ieliminate ithese ipotentially iconfounding ifactors iof itransfection, ithe 

iBMAL1 iknockdown iTHP-1 icells iwere icompared ito icells itreated iwith icontrol isiRNA itargeting ienhanced 

igreen ifluorescent iprotein i(EGFP). iCells iectopically ioverexpressing iBMAL1 iwere icompared ito icells 

itransfected iwith ia icontrol iplasmid iencoding iGreen iFluorescent iProtein i(GFP). i 
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To idetermine ithe iproportion iof icells isuccessfully itransfected iwith isiRNA, icells iwere itransfected iwith 

isiRNA iencoding ilaminin iA. iKnockdown iof ilaminin iA ileads ito icell ideath itherefore iby idetermining ithe 

inumber iof isurviving icells irelative ito ithe inumber iof icells ioriginally iseeded, ithe ipercentage iof icells iwhich 

ihave itaken iup ithe isiRNA icould ibe idetermined. iTo idetermine ithe iproportion iof icells isuccessfully itransfected 

iwith iplasmid, idirect icount iof iGFP-positive icells iunder ia ifluorescent imicroscope iwas iundertaken. i 

 

 

Knockdown iwith isiRNA 

THP-1 icells iwere iseeded iat ia iconcentration iof i2x10^5 icells/mL iin i96-well iplates iwith ia itotal iof i100ul iper 

iwell. iThe icells iwere iseeded i24h iprior ito itransfection iresulting iin i~70-80% icell iconfluence iat itime iof 

itransfection. iOne ihour iprior ito icell itransfection, ithe iGM iwas ireplaced iwith iserum-free imedium.  iThe ivolume 

iof iserum-free imedium iwas idecreased ito ihalf iof ithe iinitial ivolume iof iGM. iFor ithis iexperiment ithe ifollowing 

iconditions iwere iincluded ias icontrols: iuntreated iTHP-1 icells, iTHP-1 itreated iwith itransfection ireagent ialone 

iin ithe iabsence iof isiRNA, iTHP-1 itreated iwith isiRNA iin ithe iabsence iof itransfection ireagent iand iTHP-1 

itreated iwith isiRNA ialone. i 

The iknockdown itransfection iwas iperformed iusing iLipofectamineTM iRNAiMAX iTransfection iReagent  

i(LifeTechnologies). iThe icells iwere iseeded iin itriplicate ifor ieach icondition. iThree idifferent isiRNA 

iconcentrations i(1pmol, i1.5pmol, i2pmol) iwere iused ito idetermine ithe ioptimum isiRNA iconcentration ifor icell 

itransfection iin ikeeping iwith ithe imanufacturer’s irecommendations ifor itransfections iwith ilipofectamine 

iRNAiMAX. iThe isiRNAs iin iconcentration iof i200ng/uL iwere idiluted iin isterilised iTE ibuffer i(Tris-EDTA 

ibuffer) ipH i8 i(1:3 iratio). iThe isiRNA isolution iwas ifurther idiluted iin iOpti-MEM ireduced iserum imedium 

i(1:27.7 iratio) iand ikept ion iice. iLipofectamineTM iRNAiMAX iReagent iwas idiluted iin iOpti-MEM i(1:50.6 

iratio). iDiluted isiRNA iwas iadded ito iLipofectamineTM iRNAiMAX iReagent i(1:1 iratio), imixed ithoroughly,  

iincubated iat iroom itemperature ifor i5 imin iand i10uL iof icomplex iwas iadded ito ieach iwell. i 

The icells iwere iincubated ifor i18 ihours iat i37°C, ithen imedia iin iall iwells iwas ireplaced iwith i100uL iof iGM iand 

icells iwere ileft  ito irecover iin ian iincubator ifor ianother i30 ihours iat i37°C. iThe icells iwere ianalysed iunder ia 

ifluorescent imicroscope iafter i48 ihours ifrom ithe imoment iof itransfection. 
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Ectopic ioverexpression iwith iplasmid 

Cells iwere iseeded ias idescribed ifor iknockdown iwith isiRNA. iEctopic ioverexpression iwas iperformed iusing 

iLipofectamine™ i3000 iTransfection iReagent i(ThermoFisher iScientific). iTo itransfect ieach iwell iin i96-well 

iplate i0.15ul iof iLipofectamineTM i3000 iReagent iwas idiluted iwith i4.85uL iof iOpti-MEM iReduced iserum 

imedium ito ia itotal iof i5uL ias iper ithe imanufacturer’s irecommendation. iTo iprepare imaster imix iof iDNA 

i0.2uL/well iof iP3000 iwas imixed iwith i100ng/well iof iplasmid iin ia iseparate iEppendorf itube. iThe 

iconcentration iof iBMAL1 iplasmid iwas i282.2ng/uL, itherefore i0.35uL iwas iused iper iwell. iThe iconcentration 

iof iGFP iplasmid iwas i239.8ng/uL, itherefore i0.42uL iwas iused iper iwell. iIt iwas imade iup ito i5uL iwith iOpti-

MEM. iThe imaster imix iwas imixed iwith idiluted iLipofectamineTM i3000 iReagent iin i1:1 iratio, iincubated ifor 

i10 imin iat iroom itemperature iand i10uL iof icomplex iwas iadded ito ieach iwell. iTriplicates iwells iwere iused ifor 

ieach icondition. i 

Treated icells iwere iincubated ifor i18 ihours iat i37°C, ithen imedia iin iall iwells iwas ireplaced iwith i100uL iof iGM 

iand icells iwere ileft ito irecover iin ian iincubator ifor ianother i30 ihours iat i37°C. i 

 

 

Figure i2.1 iPlate ilayout iof ithe iTHP-1 icell itransfections. iCells iwere iseeded iin ia i96-well iplate. iRNAiMAX 

iis ivehicle icontrol. isiBMAL1 iis ithe icontrol ifor iknockdown. isiBMAL1+RNAiMAX iis ithe iBMAL1 

iknockdown itreatment. isiLaminin iis ithe icontrol ifor icell itoxicity.  iRNAiMAX+Laminin iis ithe icontrol ifor icell 

itoxicity. iLipo3000 iis ivehicle icontrol, iGFP ialone iis ithe icontrol ifor ioverexpression iand iLipo3000+GFP iis 

iBMAL1 ioverexpression itreatment. iCells iwere iseeded iin i96-well iplate. i‘n’ irepresents ithe inumber iof 

itechnical ireplicates. iFigure icreated iusing iBiorender isoftware. i 
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Knockdown iwith isiRNA imethod ianalysis i 

The iknockdown itransfection iof iTHP-1 icells iwith isiRNA ididn’t ishow ithe iadequate iresults. iThe ipercentage 

iof ialive icells itreated iwith iRNAiMAX+Laminin iat ithree idifferent iconcentrations i(1pmol, i1.5pmol, i2pmol) 

iis ialmost ithe isame ias ithe ipercentage iof ialive icells itreated iwith iRNAiMAX ior iuntreated icells. i 

 

Table i2.1. iLaminin icell icount iresults. iThe ipercentage iof ialive icells iis ishown. i 

Untreated 

icells 

RNAiMAX 

i 

 

siLaminin 

(1pmol) 

siLaminin 

(1.5pmol) 

siLaminin 

(2pmol) 

RNAiMAX+Laminin 

(1pmol) 

RNAiMAX+Laminin 

(1.5pmol) 

RNAiMAX+Laminin 

(2pmol) 

48% 10% 47% 42% 7% 23% 27% 19% 

29% 37% 14% 50% 12% 11% 34% 25% 

48% 28% 39% 25% 12% 14% 13% 27% 

 

Plasmid iMethod iAnalysis i 

To icheck ithe iefficacy iof icell itransfection iusing iplasmid, ithe icells iwere ianalysed iusing ifluorescent 

imicroscope i(Nikon iEclipse iNi-E iUpright iMicroscope iSystem) iafter i48h ifrom itransfection. iThe iimages iof 

ieach iwell iwere itaken ito idetermine iwhether ia iplasmid iwas itaken ior inot iby iTHP-1 icell. iAt ileast itwo iimages 

iwere itaken ifor ieach iwell iwith i10x iand i20x imagnification iat i10 iseconds iexposure iusing ithe iNIS-Elements 

iAdvanced iResearch iMicroscope iImaging iSoftware. iTo idetermine itotal icell inumber, iHoechst idye iwas iused 

ias ia icounterstain. i 

 

The ifollowing iimages idemonstrate ithe iefficacy iof iplasmid itransfection: 

 

The isuccessfully itransfected icells iwere ipresented ias igreen idots idue iGFP-tag, ithe irest iof ithe icells iwere inot 

itransfected. iThe iefficacy iof iplasmid itransfection iof iTHP-1 icells iwas ivery ilow i(<1%), itherefore ithe idecision 
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iwas imade ito iperform inext itrial iusing ia ivirus itransfection imethod. iThis idecision ion iusing iviral-mediated 

igene idelivery iwas ibased ion iconsultation iwith iother iresearchers iwho iused iTHP-1 icells iand ihad ino isuccess iin 

itransfecting ithe icells iusing ithe isame iplasmid imethod i(lipofectamine) i(Lee et al., i2004). 

 

2.2.2 iVirus iTransfection i 

 

Pilot itesting iusing iadenovirus i 

The iUniversity iof iAuckland ibiosafety iapproval ifor ithis iexperiment iwas igranted iby ithe inumber iAPP202708, 

iapproved iuser iBSC2918. iTo idetermine ithe itransduction iefficiency iand ito ioptimize iviral iinfection icondition 

iin iTHP-1 icell iline, ithe irecombinant iadenovirus ithat iexpressed ienhanced iGFP iunder ithe icontrol iof ia iCMV 

ipromoter iwas iused, iAd-CMV-GFP. iThe iAdGFP iadenovirus iwas iused ias ia ipotential inon-targeting icontrol 

ifor ioverexpression iof iBMAL1 igene iand iAd-CMV-shRNA i(Scramble)-GFP iwas iused ias ia ipotential inon-

targeting icontrol ifor iknockdown iof iBMAL1. iThe iTHP-1 icells iwere iseeded iinto i96-well iplate iat i2x10^5 

icells/well. iTo idetermine ioptimum iconcentration iof ivirus, icells iwere iplated iin itriplicates ifor i3 iconditions 

i(Untreated, ishGFP iand iadGFP) iwith ia idifferent ivolume iof ivirus/well i(4uL/well, i12uL/well, i20uL/well). 

iEach ivolume iof ivirus/well imeant ito ichange ithe iMultiplicity iof iInfection i(MOI) ito i100, i300, i500 

irespectively. iThe iMOIs ito ibe itrialled iwere idetermined ibased ion iprevious istudy i(Cao iet ial., i2018). iFrom ithe 

iliterature isearch iit iwas idetermined ithat ihigh iMOIs iare irequired ias iTHP-1 icells iexpress ilow ilevels iof 

iadenovirus ireceptor iand itransfection ireagent iassisted iadenoviral idelivery idoes inot iwork iin iTHP-1 icells. 

iOpti-MEM iwas ipre-warmed iin ia ibead ibath iat i37°C, iand iadenoviruses iremoved ifrom i-80C istorage iand 

ithawed ion iice. iWorking istocks iof iadenoviral ivectors ishGFP iand iadGFP iwere imade iat ia iconcentration iof 

i500,000pfu/uL iby idiluting iwith iOpti-MEM iin ia iseparate iEppendorf itube ifor ieach iviral ivector. iViral ivector 

iwas iadded ito icorresponding iwells iand icells iwere iincubated ifor i24h iat i37°C iat i5% iCO2 ifor itransfection 

ianalysis iusing ifluorescent imicroscope. iThe icells iwere icentrifuged iand iwashed iwith iPBS ito iremove ivirus 

iand ireplace iold imedium iwith inew iGM iand iincubated ifor iadditional i48h ito icheck ithe iefficiency iof ivirus 

itransduction. iThe ioptimal itransduction iefficiency iwas iobserved ibetween i100 iand i300 iMOI, itherefore i8uL 

ivirus/well i(200MOI) iwas idecided ito ibe iused ifor ithe ifuture iexperiments. i 
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Figure i2.2. iPlate ilayout ifor ipilot itesting iof iadenoviruses. iCells iwere iseeded iin i96-well iplate. i‘n’ 

irepresents ithe inumber iof itechnical ireplicates. iFigure icreated iusing iBiorender isoftware. 

 

 

 

 

 

 

 

The iefficacy iof iadenovirus itransfection iof iTHP-1 icells iwas ihigh i(>60%), itherefore ithe idecision iwas imade ito 

iproceed iwith ithis itransfection imethod. 

20x 

adGFP shGFP 

20x 
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2.3 iAnalysis iof iGene iExpression i 

One iof ithe imain iaims iof ithe istudy iwas ito idetermine ithe ieffect iof iMSU iexposure ion iexpression iof icircadian 

iclock icomponents iin iTHP-1 icells iand imacrophages-like icells. iThis irequired imeasurement iof iRNA 

iexpression iat imultiple itimepoints iacross ia i24h iperiod. iA irelatively ihigh-throughput imethod iof icDNA 

isynthesis iwas irequired idue ito ithe ilarge inumber iof isamples ithat iwould ibe igenerated. i i 

 

2.3.1 iCell ilysis iand ipreparation iof icDNA iusing iCells-to-cDNA iII iKit 

A idirect icells-to-cDNA imethod iwas iutilized ito iexamine itransduction iefficiency iand ithe ieffects iof 

itreatments. iThis imethod iwas ialready iestablished iin ithe ilab iand isuccessfully iworked ifor iother icell itypes ito 

ienable idirect iproduction iof icDNA ifrom icells igrown iin i96-well iplates. i 

 

Cells iin ithree i96-well iplates i(24h,48h,72h) iwere icentrifuged iat i240g ifor i5 imin ito iremove isupernatant 

i(100uL) iand iwashed iwith iice-cold iPBS i(100uL/well) iusing imultichannel ipipette. iThe icells iwere icentrifuged 

iagain iat i240g ifor i5min ito iremove iPBS iand i30uL iof iice-cold icell ilysis ibuffer iII iwas iadded ito ieach iwell 

ipipetting iup iand idown ito ilyse ithe icells. iCell ilysate iwas itransferred iinto i96-well iPCR iplate iand iquickly 

iheated iat i75°C ifor i15min iin ia ithermocycler i(PTC-100Ⓡ iThermal iCycler) ito iminimize iRNA idegradation. 

iThe iplate iwas iremoved ifrom ithermocycler iand iplaced ion iice. iSubsequently, i1uL/well iof iDNase iand 

i3uL/well iof iDNase ibuffer iwere imixed iin iEppendorf itube iand iadded ito ithe icell ilysate. iThe iplate iwas iheated 

iat i37°C ifor i15min ithen i75°C ifor i5min ito idegrade igenomic iDNA iand ideactivate iDNase. iThe iplate iwas ikept 

ion iice iand i8uL iof ithe iDNase-treated ilysates iwere imoved iinto ia inew i96-well iPCR iplate. iThe ileft-over ilysate 

iwas ilabelled iand istored iat i-20°C. iDiluted i1uL/well iof irandom iprimers iand i3uL/well iof idNTPs iwere imixed 

iin iseparate iEppendorf itube iand i4uL iof imix iwas iadded iinto ieach iwell icontaining i8uL iof ithe iDNase-treated 

ilysate. iThe iplate iwas iheated iat i70°C ifor i5min iin ia ithermocycler. iFor ithe irequired inumber iof isamples, ia 

isufficient ivolume iof ithe ifollowing imix iwas iprepared iin ian iEppendorf itube: 
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Table i2.2 icDNA imix ifor iReverse itranscription ireaction. iThe icomponents iwere iobtained ifrom 

iMMLV- iReverse iTranscriptase iKit. i 

PCR ipreparation ifor icells ito icDNA iII imethod 

The imix ifrom iTable i1 iwas iadded iinto ieach iwell iand iplate iwas iheated ito i37°C ifor i50min ithen i75°C ifor 

i15min iand ichilled iat i4°C. iThe icDNA isamples iwere idiluted iwith i30uL iof iDEPC iwater iper iwell iand 

istored iat i-20°C iuntil irequired ifor iPCR. iReal itime iPCR iwas iperformed ifor ithe ihousekeeper igenes i18S 

iand iBeta-actin ias idescribed iin i2.3.3 iusing i2uL iof ithe isynthesized icDNA iper ireaction. iEach ireaction 

iwas idone iin iduplicates, iplus iwater iblanks iwere iadded ias ia inegative icontrol. i8uL iof ireaction imixture 

iwas iadded iinto icorresponding iwells i(Table i5). 

 

Table i2.3 iComposition iof ireaction imixture ifor iRT-qPCR iusing iCells-to-cDNA iII imethod. 

Component Volume iper ireaction i(µL) 

Primer i(18S, iBMAL1, iACTB, iTLR-2, iCD14, iCD36) 1 

DEPC iwater 2 

SYBR® iSelect iMaster iMix iPrimer 5 

cDNA 2 

Total ivolume 10 

2.3.2 iCell ilysis iand ipreparation iof icDNA iusing iTRIzol® iReagent i 

The iCt ivalues iof ihousekeeper igenes isuch ias i18S iand iBeta-actin i(ACTB)  iwere iabnormally ihigh. iThe 

irange iof iCt ivalues ifor i18S iwas ibetween i25 iand i30 i(expected iCt ivalues i8-12) iand ithe irange iof iCt ivalue 

Component Volume iper iwell i(µL) 

0.1M iDTT 2 

MMLV iReverse iTranscriptase i(200U/uL) 0.5 i 

First iStrand iRT iBuffer i5X 4 

RNase-free iwater i 2 i 

Total 8.5 
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ifor iACTB iwas ibetween i30 iand i36 i(expected iCt ivalues i20-25). iTherefore, ithese iresults icould inot ibe 

iused ibe icompared ito iBMAL1 igene iexpression. iTo ieliminate iexperimental ierror, ithe icells ito icDNA iII 

imethod iwas iperformed itwice iand iin iboth itimes iCt ivalues ifor i18S iand iACTB iwere inot iin iadequate 

irange. i 

To iimprove ithe iquality iand iquantity iof iRNA iextraction, ithe iTRIzol® iReagent iand iQuick-RNA 

iMiniprep ikit i(ZYMO iResearch) iwere iemployed. 

RNA iPurification 

The icells iwere icentrifuged iat i260g ifor i5min, iand iall ithe isupernatant iwas iremoved. iTRIzol ireagent i(200uL) 

iwas iadded iinto ieach iwell, ithe icells iwere ipipetted iup iand idown ifor ihomogenization iand iincubated ifor i5 imin 

iat iroom itemperature. iThe iplate iwas iwrapped iusing ia ifilm iand iplaced iin i-80°C ifreezer ifor i10min ito icomplete 

ithe icell ilysis iprocess. iAfter i10 imin iin i-80°C ithe iplate iwas ithawed ion iice iand ian iequal ivolume iof iethanol 

i(95%) iwas iadded ito ithe isamples ilysed iin iTRIzol ireagent iand imix ithoroughly. iThe imixture iwas ithen 

itransferred iinto iZYMO-spin icolumn iwhich iwas iplaced iin ia icollection itube iand icomplex iwas icentrifuged iat 

i15,000g ifor i30 isec. iThe icolumn iwas itransferred iinto ia inew icollection itube iand ithe iflow-through iwas 

idiscarded. i400uL iof iRNA iWash iBuffer iwas iadded iinto ieach icolumn iand icentrifuged iat i15,000g ifor i30 isec. 

iTo iimprove ithe iquality iof iRNA iextraction, iDNA iwas iremoved iusing iDNase. iDNase i(1500U) ifrom ithe ikit  

iwas ieluted iin i275uL iof iDNase/RNase ifree iwater iand istored iat i-20°C. iIn ia iseparate iEppendorf itube 

i5ul/column iof iDNase iwas imixed iwith i75uL/column iof iDigest iBuffer. i80uL iof imixture iwas iadded ito ieach 

icolumn iand iincubated iat iroom itemperature ifor i15min. i400uL iof iDirect-zol iRNA iPrewash iwas iadded ito ithe 

icolumn iand icentrifuged iat i15,000 ifor i30sec, ithis istep iwas irepeated itwice. i700uL iof iRNA iWash iBuffer iwas 

iadded ito ithe icolumn iand icentrifuged ifor i2min ito iremove iimpurities. iSubsequently ithe icolumn iwas icarefully 

itransferred iinto iRNase iFree itube ifor iRNA ielution. iTo ielute iRNA, i15uL-25uL iof iDNase/RNase iFree iwater 

iwas iadded iinto ithe icolumn iand icentrifuged ifor i30sec. iEluted iRNA iwas ieither iimmediately iused ito 

isynthesise icDNA ior istored ifrozen iat i-80°C. i 

 

Nanodrop iMeasurements iof iRNA i 

To imeasure iRNA iconcentration ia iNanodrop iLite iSpectrometer iwas iused. iThe iDNase/RNase-free iwater 

i(1uL) iwas iused ias ia iblank ito icalibrate ithe ireadings. iThe iRNA iconcentration ifrom ieach isample iwas 

idetermined iby imeasuring ithe ilight iabsorbance iat iwavelengths iof i260-280nm. iThe ipurity iof iRNA iis 

iindicated iby ithe iA260/A280 iratio iwhich iis iapproximately i2.0. iIf ithe ivalues iwere ibetween ithe irange i1.7-2.0 

iit iwould iindicate ithat isample ihas iminimum icontaminants isuch ias iphenol, iTRIzol iand iDNA. iThe iRNA 

iconcentration iof ieach isample iwas imeasured iin ing/ul. iThe iRNA iconcentrations iwere istandardised ito ithe 
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ilowest iRNA ivalue ionly iif ithe iRNA iyield iwas isufficient. iStandardization iof isample iwas idone iby idiluting iit 

iwith iDNase/RNase ifree iwater ito imake iall iRNA iconcentrations iequal. i 

 

Pilot iTesting i 

Pilot itesting iof ithis imethod iwas iconducted ito idetermine ithe iRNA iyield. iDuring ithe iTHP-1 icell iline 

isubculturing, irequired icell isuspension iwas icalculated i(Equation i1). iThe icells iwere iplaced iin i4 iseparate 

iEppendorf itubes iand idiluted iwith iGM ito imake iup i1mL/tube iin itotal. iThe iEppendorf itubes iwere icentrifuged 

iat i260g ifor i5min, iand isupernatant iwas iremoved. iCells iwere ilysed iusing iTRIzol iReagent. iRNA iwas 

iextracted iusing idifferent iamount iof iRNase iFree iWater i15uL iand i25uL ito idetermine iif ithere iis ia idifference 

iin iRNA iconcentration. iThe iresults ishowed ithat iincreasing icell inumber idid inot iresult iin iincreased iRNA iyield 

i(Table i2.4). iTherefore, ithe idecision iwas imade ito iprocced iwith i2x10^4 icells/mL ieluted iin i15uL iof iRNase 

ifree iwater ias iit iproduced ijust ienough iRNA iyield i(12.7ng/uL) ifor iRT-qPCR. i 

 

Table i2.4 iPilot itesting iof iTRIzol ireagent iand iRNA iPurification imethod. 

Number iof icells/mL Volume iof iRNase ifree 

iwater i(uL) 

RNA iconcentration i(ng/uL) 

2x10^4 15 12.7 

2x10^4 25 9.8 

5x10^4 15 8.2 

5x10^4 25 6.8 

 

 

Synthesis iof icDNA ifrom iRNA 

To isynthesis icDNA ifrom iRNA, i11uL iof istandardised iRNA isamples iwere iplaced iin ia i96-well iPCR iplate iand 

itreated iwith iMaster iMix iA iand iMaster iMix iB. iMaster iMix iA iwas iprepared iin iseparate iEppendorf itube iby 

imixing i1uL/well iof idNTP i(10mM) iwith i1uL/well iof iRandom iPrimers i(50ng/uL) iand iadding i2uL/well ito 

iRNA isamples. iThe iplate iwas iheated iin ithermocycler iat i65°C ifor i5min ito ianneal iprimers iand ithen ikept ion iice 

iprior ito iaddition iof iMaster iMix iB. iMaster iMix iB iwas iprepared iin iseparate iEppendorf itube iusing ithe ireagents 

idescribed iin iTable i2.5. i7uL iof iMaster iMix iB iwas iadded ito ieach iwell iand iplaced iin ithermocycler iat i25°C ifor 

i5min, i50°C ifor i60min, iand i70°C ifor i15min ifor ireverse itranscription. iThe isynthesised icDNA iwas ieither iused 

iimmediately ifor iRT-qPCR ireactions ior istored ifrozen iat i-20C. iThe icDNA isamples iwere inot idiluted iwith 

iDEPC iwater iprior ito iRT-qPCR. 
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Table i2.5 iMaster iMix iB ifor icDNA ireverse itranscription. i 

Component Volume iper iwell i(uL) 

Superscript iIII iEnzyme i 1 

RNase iOUT 1 

0.1M iDTT i 1 

First iStrand iBuffer i5X 4 

Total ivolume 7 

 

 

2.3.3 iReal-time iQuantitative iPolymerase iChain iReaction i(RT-qPCR) 

 

The ihousekeeper iribosomal i18S iprimer i(Life iTechnologies) iwas iused ias ia ireference igene. i 

For ieach iindividual iprimer ithe ireaction imixture iwas imade iin ithe iseparate iEppendorf itubes. iThe iprimers 

iwere ichosen idepending ion ithe itype iof iexperiment. i 

 

18S iForward isequence: iGTAACCCGTTGAACCCCATT 

18S iReverse isequence: iCCATCCAATCGGTAGTAGCG 
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Table i2.6 iSYBR iGreen iPrimers iused ifor iRT-qPCR. i 

Gene iof iinterest Abbreviation Assay iName Catalogue iNumber 

BMAL1 ARNTL i[Human] Hs_ARNTL_1 iQuantitect 

iprimer iassay 

QT00011844 

PER1 PER1 i[Human] Hs_PER1_1_SG 

iQuantitect iprimer iassay 

QT00069265 

PER2 PER2 i[Human] Hs_PER2_1_SG 

iQuantitect iprimer iassay 

QT00011207 

PER3 PER3 i[Human] Hs_PER3_1_SG 

iQuantitect iprimer iassay 

QT00097713 

CRY1 CRY1 i[Human] Hs_CRY1_SG iQuantitect 

iprimer iassay 

QT00025067 

CRY2 CRY2 i[Human] Hs_CRY2_SG iQuantitect 

iprimer iassay 

QT00094920 

REV-ERBα NR1D1 i[Human] Hs_NR1D1_1_SG 

iQuantitect iprimer iassay 

QT00000413 

TLR4 TLR4 i[Human] Hs_TLR4_SG iQuantitect 

iprimer iassay 

QT00047937 

CD14 CD14 i[Human] Hs_CD14_SG iQuantitect 

iprimer iassay 

QT00046382 

 

CD36 CD36 i[Human] Hs_CD36_SG iQuantitect 

iprimer iassay 

QT00039648 

CLOCK CLOCK i[Human] Hs_CLOCK_1_SG 

iQuantitect iprimer iassay 

QT00054481 
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PCR ipreparation ifor iTRIzol ireagent iand iRNA ipurification imethod 

The isynthesized icDNA ifrom ieach isample i(4uL) iwas iadded iinto ithe i384-well iPCR iplate. iEach ireaction iwas 

idone iin iduplicates, iplus iwater iblanks iwere iadded ias ia inegative icontrol. i6uL iof ireaction imixture iwas iadded 

iinto icorresponding iwells ito icreate ia ifinal ireaction ivolume iof i10ul i(Table i2.7). 

 

 

Table i2.7 iComposition iof ireaction imixture ifor iRT-qPCR iusing iTRIzol ireagent iand iRNA 

ipurification imethod. i i i i 

Component Volume iper ireaction i(µL) 

Primer i(18S, iBMAL1, iACTB, iTLR4, iCD14, iCD36, 

iCRY1/2, iPER1/2/3, iREV-ERBα) 

1 

DEPC iwater 0 

SYBR® iSelect iMaster iMix iPrimer 5 

cDNA i 4 

Total ivolume 10 

 

The iplate iwas isealed iusing itransparent iPCR iadhesive icover iand icentrifuged iat i1000rpm ifor i30sec ito imake 

isure iall ithe icomponents iwere imixed. i iThe iQuantStudioTM
 i12K iFlex iReal-Time iPCR imachine iwas iused ito 

iperform iRT-qPCR. iThe iPCR icycle ifor iSYBR igreen iwas ithe ifollowing: i 

Hold iStage: i 

 50°C, i2 iminutes i 

Denaturation iStage: i 

 i i i i i i i i i i i i95°C ifor i2 iminutes 

PCR iStage i(40 icycles): 

 95°C, i15 iseconds 

 60°C, i1 iminute 

Melt iCurve iStage: 

 95°C, i15 iseconds i 

 60°C, i1 iminute i 

 95°C, i15 iseconds i 

 

To idetermine ithe ithreshold icycle i(CT) ivalues ithe iQuantStudio i12K iFlex iSoftware iwas iused. iThose i(CT) 

ivalues iwere iexported ion ia iMicrosoft iExcel ispreadsheet iand ianalysed. iThe istandard ideviation iof ithe 
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iduplicates iwas i<0.1, itherefore ithe iaverage imeasurements iof ithe ireplicates icould ibe idetermined. iFirst, ithe 

iaverage iCT ivalue iof ieach isample iwas idetermined ifrom ithe iduplicates iby iusing iExcel iformula 

i“=AVERAGE”. iNext, ifor ievery igene iof iinterest iCT ivalue iwere inormalized ito iits icorresponding i18S iCT 

ivalue i(Equation i4). iDelta iCT ivalue iof ieach isample iwas iconverted iinto ilog ivalue iby iusing iformula: i= i2^ i(Δ 

iCT). iThe igene iexpression iwas iexpressed ias ia ifold ichange iby idividing ilog ivalue iof ieach isample iby icontrol 

ivalue i(untreated icells) ito igive ia i2^ iΔ iΔ iCT ivalue. iThe ioverexpression iand idown iregulation iof igene iof iinterest 

iwas ipresented ias i>1 iand i<1 ifold ichange, irespectively.  i 

Equation i4 

∆𝐶𝑇  𝑖𝑜𝑓 𝑖𝑒𝑎𝑐ℎ 𝑖𝑠𝑎𝑚𝑝𝑙𝑒 =  𝑖𝐶𝑇  𝑖(𝐵𝑀𝐴𝐿1) −  𝑖𝐶𝑇  𝑖(18𝑆) 

2.3.4 iData iAnalysis i 

The iexperiment iwas iperformed ionce iwith i6 itechnical ireplicates i(n=6) ifor ieach itime ipoint ifor istatistical 

ipurposes. iThe iexpression ibetween icontrols iand itreatments iwere istatistically ianalysed iby itwo-way iANOVA 

iwith iTukey iand iSidak imultiple icomparison itesting iusing iPrism iGraphPad i9. iThe itime icourse idata ifor 

imajority iof ithe igenes iof iinterest ihad ito ibe ilog i2 itransformed ito ipass iSpearman’s itest iand iNormality iof 

iResiduals itests. iThe iFriedman’s itest iwas iused ito ianalyse ithe igenes iwhich ifailed ito ipass iall ithe inormality 

itests ias iwell ias iSpearman’s itest iin itransformed iform. iResults iare ishown ias imean i± iSEM. iA ip-value iof i<0.05 

iwas iconsidered istatistically isignificant. i i i 

Transfection iof iTHP-1 icells iusing iadenoviruses i 

To idetermine ithe ieffect iof ialtered iBMAL1 iexpression ion iNLRP3 iinflammasome iactivation iin iTHP-1 icells  

iand idifferentiated iTHP-1 imacrophages-like icells ivirus itransduction imethod iwas iused. iThis iexperiment iwas 

iconducted iin ithree i96-well iplates, ia iplate iper itime ipoint i(24h, i48h, i72h). iThe iTHP-1 icells iwere iseeded iin i96-

well iplate iand itreated iwith iPMA i(PMA itreatment iprotocol). iAfter i3 idays, iTHP-1 icells iwere iseeded iat 

i2x10^5cells/well iand iafter i8 ihours iboth imacrophages-like icells iand iTHP-1 icells iwere itreated iwith idifferent 

iadenoviruses ifor iBMAL1 igene iknockdown iand ioverexpression i(Figure i2.3). iThe icells iwere iincubated iat 

i37°C ifor i24h, i48h, i72h. iAfter ieach itime ipoint ithe icorresponding iplate iwas iremoved ifrom ian iincubator, 

icentrifuged iat i240g ifor i5 imin, isupernatant iwas iremoved, iand icells iwere iwashed iwith i100uL iof iPBS ix i1. 

iSubsequently, icells iwere ilysed iwith iTRIzol iReagent iand iRNA iwas iisolated ifollowing ithe imethod idescribed 

iin i2.3.2. icDNA iwas isynthesised ifrom iRNA iand iRT-qPCR iwas iconducted. 
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Figure i2.3. iPlate ilayout iof ithe iadenovirus itransfection iapplied ito iTHP-1 iand imacrophages-like icells. i 

iCells iwere iseeded iin i96-well iplate. i‘n’ irepresents ithe inumber iof itechnical ireplicates. iFigure icreated iusing 

iBiorender isoftware. i i i 

 

The iefficacy iof iadenovirus itransfection iof iTHP-1 icells iwas idetermined ibased ion itwo itime ipoints i48h iand 

i72h ias ithe i24h itime ipoint icouldn’t ibe iused ifor iRT-qPCR ianalysis idue ito icontamination. ishGFP iwas iused ias 

ia icontrol ifor iBMAL1 iknockdown i(shBMAL1). iBMAL1 iadenovirus iwas iused ifor iBMAL1 ioverexpression.  

iThe idata iwere inormalized ito i18S, iand ifold ichange iwas idetermined ifor ishBMAL1 iexpression irelative ito 

ishGFP. iThe iresults ishowed ia isignificant ireduction iin iBMAL1 iexpression, itherefore iadenovirus iwas iused ias 

ia imethod iof itransfection iin ithe inext iexperiments. i 

 

2.4 i24-hour iovernight iexperiment i 

 

96-well iplate i 

To idetermine iwhether itreatment iof iTHP-1 i(+/-MSU, i+/- iPMA) ieffect ithe iexpression iof icore icircadian 

ioscillator icomponents ia i24h itime-course iexperiment iwas iconducted iwith icell ilysates icollected iat i4-hourly 

iintervals iover i24h iperiod. iIn ipreparation ifor ithis i24-hour iexperiment, iseven i96-well iplates iwere iused iwith 

ione iplate ifor ieach iof ithe i4-hour itime ipoints (Figure 2.4). iSix iplates ihad icells iseeded iin i4 idifferent 

iconditions: iUntreated, iPMA itreated, iMSU itreated iand iPMA+MSU itreated. iOne iplate i(0 itime ipoint) ihad 

icells iseeded iin i2 iconditions: iUntreated iand iPMA itreated iand iwas iused ifor ibaseline idata. iThe icells iwere 

iseeded iwith i6 iwells iper icondition iat i2x10^5cells/well,  ivolume iof icell isuspension iwas icalculated iusing 
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iEquation i3. iThe iTHP-1 icells iwere iseeded ifirst ionly ifor iPMA iand iPMA+MSU iconditions ifollowing iPMA 

itreatment iprotocol ias idescribed ipreviously. iAfter i3 idays, ithe irest iof ithe icells iwere iseeded ifor ithe itwo iother 

iconditions ito imake isure ithe icell inumbers iare isimilar. iThe itime iperiod iof i3 idays iwas inecessary ias ithe iPMA 

itreated icells idon’t iproliferate iwhereas inon-PMA itreated icells iwill ibe ioverly iconfluent iin ithis itime. 

iMonocytes iand idifferentiated imacrophages-like icells iwere iserum istarved ifor i~18 ih iby ireplacing iGM iwith 

i100uL iFBS iFree iserum imedia iand ithen ifed iwith iGM i(to isynchronise icell iclock) iin ithe ipresence ior iabsence 

iof iMSU icrystals i(MSU iTreatment iprotocol). iCells iin ireplicate iwells iwere icollected ifor iRNA ianalysis iprior 

ito ifeeding iand/or iMSU icrystal iexposure i(0h itimepoint iplate) ifor ibaseline idata iand iat i4 ihourly iintervals ifor 

ia iperiod iof i24 ih iafter ifeeding/MSU icrystal iexposure. iThe i24h iexperiment irequired ithe icollection iof icell 

ilysates iafter ihours, itherefore iRNA iLater iwas iused ito ipreserve icells ias ihazardous isubstances ilike iTRIzol 

iReagent icould inot ibe ihandled iafter ihours. iTo ipreserve ithe icells ifor ifuture icell ilysis iand iRNA iPurification, 

isupernatant iwas ireplaced iwith i100uL iof iRNA iLater iand iplates iwere istored iat i-20°C. iThe icells iwere ilysed 

iusing iTRIzol iReagent, iRNA iwas ipurified i(RNA iPurification iprotocol) iand icDNA iwas isynthesised. iThe 

iexpression iof ionly ithree icore icircadian igenes i(BMAL1, iCRY2, iREV-ERBα) iwas imeasured iby iRT-qPCR idue 

ito ithe ilow iconcentration iof iRNA. iTherefore, ithe inext iovernight iexperiment iwas iperformed iin i24-well 

iplates ito iachieve ihigher iRNA iconcentration iand imeasure ithe ifull irange iof icore icircadian igenes. i 

 

Figure i2.4 iPlate ilayout ifor i24-hour iexperiment. iCells iwere iseeded iin i96-well iplate iwith i6 itechnical 

ireplicates iper itreatment. iA iseparate i96-well iplate iwas iused iper itime ipoint ito ienable icells ito ibe iharvested iat 

ieach itimepoint iwithout idisturbing icells ifor isubsequent itimepoints. iFigure icreated iusing iBiorender 

isoftware. 
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24-well iplate 

The isame iprotocol iwas iused ifor icell iseeding iand icell itreatment ias ifor i96-well iplate ibut iin ithe iscale iof i24-

well iplate (Figure 2.5). iThe icells iwere inot ipreserved iwith iRNA ilater ibut iinstead iwere ilysed iusing i300uL 

iTRIzol iReagent iand ifrozen iat i-80°C ifor ifuture iRNA iPurification iand icDNA isynthesis. iThe iexpression iof 

ithe ifull irange iof icore icircadian igenes i(BMAL1, iCLOCK, iCRY1/2, iPER1/2/3) iand iauxiliary iclock igene 

iwhich iis iimplicated iin ithe icontrol iof iinflammation i(REV-ERBα) ias iwell ias igenes iinvolved iin imediation iof 

iMSU icrystal iinflammation i(CD14, iCD36 iand iTLR4) iwere imeasured iby ireal itime iPCR. 

 

Figure i2.5 iPlate ilayout ifor i24-hour iexperiment. iCells iwere iseeded iin i24-well iplate iwith i6 itechnical 

ireplicate iper icondition. iA iseparate i96-well iplate iwas iused iper itime ipoint ito ienable icells ito ibe iharvested iat 

ieach itimepoint iwithout idisturbing icells ifor isubsequent itimepoints. iFigure icreated iusing iBiorender 

isoftware. 

 

2.5 iCaspase-Glo-1 iInflammasome iAssay i 

To idetermine ithe ieffect iof ialtered iBMAL1 ilevels ion iNLRP3 iinflammasome, iCaspase-Glo-1 iInflammasome 

iassay iwas iconducted. iIt iis ia ibioluminescent imethod ito iselectively imeasure ithe iactivity iof ithe iessential 

icomponent iof ithe iNLRP3 iinflammasome, icaspase i1. iThe iselective icaspase-1 isubstrate i(Z-WEHD) ienabled 

idetection iof icatalytically iactive icaspase-1 iin itreated icells ior iculture imedia ialone iand iquantitative 

imeasurement iof iNLRP3 iactivity. iThe iassay iincluded ithe iuse iof itwo iproteosome iinhibitors iMG-132 iand iAc-

YVAD-CHO. iMG-132 iwas iused ito ieliminate inon-specific iproteosome isubstrate icleavage ito ienable  

isensitive idetection iof icaspase-1. iAc-YVAD-CHO iwas iused ias icaspase-1 ispecific iinhibitor ito iconfirm 
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ispecific iactivity iin iparallel isamples iand idistinguish icaspase-1 iactivity ifrom iother icaspases. iThe iCaspase-

Glo i1 ibuffer iand iZ-WEHD isubstrate iwere iequilibrated ito iroom itemperature iprior ito iuse. iThe iZ-WEHD 

isubstrate iwas iin ia ipowder iform, itherefore iit ihad ito ibe ireconstituted iby itransferring ithe icontents iof iCaspase-

Glo i1 ibuffer iinto ithe iamber ibottle iwith iZ-WEHD. iThe ireagent iwas ithoroughly imixed iby iswirling iand 

iinverting ithe ibottle. iThe iproteosome iMG-132 iInhibitor iand iAc-YVAD-CHO iInhibitor iwere ithaw iat iroom 

itemperature iprior ito iuse. iThe iCaspase-Glo-1 iReagent iwas iprepared iby iadding i60 iuL iof iMG-132 iInhibitor ito 

i10mL iof ireconstituted iZ-WEND iSubstrate iand iswirling ithe icontents iuntil ithe ireagent ithoroughly imixed. 

iSubsequently, iThe iCaspase iGlo i1 iYVAD-CHO iReagent iwas imade iby itransferring ihalf iof ithe iCaspase-Glo 

i1 iReagent ito ia iseparate itube iand iadding iAc-YVAD-CHO iInhibitor iat ia iratio i1:1000 i(2uL iof iAc-YVAD-

CHO iInhibitor iadded ito i2mL iof iCaspase-Glo i1Reagent). iThe imixture iwas ithoroughly imixed iby iinverting 

ithe itube imultiple itimes. iThe i96-well iplate icontaining icells iin idifferent iconditions iwere iremoved ifrom ithe 

iincubator iand iequilibrated iat iroom itemperature ifor i5min. i100uL iof iCaspase-Glo i1 iReagent iwas iadded ito 

ihalf iof ithe iwells icontaining i100uL iof itreated icells, inegative-control ior iblank i(GM iwithout icells). iThe iother 

ihalf iof ithe iwells iwere itreated iwith i100uL iof iCaspase iGlo  i1 iYVAD-CHO iReagent, i200uL iin itotal/well. iThe 

i96-well iplate iwas iincubated iat iroom itemperature ifor i1 ihour ito istabilize ithe iluminescent isignal. iThe iactivity 

iof icaspase-1 iin icells ior iculture imedia iwas idetected iby imeasuring ia istable iluminescent isignal iusing ia iTecan 

iSpark iplate ireader iat i30min, i60min iand i90min iafter iincubation. i 

 

 

2.5.1 iPilot iTesting iof iCaspase-Glo-1 iInflammasome iAssay i(Attempt i#1) 

To idetermine ithe ioptimal iconditions ifor icell inumber iand itheir itreatment iperiod ithe iCaspase-Glo  i1 iassay iwas 

iperformed iwith ithe ifollowing iconditions: iUntreated i(THP-1 icells), iMSU itreated, iPMA itreated 

i(macrophages-like icells), iMSU+PMA itreated, iblank i(GM ionly, ino icells) (Figure 2.6). iIn iaddition, inegative 

icontrol i(MSU+GM, ino icells) iwas iincluded ito idetermine iwhether ithe icrystals ithemselves iinterfered iwith ithe 

iassay. iThe iTHP-1 icells iwere iseeded ion i96-well iplate i(2x10^5 icells/mL) iin i100uL iof iGM iand itreated iwith 

iPMA i3 idays iprior ito iCaspase-Glo i1 iassay. iTHP-1 iand imacrophages-like icells iwere itreated iwith iMSU 

icrystals i24 ihours iprior ito iCaspase-Glo i1 iassay ito ipromote iinflammation iand irelease iof icaspase-1. iAt ithe iday 

iof ithe iexperiment iCaspase-Glo i1 iassay iwas iconducted iand icaspase-1 iactivity iwas imeasured iaccording ito ithe 

imethod idescribed ipreviously. i 
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Figure i2.6 iPlate ilayout iof iCaspase-Glo-1 iAssay iAttempt i#1. iCells iwere iseeded iin i96-well iplate iwith i3 

itechnical ireplicates iper icondition. iFigure icreated iusing iBiorender isoftware. 

 

Analysis iof i#1 iattempt iCaspase iGlo-1 iassay i 

The iresults iof ithe ifirst iattempt iwere inot isatisfactory ias iwe idid inot iobserve idifference iin icaspase-1 iactivity 

ibetween icells itreated iwith ispecific icaspase-1 iinhibitor iYVAD-CHO iand icells itreated iwith inon-specific 

iinhibitor iMG-132. iTherefore, ia ifew ichanges iin ithe iprotocol iwere imade ifollowing iconsultation iof ithe 

iliterature ito isee iwhat iprotocols ihad ibeen iused iin isimilar istudies (Jhang et al., 2015). iFirst, ithe iTHP-1 icells  

iwere iseeded iin i96-well iplate ifor ionly iPMA iand iPMA+MSU iconditions, ithe irest iof ithe iTHP-1 icells iwere 

iseeded i6-8 ihours iprior ito iaddition iof iMSU icrystals iand iconducting ian iassay.  iThis iwas idone ito imake isure ithe 

inumber iof icells iper iwell iis isimilar iin iboth iPMA itreated iand iTHP-1 iuntreated iconditions. iAs ifrom ithe ifirst 

iattempt ithere iwas ia iclear idifference iin icell inumber ievident iby iviewing icells iunder ia imicroscope ibetween 

iPMA itreated iand iuntreated icells. iSecond, iZ-WEHD iSubstrate iwas iadded iin itriplicates iinto ithe iwells iwith ino 

icells ias ian iadditional icondition ito iprovide ia ireading iof ithe iassay ibackground. iThird, ias iper imanufacturer’s 

iinstructions ionly igrowth imedium iwas iused ito itry iand idetect icaspase-1 iactivity iin i4 iconditions i(untreated, 

iMSU, iPMA, iPMA+MSU). iFourth, ithe itotal iassay ivolume iof i100uL/well iin i96-well iplate iwas iused ito 

idetermine iwhether iit iwould ibe isufficient ifor idetection iof icaspase-1 iactivity. iFifth, ifor iMSU iand iPMA+MSU 

iconditions, ithe icells iwere itreated iwith iMSU icrystals i4 ihours iprior ito ian iassay, iinstead iof i24 ihours ias iit iwas 

istated iin iprevious istudies i (Jhang et al., 2015). iLastly, ithe iassay iwas iperformed iat i3 idifferent itime ipoints 

i(30min, i60min, i90min) iand ibased ion ithe ifindings ithe ioptimal icaspase-1 iactivity iwas idetected iat i60 iand i90 
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iminutes ireading ias ithe istable iluminescent isignal iwas iobserved. iTherefore, i60min iand i90min itime ipoints 

iwere iused ifor ithe ifuture iassays. 

 

30min 

 

60min 

 

90min 

 

 

 

2.5.2 iCaspase-Glo-1 iInflammasome iAssay i(Attempt i#2) i 

For ithis iexperiment itwo i96-well iplates iwere iused (Figure 2.7). iPlate iA) iwas ithe imain iplate iwith icells itreated 

iwith idifferent iconditions. iPlate iB) iwas ia itrial iplate iwith ionly iGM iderived ifrom icells itreated iwith idifferent 

iconditions. iThe icells ifor iPMA iand iPMA+MSU icondition iwere iseeded ifirst iat i2x10^5cells/mL iin i50uL 

iculture imedium iper iwell iin iboth i96-well iplates iand iincubated ifor i3 idays. iAfter i3 idays, ithe icells ifor iuntreated 

iand iMSU itreated iconditions iwere iseeded iat ithe isame iconcentration iin i50uL iof iGM. iAll ithe icells  iwere 

iseeded iin itriplicates ifor ieach icondition. iThe icells ifor iPMA iand iPMA+MSU iconditions iwere icentrifuged, 

iold imedia iwas iremoved, iand icells iwere itreated iwith i50uL iof iMSU icrystals iiand iincubated ifor i4 ihours iprior 

ito ian iassay. iAfter i4 ihours, iplate iB) iwas icentrifuged iand i50uL iof ionly igrowth imedia iwas imoved iinto inew 

PMA 32033 41562 42423 66910 49275 47357

MSU 35528 39219 46389 52939 54506 43421

Untreated 10789 11686 12117 10306 8945 7532

MSU+PMA 6064 6721 7048 7151 6947 6437

Blank 2201 2204 1913 2589 1616 1261

MSU+GM 1680 1654 1687 1677 1474 1259

MG-132 only YVAD-CHO

PMA 2813 3468 3603 5410 4104 4002

MSU 3343 3542 4559 4996 4648 4089

Untreated 1719 1691 1786 1792 1593 1498

MSU+PMA 1175 1370 1355 1532 1501 1596

Blank 525 488 430 463 291 280

MSU+GM 294 301 352 309 290 264

MG-132 only YVAD-CHO

PMA 2398 2950 2782 4184 3175 3132

MSU 3002 3022 3615 3639 3448 2996

Untreated 1671 1565 1597 1657 1521 1386

MSU+PMA 1124 1397 1381 1352 1591 1662

Blank 551 509 434 406 331 274

MSU+GM 340 281 347 338 250 257

MG-132 only YVAD-CHO
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iwells. iThe iCaspase-Glo-1 iInflammasome iassay iwas iperformed ion iboth i96-well iplates i(A, iB) ias idescribed 

iabove. i 

 

Figure i2.7 iPlate ilayout iof iCaspase-Glo-1 iAssay iperformed iin i(A) itreated icells iand i(B) imedia ionly. 

iCells iwere iseeded iin i96-well iplate iwith i3 itechnical ireplicates iper icondition. iFigure icreated iusing iBiorender 

isoftware. 

 

 

A) iTreated icells i 

60min 

 

 

 

PMA 1953 2339 1892 2371 3499 2866 48487 20832 51391

MSU 4515 2829 3999 3502 3645 4362 272591 228766 319159

Untreated 8000 2155 6524 2314 2240 2390 116263 109397 354538

MSU+PMA 2218 1441 1808 2512 2157 3150 57202 54542 83006

Blank 183 199 225 217 276 349 721 722 725

MSU+media 194 172 204 197 215 222 524 566 605

NO inhibitor Inhibitor Substrate only
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90min 

 

 

 

B) iOnly iGM i(no icells) 

60min

 

 

 

 

 

90min 

 

2.5.3 iFinal ioptimized iprotocol ifor iCaspase-Glo-1 iInflammasome iAssay 

The iresults iof ithe isecond iattempt iwere ibetter ithan ithe ifirst iattempt, ihowever ithere ia ifew ichanges ihad ibeen 

imade ito iincrease iquality iof ithe iresults. iFirst, ito iclearly idetermine ithe idifference iin icaspase-1 iactivity 

ibetween icells ithat iwere itreated iwith ispecific icaspase-1 iinhibitor iYVAD-CHO iand icells itreated iwith inon-

specific iinhibitor iMG-132, ithe iassessment iof icell inumber iwas iconducted. iSecond, ithe i96-well iplate ithat ihad 

ionly iGM ithat iwas itransferred ifrom ithe itreated icells idemonstrated iclearer iresults ifor icaspase-1 iactivity iin 

icomparison ito i96-well iplate ithat ihad itreated icells iand iGM. i 

The icells iwere iseeded iin i96-well iplate iand itreated iwith iPMA iand iMSU ias iit iwas idescribed iin iattempt i#2. 

iSubsequently, i50uL iof iGM iwas itransferred iinto ianother iwhite i96-well iplate iand iCaspase-Glo-1 iAssay iwas 

iperformed ias idescribed ipreviously. iCaspase-1 iactivity iwas imeasured iat i60 iand i90 iminutes iafter iincubation. 

iThe iassessment iof icell inumber iwas iconducted iusing ithe ioriginal i96-well iplate iwith itreated icells (Figure 

2.8). i 

PMA 1966 2258 1818 2292 3214 2590 46371 19958 49179

MSU 3730 2307 3418 2909 2927 3547 261638 218290 333211

Untreated 7022 2104 5895 2113 2095 2067 110569 102064 372737

MSU+PMA 2154 1369 1833 2424 2048 3032 56809 54528 81930

Blank 218 205 222 273 273 327 701 736 712

MSU+media 199 256 201 233 253 237 514 507 599

NO inhibitor Inhibitor Substrate Only

Untreated 240 362 342 320

MSU 605 532 492 442

PMA 246 187 221 249

PMA+MSU 577 375 539 451

NO inhibitor Inhibitor

Untreated 238 391 364 340

MSU 626 545 517 431

PMA 243 222 224 227

PMA+MSU 549 400 608 526

NO inhibitor Inhibitor
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Figure i2.8 iPlate ilayout iof iCaspase-Glo-1 iAssay final iattempt. iCells iwere iseeded iin i96-well iplate iwith i3 

itechnical ireplicates iper itreatment. iFigure icreated iusing iBiorender isoftware. i i 

 

Assessment iof icell inumber 

Cell inumbers iwere imeasured iin i96-well iplates iafter iconducting iCaspase-Glo-1 iInflammasome iAssay ito 

iallow ivariation iin icell inumber ibetween idifferent iconditions ito ibe iaccounted. iThe iCyquant iGR idye 

i(ThermoFisher iScientific) iwas iused ito imeasure ithe ifluorescence iwhich iis imade iupon ibinding iof idye ito 

icellular iDNA. iCyquant iGR idye istock isolution iin iDMSO iwas idiluted iwith i400-fold iinto iDNA/RNA ifree  

imolecular iwater iand i20-fold iinto ithe icell-lysis ibuffer. iFrozen i96-well iplates iwith icells iwere ithawed iat iroom 

itemperature iand iincubated iin iCyquant iGR idye i(200 iul/well) iat i23°C ifor i5 imin. iFluorescence iwas idetected 

iusing ifluorescent iplate ireader iwith iexcitation i485±10nm iand iemission i528±20nm. iCell inumber iwas 

idetermined iby ireference ito istandard icurves ifor iTHP-1 icells iand iPMA-treated iTHP-1 imacrophage-like icells. 

i 

 

 

2.5.4 iCaspase-Glo-1 iInflammasome iAssay iwith iVirus itransfection i 

To idetermine iwhether ithe ireduction iin iBMAL1 iexpression ilevels iin iTHP-1 imonocyte/macrophage-like 

icells iwill iresult iin ideregulation iof ithe iinflammatory icascade, ithe icells iwere itransfected iwith iadenovirus iand 

iCaspase-1 iassay iwas iperformed. iThe icells iwere iseeded iat i2x10^5 icells/well iin i6 ireplicates ifor ieach 

icondition i(Untreated, iPMA, iMSU, iPMA+MSU). iThe icells ifor iPMA iand iPMA+MSU icondition iwere 
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iseeded ifirst iin i100uL/well iculture imedium iand iincubated ifor i72 ihours. iAfter i72 ihours, icells iwere iseeded 

ifor ithe irest iof ithe iconditions iand iafter i8h itreated iwith idifferent iadenoviruses i10ul/well ifor iBMAL1 igene 

iknockdown iand ioverexpression i(Figure i2.9) iand ileft iin ithe iincubator ifor i24h. iAfter i24h, ithe imedia iwith 

ivirus iwas ireplaced iwith ifresh iGM iand iincubated ifor ifurther i24h. iNext imorning iMSU icrystals i(0.004g/ml)  

iwere iadded iinto ithe iwells i(MSU iand iMSU+PMA iconditions) iand iincubated ifor i4h. iAfter i4h, i50ul iof imedia 

iwere itransferred iinto ia iwhite i96-well iplate iand iCaspase-1 iassay iwas iperformed. i 

 

 

Figure i2.9 iPlate ilayout iof iCaspase-Glo-1 iAssay iwith ivirus itransfection. i iCells iwere iseeded iin i96-well 

iplate iwith i6 itechnical ireplicates iper icondition. iFigure icreated iusing iBiorender isoftware. 

 

2.5.5 iCaspase-Glo-1 iInflammasome iAssay iwith iPrednisolone  iand iHeme 

To idetermine ithe ieffect iof iheme iand iprednisolone i(the iactive imetabolite iof iprednisone)  itreatment iof iTHP-1 

i(+/- iMSU, i+/- iPMA) ion icaspase-1 iactivity iand iwhether ior inot ithe ieffect iis idepending ion itime iof ithe iday, 

iCaspase-Glo-1 iassay iwas iperformed. iThe icells iwere iseeded iat i2x10^5cells/mL iin itriplicates ifor ieach 

icondition i(Untreated, iPMA, iMSU, iPMA+MSU) iand ieach icondition ihad i4 isub-conditions i(Heme, iHeme 

ivehicle i(NaOH), iPrednisolone, iPrednisolone ivehicle i(DMSO)) (Figure 2.10). iThe idrugs iand ivehicles istock 

iconcentrations iwere iprepared iprior ito ithe iday iof iexperiment ias idescribed iin i2.1.7 iDrug itreatments. iThe 

icells ifor iPMA iand iPMA+MSU icondition iwere iseeded ifirst iin i100uL/well iculture imedium iin iboth i96-well 

iplates i(0-12h iand i12-24h) iand iincubated ifor i3 idays. iAfter i3 idays, iGM iwas ireplaced iwith iserum ifree imedia 

ifor iPMA itreated icells, icells ifor iuntreated iand iMSU itreated iconditions iwere iseeded iat ithe isame iconcentration 

iin i100uL iof iserum ifree imedia. iBoth iplates iwere iincubated ifor i18h. iAfter i18h iof iserum istarvation iserum ifree 

imedia iwas ireplaced iwith iGM ifor i12-24h iplate iand iincubated ifor i12h. iAt i0h itime ipoint ithe iserum ifree imedia 
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iin i0-12h iplate iwas ireplaced iwith i90ul iof imedia icontaining idrugs/vehicles iand iincubated iat i37°C ifor i8 ihours. 

iThe idouble iconcentrated istock ifor idrugs, ivehicles iand iMSU icrystals iwere imade. iAfter i8h, i5ul/well iof ithe 

idouble iconcentrated idrugs, ivehicles iand iMSU icrystals iwere iadded ito icorresponding iwells ito imake ithe itotal 

ivolume iof i100ul/well.  iAfter i12 ihours, i0-12h iplate iwas icentrifuged iand i50ul/well iof iGM iwas itransferred ito 

iwhite i96 iwell iplates ito idetect icaspase-1 iactivity. iSimultaneously iafter i12 ihours, ithe icells iin ithe i12-24h iplate 

iwere itreated iwith idrugs iand ivehicles ithe isame iprocedure iwas iperformed ifor i12-24h iplate. iAt ithe iend iboth i96 

iwell iplates iwith itreated icells iwere iused ifor iassessment iof icell inumber. i 

 

 

Figure i2.10 iPlate ilayout iof iCaspase-Glo-1 iAssay iwith iDrug iTreatments. iCells iwere iseeded iin i96-well 

iplate iwith i3 itechnical ireplicates iper icondition. iFigure icreated iusing iBiorender isoftware. i i 

 

2.5.6 iCaspase-Glo-1 iInflammasome iAssay iwith iREV-ERBα iantagonist iand iHeme 

To idetermine iwhether iREV-ERBα iactivity iregulates ithe iNLRP3 iinflammasome iin itreated iTHP-1 

imonocyte/macrophages-like icells i(+/- iMSU, i+/- iPMA) iand iwhether ior inot ithe ieffect iis idepending ion itime 

iof ithe iday, iCaspase-Glo-1 iassay iwas iperformed. iThis iexperiment iwas iconducted iusing iSR-8278 

i(pharmacological iREV-ERBα iantagonist) iand iheme i(an iendogenous iREV-ERBα iagonist) ito idetermine ithe 

ieffect ion iNLRP3 iinflammasome iactivity. iThe icells iwere iseeded iin itriplicates ifor ieach icondition i(Untreated, 

iPMA, iMSU, iPMA+MSU) iand ieach icondition ihad i4 isub-conditions i(Heme i+ iREV-ERBα iantagonist, iHeme  

i+ iDMSO, iHeme ivehicle i(NaOH i+ iDMSO), iREV-ERBα i+ iNaOH) (Figure 2.11). iThe idrugs iand ivehicles 
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istock iconcentrations iwere iprepared iprior ito ithe iday iof iexperiment ias idescribed iin i2.1.7 iDrug itreatments. 

iThe icells ifor iPMA iand iPMA+MSU icondition iwere iseeded ifirst iat i2x10^5cells/mL iin i100uL iculture 

imedium iper iwell iin iboth i96-well iplates i(0-12h iand i12-24h) iand iincubated ifor i3 idays. iAfter i3 idays, iGM iwas 

ireplaced iwith iserum ifree imedia ifor iPMA itreated icells, icells ifor iuntreated iand iMSU itreated iconditions iwere 

iseeded iat ithe isame iconcentration iin i100uL iof iserum ifree imedia. iBoth iplates iwere iincubated ifor i18h. iAfter 

i18h iof iserum istarvation iserum ifree imedia iwas ireplaced iwith iGM ifor i12-24h iplate iand iincubated ifor i12h. iAt 

i0h itime ipoint ithe iserum ifree imedia iin i0-12h iplate iwas ireplaced iwith i90ul iof imedia icontaining 

idrugs/vehicles iand iincubated iat i37°C ifor i8 ihours. iThe idouble iconcentrated istock ifor idrugs, ivehicles iand 

iMSU icrystals iwere imade. iAfter i8h, i5ul/well iof ithe idouble iconcentrated idrugs, ivehicles iand iMSU icrystals 

iwere iadded ito icorresponding iwells ito imake ithe itotal ivolume iof i100ul/well. iAfter i12 ihours, i0-12h iplate iwas 

icentrifuged iand i50ul/well iof iGM iwas itransferred ito iwhite i96 iwell iplates ito idetect icaspase-1 iactivity.  

iSimultaneously iafter i12 ihours, ithe icells iin ithe i12-24h iplate iwere itreated iwith idrugs iand ivehicles ithe isame 

iprocedure iwas iperformed ifor i12-24h iplate. iAt ithe iend iboth i96 iwell iplates iwith itreated icells iwere iused ifor 

iassessment iof icell inumber. i i i i 

 

Figure i2.11 iPlate ilayout iof iCaspase-Glo-1 iAssay iwith iSR-8278 iand iHeme. iCells iwere iseeded iin i96-well 

iplate iwith i3 itechnical ireplicates iper icondition. iFigure icreated iusing iBiorender isoftware. i i 
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2.5.7 iCaspase-1 idata ianalysis i 

The iexperiment iwith iprednisolone iand iheme itreatment iwas iperformed i3 itimes iwith i3 itechnical ireplicates 

i(n=3) ifor ieach icondition ifor istatistical ipurposes. iThe iexperiment iwith iSR-8278 iand iheme iwas iperformed 

ionce iwith i3 itechnical ireplicates i(n=3) ifor ieach icondition. iThe iluminescence ireadings ifrom ieach icaspase-1 

iassay iwere inormalized ito icell inumber iand icalculated ias ia ifold ichange irelative ito ithe icontrols. iAll ithe iresults 

iwere ianalysed iusing ione-way iANOVA iwith iTurkey imultiple icomparison itest iusing iPrism iGraphPad i9. 

iResults iare ishown ias imean i± iSEM. iA ip-value iof i<0.05 iwas iconsidered istatistically isignificant. i i i 

 

2.6 iWestern iBlot i 

The ieffect iof iexposure iof iMSU icrystals ion ithe iexpression iof icore icircadian ioscillator icomponent i(REV-

ERBa), itranscriptional iactivator iof iNLRP3 i(NF-κβ) iand itransmembrane iprotein i(TLR4) iin iTHP-1 

imonocyte/macrophages-like icells iwas ifurther iassessed iat ithe iprotein ilevel. iTo idetermine iwhether itime iof 

ithe iday ialternations iin iREV-ERBa, iNF-κβ iand iTLR4 iprotein iexpression iwere iapparent, itime icourse istudies 

iwere iconducted. iThe ilevel iof iprotein iexpression iwas iquantified iby iWestern iBlot. i 

2.6.1 iPreparation iof iprotein ilysates i 

 

A i24h itime-course iexperiment iwas iconducted iwith icell ilysates icollected iat i6-hourly iintervals iover i24h 

iperiod. iDue ito ithe ilogistics iof iperforming i24-hour iexperiments, ireplicates iwere iperformed iin ithe isame i24h 

iperiod. iAlthough ithese iwere iplated iand itreated iindependently iit iis inoted ithat ithese iare inot itrue i“biological 

ireplicates”. iIn ipreparation ifor ithis i24-hour iexperiment, ieighteen i6-well iplates iwere iused iwith i4 iplates ifor 

ieach iof ithe i6-hour itime ipoints. iSixteen iplates ihad icells iseeded iin i4 idifferent iconditions: iUntreated, iPMA 

itreated, iMSU itreated iand iPMA+MSU itreated. iTwo iplates i(0h itime ipoint) ihad icells iseeded iin i2 iconditions: 

iUntreated iand iPMA itreated iand iwas iused ifor ibaseline idata. iThe icells iwere iseeded iat i4x10^5cells/well,  

ivolume iof icell isuspension iwas icalculated iusing iEquation i3. iThe iTHP-1 icells iwere iseeded ifirst ionly ifor 

iPMA iand iPMA+MSU iconditions ifollowing iPMA itreatment iprotocol ias idescribed ipreviously.  iAfter i3 idays, 

ithe irest iof ithe icells iwere iseeded ito iaccount ifor ithe idifference iin icell inumber. iTHP-1 imonocytes/ 

imacrophages-like icells iwere iserum istarved ifor i~18 ih iby ireplacing iGM iwith i1.5ml iof iFBS iFree iserum imedia 

iand ithen ire-fed iwith iGM i(to isynchronise icell iclock) iin ithe ipresence ior iabsence iof iMSU icrystals. iCells iin 

ireplicate iwells iwere icollected ifor iprotein ianalysis iprior ito ifeeding iand/or iMSU icrystal iexposure i(0h 

itimepoint iplate) ifor ibaseline idata iand iat i6 ihourly iintervals ifor ia iperiod iof i24 ih iafter ifeeding/MSU icrystal 

iexposure. iThe icells iwere ilysed iwith i100ul iof icold iRIPA ilysis ibuffer iwith iadded iprotease iinhibitors i(sodium 
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ifluoride, isodium iorthovanadate iand iPMSF; i1mM ieach) iand iincubated iwith ishaking ion iice ifor i10min. iThe 

iwells iwere iscrapped iusing icell iscrapers, iall ithe icontent iwere itransferred iinto i1.5ml iEppendorf itubes iand 

istored iat i-80°C. i 

 

All ithe isamples iwere ithawed ion iice iand ithe icell isuspension iwas ipassed ithrough ian iinsulin ineedle i5 itimes. 

iThe icell ilysates iwere ipurified iby icentrifugating iat i12,000 irpm ifor i20 iminutes iat i4°C. iThe isupernatant iwas 

igently iaspirated iand itransferred iinto inew icold iEppendorf itubes. i i 

 

 

2.6.2 iProtein iQuantification i 

To iquantify ithe iconcentrations iof iprotein iin ithe isamples, ithe iPierce i660 iProtein iAssay iwas iperformed iusing 

i10uL iof icell ilysate ifrom ieach isample iwas itransferred ito i96-well iplate iand i150uL iof ithe iPierce i660 iReagent 

iwas iadded iinto ieach iwell. iThe iplate iwas imixed iby ishaking ifor i1 iminute iand iincubated iat iroom itemperature 

ifor i5 iminutes iin ithe idarkness. i iSynergy i2 iMulti-Mode iMicroplate iReader iwas iused ito iquantify iprotein 

iconcentrations iby imeasuring ilight iabsorbance iat i660nm. i 

 

Figure i2.12 iStandard icurve ifor iPierce i660 iProtein iAssay. iThe ilinear icalibration icurve iof iprotein 

iconcentration i(µg/mL) irelative ito ithe iabsorbance iat i660nm. iR2
 ivalue i= i0.9986, islope i= i0.0002065, iand iy-

intercept i= i0.05538. 

 

Protein iconcentrations i(ug/mL) iof ieach isample iwas icalculated iusing istandard icurve i(Figure i2.12). iThe 

itarget iconcentration ifor ithe iremaining isamples iwas ithe ilowest iconcentration iobtained. iEquation i5 iwas iused 

ito icalculate ivolume iof iRIPA ilysis ibuffer irequired ito idilute ithe isamples. 
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Equation i5. i 

 
𝑽𝒐𝒍𝒖𝒎𝒆 𝒊𝒐𝒇 𝒊𝑹𝑰𝑷𝑨 𝒊𝑩𝒖𝒇𝒇𝒆𝒓 𝒊𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅 𝒊𝒕𝒐 𝒊𝒅𝒊𝒍𝒖𝒕𝒆 𝒊𝒕𝒉𝒆 𝒊𝒔𝒂𝒎𝒑𝒍𝒆 𝒊

=
(𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 𝒊𝒐𝒇 𝒊𝒔𝒂𝒎𝒑𝒍𝒆 𝒊𝒐𝒇 𝒊𝒊𝒏𝒕𝒆𝒓𝒆𝒔𝒕 𝒊 ×  𝒊𝟏𝟎𝟎)

𝒍𝒐𝒘𝒆𝒔𝒕 𝒊𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏
 𝒊 𝒊 −  𝒊 𝒊𝟏𝟎𝟎 

 

 

Protein iconcentration iof ilysates iwas iequalized iby idiluting imore iconcentrated isamples iwith iRIPA ilysis 

ibuffer. i100uL iof ieach ilysate isample iwas imixed iwith i50uL iof i4xLaemmli isample ibuffer iwith iB-

mercaptoethanol i(in i9:1 iratio). i iThe isamples iwere iheated ito i95°C ifor i5 iminutes ibefore istoring iat i-20°C. i 

 

 

2.6.3 iSDS-PAGE 

Ready ito iuse iCriterion iTGXTM
 iPrecast iMidi iProtein iGels i(4-15%, i26-well) iwere iplaced iinside ithe 

ielectrophoresis ichambers. iThe ireservoir  iwas ifilled iwith iSDS iRunning ibuffer. iPrior ito iloading ithe isamples, 

ithe igels iwere irun ifor i5min iat i170V ito iclear iany iresidue/bubbles.  i7uL iof iPrecision iPlus iProtein iDual iColour 

iprotein iladder iwas iloaded iin ithe ifirst iand ilast iwell iof ieach igel iat ia ivolume iof i7ul. iThe ilysate isamples iwere 

iloaded iin ithe iwells iat ia ivolume iof i15uL. iThe igel iwas irun iat i170V ifor i45 iminutes ior iuntil ithe iblue iloading 

idye ihad irun ioff ito ithe ibottom iof ithe igel. i 

 

The iImmun-Blot iPVDF iblotting imembranes iwere icut ito imatch ithe isize iof ithe igels. iThe imembranes iwere 

isoaked iin i100% iMethanol ifor i30 iseconds iand ithen isoaked iin icold itransfer ibuffer iuntil ithe igels iwere iready 

ifor itransfer. iThe ifilter ipaper iand ifibre ipads iwere isoaked iin ithe itransfer ibuffer iuntil isaturation, iprior ito 

iprotein itransfer. i 

 

2.6.4 iWestern iBlotting 

The itransfer isandwich iwas iprepared iin ithe ifollowing iorder: icathode i(-) iplatform, ipre-soaked ifibre ipad, i2x 

ipre-soaked ifilter ipaper, igel, iPVDF imembrane, i2x ipre-soaked ifilter ipaper, ipre-soaked ifibre ipad, iand ianode 

i(+) iplatform. iThe icassettes iwere ifirmly iclosed iand iplaced iin ithe itransfer itank iwith iice icold itransfer ibuffer. 

iThe itransfer iwas irun iat i100V ifor i60 iminutes. i 

 

While itransfer istep iwas iconducted, i5% iskim imilk isolution iwas imade iin iTBS iTween i(4g iper i100ml). iUpon 

icompletion iof ithe itransfer istep, ithe iblotting imembranes iwere iplaced iin i100% imethanol ifor i30 iseconds iand 
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ithen iplaced ion ithe iside ito idry. iDry imembranes iwere icut iaccordingly ito imolecular iweight iof iindividual 

iprotein. iThe iblotting imembranes iwere ithen iblocked iin i5% iskim imilk isolution ifor i1 ihour iwith ishaking. iAfter 

i1 ihour ithe imembranes iwere iwashed i3 itimes ifor i30 iseconds iin iTBS iTween. iThe iblotting imembranes iwere 

iincubated iwith ia itotal iof i15ml iof ithe iprimary iantibody iof iinterest idiluted i1:1000 i(NF-kB), i1:1000 i(REV-

ERBα), i1:100 i(TLR4) iand i1:10000 i(B-actin) iwith iTBS-Tween. iThe imembranes iwere iincubated iovernight iat 

i4°C ion ia iplate ishaker. i i 

 

The ifollowing iday, ithe imembranes iwere iwashed i5 itimes ifor i5 iminutes iusing ithe ifresh iTBS-Tween ifor ieach 

iwash. iSecondary iantibody imix iwas iprepared iby idiluting iboth ianti-mouse i(B-actin) iand igoat ianti-rabbit iHRP 

i(TLR4, iNF-kB, iREV-ERBα) isecondary iantibodies i1:10000 iin iTBS-Tween. iThe iblotting imembranes iwere 

iincubated iwith ia itotal iof i15ml iof isecondary iantibody ifor i1 ihour iat iroom itemperature iwith ishaking. iUpon 

icompletion, ithe imembranes iwere iwashed i3 itimes ifor i5 iminutes iwith iTBS-Tween. iClarity iWestern iECL 

isolution iwas imade i(3ml iof ieach idetection isolution iper imembrane-kit) iand ipipetted ito icover ithe isurface iof 

ithe imembranes. iThe imembranes icovered iin idetection ireagent imix iwere iincubated ifor i5 iminutes iin ithe 

idarkness iand ithen iplaced iinside ia istrip iof itransparent iplastic isheets iand ismoothed iout iwith iblot iroller ito 

iremove ithe iair ibubbles iand iexcess iECL. iThe iBioRad iChemiDoc iTouch iImaging iSystem iwas iused ito 

ivisualize ithe imembranes. iColometric iimages iwere itaken ifor ieach iblot ito iimage ithe iladder, ifollowing iby 

ichemiluminescence iimages ito iimage iproteins ifor ieach iantibody iof iinterest. i 

 I 
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Table i2.8 iThe ilist iof iantibodies iused ifor iWestern iblotting. 

Primary iAntibody Source 

Supplier i& 

iCatalogue iNo. i 

Primary 

iAntibody 

iDilution 

Secondary 

iAntibody 

iDilution 

Molecular 

iWeight 

i(kDa) 

NF-kB Rabbit i Life 

iTechnologies, 

PA1186 

1:1000 iwith 

iTBS-Tween 

1:10000 iwith 

iTBS-Tween 

~65 

pNF-kB Rabbit i Life 

iTechnologies, 

MA515160 

1:1000 iwith 

iTBS-Tween 

1:10000 iwith 

iTBS-Tween 

~65 

TLR4 Rabbit Life 

iTechnologies, 

i482300 

1:100 iwith 

iTBS-Tween 

1:10000 iwith 

iTBS-Tween 

~95 

REV-ERBα Rabbit Abcam iinc, 

ab174309 

1:1000 iwith 

iTBS-Tween 

1:10000 iwith 

iTBS-Tween 

~67 

B-actin Mouse Santa iCruz 

iBiotechnology, 

isc-69879 

1:10000 iwith 

iTBS-Tween 

1:10000 iwith 

iTBS-Tween 

~42 

GAPDH Rabbit Sigma 

G9545-100UL 

1:10000 iwith 

iTBS-Tween 

1:10000 iwith 

iTBS-Tween 

~40 

 

 

2.6.5 iData iAnalysis i 

Digital iimages ifor ieach ireplicate iwere ideveloped ifrom ithe iBioRad iChemiDocTM
 iImaging iSystem iusing 

icolometric iand ichemiluminescence idetection imethods. iThe iimages iof ithe iblots iwere iexported ito ithe iBio-

Rad iImage iLab iSoftware ifor ifurther iquantification iof isignal iintensity iand iband idensitometry. iBackground 

ivolume iwas isubtracted ifrom ithe icalculations. iThe iresulting iadjusted idensity iof ithe iband iof ieach itarget 

iprotein iwere idivided iby ithe iadjusted idensity iof ithe irespective iβ-actin iband idensity. iAn iextra ihousekeeper 

iGAPDH iwas iused ito iassure ithat ithere iis ino ieffect iof iβ-actin ion itarget iproteins. i iAll ithe idata ipoints ifor ieach 
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itime ipoint iwere ithen ioptimized iand icalculated ias ia ifold ichange irelative ito ithe i0h iuntreated. iResults iare 

ishown ias imean i± iSEM. iEffects iof itime iand itreatment ifor ieach itarget iprotein iwere itransformed iinto iLog2(Y) 

iform ito ipass iSpearman’s itest iand iNormality iof iresiduals itest iand isubsequently ianalysed iusing itwo-way 

iANOVA iwith iTukey iand iSidak itesting. iA ip ivalue iof i< i0.05 iwas iconsidered istatistically isignificant. i i 
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3.0 Results 

 

3.1 iTHP-1 imonocyte idifferentiation iinto imacrophages-like icell 

3.1.1 iValidation iat imRNA ilevel i 

To iconfirm iPMA itreatment iled ito iinduction iof ia imore imacrophage-like iphenotype iin iTHP-1 icells, 

iexpression iof imacrophage idifferentiation imarkers i(TLR4, iCD36, iCD14) iwas imeasured iat ithe imRNA ilevel 

iby ireal-time iPCR. i i 

The iexpression iof iTLR4 iwas inot isignificantly idifferent iin iPMA- idifferentiated imacrophages-like icells 

icompared ito imonocytes i(p>0.05). iHowever, ithere iwas ia isignificantly i(p<0.01) ihigher iexpression iof iCD14 

ilevels iin idifferentiated imacrophages-like icells iin icomparison ito iTHP-1 imonocytes. iSimilarly, iCD36 

iexpression iwas ialso isignificantly ihigher i(p<0.05) iin iPMA-differentiated imacrophages-like icells icompared 

ito iPMA iuntreated imonocytes. 
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Figure i3.1 iExpression iof iTLR4, iCD14 iand iCD36 iin iTHP-1 imonocyte iand imacrophages-like icells. 

iData ishown ias ithe imean i± iSEM iof ia isingle iexperiment. iAll idata iwere inormalized ito i18S iand iexpressed 

irelative ito iuntreated icells. i* ip i<0.05, i 
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3.2 iThe ieffect iof iexposure iof iMSU icrystals ion ithe iexpression iof icore icircadian 

ioscillator icomponents iin iTHP-1 imonocytes iand imacrophages-like icells 

Hyperuricemia iand iaccumulation iof iMSU icrystals iin ithe ijoint iis ihallmark iof igout. iGout iflares icharacterized 

iby iactivation iof ithe iNLRP3 iinflammasome iby iMSU icrystals iand iare iknown ito ibe iinitiated iduring ithe inight. 

iAlthough, iit iis inow iknown ithat iNLRP3 iinflammasome iactivity iand itrafficking iof iimmune icells icontrolled 

iby icircadian ioscillator, ithere iis ino iinformation ion ihow iexactly iMSU imediated iinflammation ilinked ito ithe 

icircadian iclock imachinery.  iTherefore, ito idetermine ithe ieffect iof iexposure iof iMSU icrystals ion ithe 

iexpression iof icore icircadian igenes iin iTHP-1 imonocytes iand imacrophages-like icells, ireal-time iPCR iwas 

iperformed, iand imRNA iexpression iof ieach igene iwas ianalysed. i 

 

3.2.1 iMSU icrystals ialtered ithe iexpression iof icore icircadian igenes iin iTHP-1 imonocytes 

The itotal iexpression iof ieach icore icircadian igene iappears ito ivary iover ithe i24-hour itime icourse iin ithe 

isynchronised ipopulation iof iTHP-1 imonocytes iin ithe iabsence/presence iof iMSU icrystals. iThe iwas ia 

isignificant ieffect iof itime ion ithe iexpression iof iBMAL1, iREV-ERBα, iCRY1 iand iPER1 ibut inot iPER2 ior iCRY2. 

iData ifor iPER3 iand iCLOCK iwere inon-parametric iand ihence ithe ieffects iof itime ion iexpression iof ithese igenes 

icould inot ibe idetermined. iMSU icrystal itreatment ihad ino isignificant ieffect ion iexpression iof iany iof ithe iclock 

igenes imeasured i(main ieffect itreatment ip>0.05 ifor iall), ihowever ia isignificant iinteraction ibetween itime iand 

itreatment iwas iobserved ifor iREV-ERBα, ihowever, inot iin iother iclock igenes iindicating iMSU icrystals 

itreatment iresulted iin ia itime-dependent ireduction iin iREV-ERBα iexpression.
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Figure i3.2 iLog2 ifold ichanges iin iBMAL1 iand iREV-ERBa iexpression iin iTHP-1 imonocyte icells iacross 

i24-hour itime icourse. iBMAL1 iand iREV-ERBa imRNA ilevels iat ieach itime ipoint iare iexpressed irelative ito 
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ithe i0h itime ipoint iin iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. iData ishown iis ithe 

imean i± iSEM i(n=6). 
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Figure i3.3 iLog2 ifold ichanges iin iCRY1 iand iCRY2 iexpression iin iTHP-1 imonocyte icells iacross i24-hour 

itime icourse. iCRY1 iand iCRY2 imRNA ilevels iat ieach itime ipoint iare iexpressed irelative ito ithe i0h itime ipoint iin 

iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. iData ishown iis ithe imean i± iSEM i(n=6). 

 

PER3 iand iCLOCK iexpression iwas ianalysed iusing ithe inon-parametric iFriedman’s iTest ias idata idid inot ipass 

ithe iNormality itests iand iSpearman’s iHomoscedasticity itest. iThis itest iassesses ithe ioverall ieffect iof iMSU 

itreatment ionly iand inot ithe ieffects iof itime ior itime-treatment iinteractions. iMSU icrystal itreatment ihad ino 

isignificant ieffect ion iexpression iof ieither igene. 
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Figure i3.4 iLog2 ifold ichanges iin iPER1, iPER2 iand iPER3 iexpression iin iTHP-1 imonocyte icells iacross 

i24-hour itime icourse. iPER1, iPER2 iand iPER3 imRNA ilevels iat ieach itime ipoint iare iexpressed irelative ito ithe 

i0h itime ipoint iin iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. iData ishown iis ithe 

imean i± iSEM i(n=6). 
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Figure i3.5 iLog2 ifold ichanges iin iCLOCK iexpression iin iTHP-1 imonocyte icells iacross i24-hour itime 

icourse. iCLOCK imRNA ilevels iat ieach itime ipoint iare iexpressed irelative ito ithe i0h itime ipoint iin iuntreated 

icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. iData ishown iis ithe imean i± iSEM i(n=6). 

 

3.2.2 iMSU icrystals ichanges ithe iexpression iof icore icircadian igenes iin iTHP-1 

imacrophages-like icells 

The ioverall iexpression iof ieach icore icircadian igene ivaried iover ithe i24-hour itime icourse iin ithe isynchronised 

ipopulation iof iTHP-1 imacrophages-like icells iin ithe iabsence/presence iof iMSU icrystals. iOur iresults ishowed ia 

isignificant ieffect iof itime ion ithe iexpression iof iBMAL1, iREV-ERBα, iCRY1 iand iPER1 ibut inot iCRY2 ior iPER2 

iin imacrophages-like icells. iData ifor iPER3 iand iCLOCK imRNA iexpression iwere inon-parametric iand ihence 
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ithe ieffects iof itime ion iexpression iof ithese igenes icould inot ibe idetermined. iThe iMSU itreatment ishowed ia 

isignificant imain ieffect ion iexpression iof iCRY1 igene iand ia isignificant iinteraction ibetween itime iand itreatment 

iwas iobserved ifor iREV-ERBα iand iCRY1, iindicating ithat iMSU icrystal itreatment iresulted iin ia itime-dependent 

iincrease iin iCRY1 iexpression iand ireduction iin iREV-ERBα ifluctuation iduring i24h iperiod. i 
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Figure i3.6 iLog2 ifold ichanges iin iBMAL1 iand iREV-ERBα iexpression iin iTHP-1 imacrophages-like icells 

iacross i24-hour itime icourse. iBMAL1 iand iREV-ERBα imRNA ilevels iat ieach itime ipoint iare iexpressed 

irelative ito ithe i0h itime ipoint iin iuntreated icells.  iFold ichange iis iexpressed iin iLog2 itransformed iform. iData 

ishown iis ithe imean i± iSEM i(n=6). 
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Figure i3.7 iLog2 ifold ichanges iin iCRY1 iand iCRY2 iexpression iin iTHP-1 imacrophages-like icells iacross 

i24-hour itime icourse. iCRY1 iand iCRY2 imRNA ilevels iat ieach itime ipoint iare iexpressed irelative ito ithe i0h 

itime ipoint iin iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. iData ishown iis ithe imean 

i± iSEM i(n=6). 

 

Again, ithe iexpression iof iPER3 iand iCLOCK igenes iwas ianalysed iusing ithe inon-parametric iFriedman’s iTest 

ias idata idid inot ipass ithe iNormality itests iand iSpearman’s iHomoscedasticity itest. iThe itreatment iwith iMSU 

icrystals idid inot ishow ia isignificant ieffect ion iexpression iof ieither igene. i i 
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Figure i3.8 iLog2 ifold ichanges iin iPER1, iPER2 iand iPER3 iexpression iin iTHP-1 imacrophages-like icells 

iacross i24-hour itime icourse. iPER1, iPER2 iand iPER3 imRNA ilevels iat ieach itime ipoint iare iexpressed 

irelative ito ithe i0h itime ipoint iin iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. iData 

ishown iis ithe imean i± iSEM i(n=6). 
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Figure i3.9 iLog2 ifold ichanges iin iCLOCK iexpression iin iTHP-1 imacrophages-like icells iacross i24-hour 

itime icourse. iCLOCK imRNA ilevels iat ieach itime ipoint iare iexpressed irelative ito ithe i0h itime ipoint iin 

iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. i iData ishown iis ithe imean i± iSEM i(n=6). 

 

3.2.3 iDifferences iin iexpression iof icore iclock igenes ibetween iTHP-1 imonocytes iand 

imacrophage-like icells iduring i24h iperiod 

 

The iexpression iof iindividual icircadian igene ivaried iover i24-hour itime iperiod iin iboth iTHP-1 imonocyte iand 

imacrophage-like icells. iThe ieffect iof itime ion ithe iexpression iof iREV-ERBα, iCRY1 iand iPER1 iwas isignificant 

ibut inot ifor ithe iexpression iof iBMAL1, iCRY2 ior iPER2. iThe ianalysis iof idata ifor iPER3 iand iCLOCK imRNA 

iexpression iwere inon-parametric iand itherefore ithe ieffects iof itime ion iexpression iof ithese igenes icould inot ibe 

idetermined. iThere iwas ia isignificant ieffect iof iPMA itreatment ion iexpression iof iBMAL1, iREV-ERBα, iand 

iPER3 igenes. iIn iparticular, iREV-ERBα iand iPER3 iwere imainly iupregulated iin imonocytes iand idownregulated 

iin imacrophage-like icells iduring i24h iperiod. iHowever, iBMAL1 iexpression iwas imainly iupregulated iin 

imacrophage-like icells iand idownregulated iin imonocytes. iA isignificant iinteraction ibetween itime iand 

itreatment iwas ialso iobserved ifor iREV-ERBα iand iPER1. 
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Figure i3.10 iLog2 ifold ichanges iin iBMAL1 iand iREV-ERBa iexpression iin iTHP-1 

imonocyte/macrophages-like icells iacross i24-hour itime icourse. iBMAL1 iand iREV-ERBa imRNA ilevels iat 

ieach itime ipoint iare iexpressed irelative ito ithe i0h itime ipoint iin iuntreated icells. iFold ichange iis iexpressed iin 

iLog2 itransformed iform. iData ishown iis ithe imean i± iSEM i(n=6). 
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Figure i3.11 iLog2 ifold ichanges iin iCRY1 iand iCRY2 iexpression iin iTHP-1 imonocyte/macrophages-like 

icells iacross i24-hour itime icourse. iCRY1 iand iCRY2 imRNA ilevels iat ieach itime ipoint iare iexpressed irelative 

ito ithe i0h itime ipoint iin iuntreated icells.  iFold ichange iis iexpressed iin iLog2 itransformed iform. iData ishown iis 

ithe imean i± iSEM i(n=6). 

 

The inon-parametric iFriedman’s iTest iwas iused ito ianalyse iexpression iof iPER3 iand iCLOCK igenes ias ithe idata 

idid inot ipass ithe iNormality itests iand iSpearman’s iHomoscedasticity itest. iA isignificant ieffect ion iexpression 

iof iPER3 iwas idetected ibetween iPMA itreated iand iuntreated icells, iin iparticular ithere iwas imainly 

idownregulation iof iPER3 iin iPMA-treated icells iduring i24h itime icourse. i 
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Figure i3.12 iLog2 ifold ichanges iin iPER1, iPER2 iand iPER3 iexpression iin iTHP-1 

imonocyte/macrophages-like icells iacross i24-hour itime icourse. iPER1, iPER2 iand iPER3 imRNA ilevels iat 

ieach itime ipoint iare iexpressed irelative ito ithe i0h itime ipoint iin iuntreated icells. iFold ichange iis iexpressed iin 

iLog2 itransformed iform. iData ishown iis ithe imean i± iSEM i(n=6). 

 

4 8 12 16 20 24

-2

-1

0

1

2

3

 CLOCK

Time (h)

lo
g

2
 F

o
ld

 C
h

a
n

g
e
 r

e
la

ti
v
e
 t

o
 0

h
 t

im
e
 p

o
in

t

Untreated

PMA

Friedman test

Treatment P= 0.4419

 

 

Figure i3.13 iLog2 ifold ichanges iin iCLOCK iexpression iin iTHP-1 imonocyte/macrophages-like icells 

iacross i24-hour itime icourse. iCLOCK imRNA ilevels iat ieach itime ipoint iare iexpressed irelative ito ithe i0h itime 

ipoint iin iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. iData ishown iis ithe imean i± 

iSEM i(n=6). 
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Summary iof iFindings: 

Table i3.1 iThe ieffect iof iMSU icrystals ion ithe iexpression iof icore icircadian ioscillator icomponents 

THP-1 imonocytes i 

Circadian igene Effect iof iTime Effect iof iMSU 

iTreatment i 

Interaction 

BMAL1 p i< i0.05 ns ns 

REV-ERBα p i< i0.01 ns p i< i0.05 

CRY1 p i< i0.05 ns ns 

CRY2 ns ns ns 

PER1 p i< i0.01 ns ns 

PER2 ns ns ns 

 

THP-1 imacrophages-like icells i 

Circadian igene Effect iof iTime Effect iof iMSU 

iTreatment i 

Interaction 

BMAL1 p i< i0.01 ns ns 

REV-ERBa p i< i0.05 ns p i< i0.01 

CRY1 p i< i0.05 p i< i0.01 p i< i0.01 

CRY2 ns ns ns 

PER1 p i< i0.05 ns ns 

PER2 ns ns ns 

 

 

3.3 iThe ieffect iof iMSU icrystals ion iNLRP3 iinflammasome iactivity iin iTHP-1 

imonocyte/macrophages-like icells 

The iprevious istudies ion iinflammatory idiseases ishowed ithat iNLRP3 iinflammasome icomplex iactivation iand 

isubsequent irelease iof ipro-inflammatory icytokines iis imediated ivia ibinding iand irecognition iof iDAMPs isuch 

ias iMSU icrystals. iMSU icrystals ibelieved ito istimulate ithe iassembly iand iactivation iof ithe iNLRP3 
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iinflammasome. iTherefore, iCaspase-Glo i1 iInflammasome iAssay iwas iperformed ito iinvestigate ithe ieffect iof 

iMSU icrystals ion iNLRP3 iactivity iin iTHP-1 imonocytes iand imacrophages-like icells. i i 

 

The iNLRP3 iinflammasome iactivity iis irepresented ias ia ifold ichange iin icaspase-1 iactivity. iBoth iTHP-1 

imonocytes iand imacrophages-like icells itreated iwith iMSU icrystals idemonstrated ia isignificant iincrease iin 

iNLRP3 iinflammasome iactivity irespectively icompared ito inon-MSU itreated icells i(1.4-fold i(p<0.001) iand 

i1.8-fold i(p<0.0001) irespectively). i 
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Figure i3.14 iFold ichanges iin iNLRP3 iinflammasome iactivity iin iTHP-1 imonocytes/macrophages-like 

icells iin ithe iabsence/presence iof iMSU icrystals. iNLRP3 iinflammasome iactivity iis iequivalent ito icaspase-1 

iactivity iand iexpressed irelative ito iuntreated icells. iThe ibars iindicate ithe imean ifold ichange i± iSEM iof ia isingle 

iexperiment i(n=3). i(*** ip i< i0.001), i(**** ip i< i0.0001) 

 

3.4 iThe ieffect iof iREV-ERBα ion iNLRP3 iinflammasome iactivity 

As iREV-ERBα ihas ipreviously ibeen ishown ito iregulate ithe iNLRP3 iinflammasome, iSR-8278 i(REV-ERBα 

iantagonist) iwas iused ito idetermine iwhether iREV-ERBα iactivity iregulates ithe iNLRP3 iinflammasome iin 

iTHP-1 imonocyte/macrophage-like icells. iHeme itreatment iwas iused ias iit iis ian iendogenous iagonist iof iREV-

ERBα. iThe ieffect iof idrugs iwas imeasured iat itwo iseparate itime ipoints i0-12h iand i12-24h ito icapture itwo 

idifferent ipoints iin ithe icircadian icycle. iThe iTHP-1 imonocytes iand imacrophage-like icells iwere ipre-treated 

iwith idrugs i(SR-8278 iand iHeme) iat i0h ifor i0-12h itimepoint iand iat i12h ifor i12-24h itimepoint ias idescribed iin 

i(Section i2.5.5). iThe icells iwere iexposed ito iMSU icrystals ionly i4h iprior ito iCaspase-1 iInflammasome iassay 

itherefore ithe ieffect iof iMSU icrystals ithat ioccurred iwas imeasured iat i8-12h iand i20-24h ifor i0-12h iand i12-24h 
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itimepoints irespectively. iThe ieffect iof idrugs ihas ibeen inormalized ito ithe icell inumber. iThe idrugs iused ifor ithis 

iexperiment idid inot icause ia ichange iin inumber iof icells. i 

MSU iuntreated imonocytes: 

In ithe iabsence iof iMSU icrystals, iSR-8278 ialone idid inot ishow ia isignificant ieffect i(p>0.05) ion iNLRP3 iactivity 

iin imonocytes iat ieither itimepoint. iSimilarly, iin ithe iabsence iof iMSU icrystals iheme ialone idid inot ishow ia 

isignificant ieffect i(p>0.05) ion iactivity iof iNLRP3 iat ieither itimepoint. i 

NLRP3 iactivity iwas ialso iunchanged iafter ico-treatment iwith iheme+SR-8278 icompared ito imonocytes itreated 

iwith iheme ialone. iFurthermore, ithere iwas ino isignificant ieffect ion iNLRP3 iactivity iin imonocytes ico-treated 

iwith iheme+SR-8278 iin ithe iabsence iof iMSU icrystals icompared ito imonocytes itreated iwith ionly iSR-8278 iat 

ieither itimepoint. i 

MSU itreated imonocytes: 

In icontrast, iin ithe ipresence iof iMSU icrystals, iNLRP3 iactivity iwas isignificantly ilower i(p<0.01) iin iheme 

itreated icells iat iboth itimepoints. iMoreover, iin ithe ipresence iof iMSU icrystals, iSR-8278 isignificantly ireduced 

ithe iactivity iof iNLRP3 iinflammasome i(p<0.0001) iat i0-12h itimepoint ibut ihad ino ieffect iat ithe i12-24h 

itimepoint. i 

There iwas ino isignificant idifference iin iNLRP3 iactivity ibetween imonocytes itreated iwith iheme ialone iand  

ithose ico-treated iwith iheme+SR-8278 iat ithe i0-12h itimepoint iindicating ithat ithe ieffects iof iheme iwere inot 

idependent ion iREV-ERBα iactivity. iAt ithe i12-24h itimepoint, iNLRP3 iactivity iwas isignificantly ilower 

i(p<0.01) iin imonocytes ico-treated iwith iheme+SR-8278 icompared ito iin imonocytes itreated iwith iheme ialone 

iindicating ithat ithe iREV-ERBα iantagonist ipotentiated irather ithan iinhibited ithe irepressive ieffects iof iheme ion 

iNLRP3 iactivation. iThe icombined itreatment iof imonocytes iwith iheme+SR-8278 iin ithe ipresence iof iMSU 

icrystals ishowed ia isignificant ireduction i(p<0.0001) iin iNLRP3 iactivity icompared ito imonocytes itreated iwith 

ionly iSR-8278 iat i12-24h itimepoint ibut ihad ino ieffect iat i0-12h. i i 
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Figure i3.15 iFold ichanges iin iNLRP3 iinflammasome iactivity iin iTHP-1 imonocyte icells itreated i+/- iSR-

8278 iantagonist iand i+/- iHeme iin ithe iabsence/presence iof iMSU icrystals. i iNLRP3 iinflammasome 

iactivity iexpressed iis iequivalent ito icaspase-1 iactivity.  iThe ibars iindicate ithe imean ifold ichange i± iSEM iof ia 

isingle iexperiment i(n=3). iAll idata iwere ioptimized ito icell inumber. i(* ip i< i0.05), i(** ip i< i0.01), i(*** ip i< 

i0.001), i(**** ip i< i0.0001) 

 

MSU iuntreated imacrophage-like icells: 

 

In ithe iabsence iof iMSU icrystals, iSR-8278 ialone idid inot ishow ia isignificant ieffect i(p>0.05) ion iNLRP3 iactivity 

iin imacrophage-like icells iat ieither itimepoint. iConversely, iheme ialone idemonstrated ia isignificant iinduction 

i(p<0.05) iand i(p<0.01) ion iexpression iof iNLRP3 iactivity iat i0-12h iand i12-24h itimepoint irespectively. i 

 

NLRP3 iactivity iwas iunchanged iafter ico-treatment iwith iheme+SR-8278 icompared ito imacrophage-like icells 

itreated iwith iheme ialone, isuggesting ithe ieffects iof iheme iwere inot imediated iby iREV-ERBα. iThere iwas ia 

isignificant iincrease i(p<0.05) iand i(p<0.0001) iin iNLRP3 iactivation iin imacrophage-like icells ico-treated iwith 

iheme+SR-8278 icompared ito imacrophage-like icells itreated iwith ionly iSR-8278 iat i0-12h iand i12-24h 

itimepoints irespectively. i 

 

MSU itreated imacrophage-like icells: 

 

By icontrast, iin ithe ipresence iof iMSU icrystals, iNLRP3 iactivity iwas isignificantly ireduced i(p<0.01) iin iheme 

itreated icells iat iboth itimepoints. iThe itreatment iwith iSR-8278 isignificantly idecreased i(p<0.01) iactivation iof 

iNLRP3 iinflammasome iat i0-12h itimepoint ibut isignificantly iincreased iits iactivity i(p<0.001) iat i12-24h 

itimepoint. i 
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The isignificant iinduction i(p<0.0001) iand i(p<0.01) iin iNLRP3 iactivity iwas iobserved iin imacrophage-like 

icells ico-treated iwith iheme+SR-8278 icompared ito icells itreated iwith iheme ialone iat i0-12h iand i12-24h 

itimepoints irespectively. iThese iresults iindicating ithat ithe ieffect iof iheme iwas idependent ion iREV-ERBα 

iactivity. iHowever, ithere iwas ia isignificant ireduction i(p<0.001) iin iNLRP3 iactivity iin imacrophage-like icells 

ico-treated iwith iheme+SR-8278 icompared ito icells itreated iwith iSR-8278 ialone iat i12-24h itimepoint ibut ia 

isignificant iincrease iin iits iactivity i(p<0.0001) iat i0-12h itimepoint. 
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Figure i3.16 iFold ichanges iin iNLRP3 iinflammasome iactivity iin iTHP-1 imonocyte icells itreated i+/- iSR-

8278 iand i+/- iHeme iin ithe iabsence/presence iof iMSU icrystals. i iNLRP3 iinflammasome iactivity iexpressed 

iis iequivalent ito icaspase-1 iactivity. iThe ibars iindicate ithe imean ifold ichange i± iSEM iof ia isingle iexperiment 

i(n=3). iAll idata iwere ioptimized ito icell inumber. i(* ip i< i0.05), i(** ip i< i0.01), i(*** ip i< i0.001), i(**** ip i< 

i0.0001) 

 

3.5 iValidation iof iGene iTransfection 

 I3.5.1 iValidation iof iBMAL1 iknockdown iat imRNA ilevel i 

Adenoviral-mediated itransduction iof ishBMAL1 iwas iconfirmed iat ithe iRNA ilevel iusing ireal-time iPCR i48h 

iand i72h ipost-transfection. iThe icells itransfected iwith ishGFP iwere iused ias ia icontrol ifor iBMAL1-knockdown 

icells i(shBMAL1). iBMAL1 iexpression iwas isignificant ilower i(p<0.05) iin iobserved imonocytes itreated iwith 

ishBMAL1 ithan ishGFP icontrols iconfirming ithe isuccess iof iknockdown. iThe iexpression iof iBMAL1 iwas 

iapproximately i35% ilower irelative ito ithe ishGFP icontrol iat iboth itimepoints. iApproximately i60% iof iall icells 

itook iup ithe ivirus. 
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Figure i3.17 iExpression iof iBMAL1 iin iTHP-1 imonocyte icells irelative ito ishGFP i(control) ifollowing 

itransient iknockdown iof iBMAL1 iwith iadenovirus. iData ishown ias ithe imean i± iSEM iof ia isingle 

iexperiment i(n=3). iAll idata iwere inormalized ito ithe ihousekeeper igene i18S. i(* ip i< i0.05). i 

 

3.5.2 iValidation iof iBMAL1 ioverexpression iat imRNA ilevel i 

Ectopic-overexpression iof iBMAL1 iwas iconfirmed iby ithe istatistically isignificant iincrease iin iBMAL1 imRNA 

ilevels iin iTHP-1 imonocytes i(p<0.05) itransfected iwith ithe iBMAL1 iadenovirus iand icompared ito iGFP-

transfected icontrols. iThe iexpression iof iBMAL1 iwas iapproximately i41% ihigher irelative ito ithe iGFP icontrol. i 

iApproximately i60% iof iall icells itook iup ithe ivirus. i 
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Figure i3.18 iExpression iof iBMAL1 iin iTHP-1 imonocyte icells irelative ito iGFP i(control) ifollowing 

itransient iectopic ioverexpression iof iBMAL1 iwith iadenovirus. iData ishown ias ithe imean i± iSEM iof ia 

isingle iexperiment i(n=3). iAll idata iwere inormalized ito ithe ihousekeeper igene i18S. i(* ip i< i0.05). i 

 

 

3.6 iThe ieffect iof iBMAL1 iof iNLRP3 iInflammasome iactivity 

BMAL1 iis iknown ito iact ias itranscription ifactor ithat istimulates ithe iexpression iand isuppression iof ia ivariety iof 

iimmune igenes iincluding icomponents iof ithe iNLRP3 iinflammasome. iRecent istudies ishowed ithat ialteration 

iin iBMAL1 igene iexpression ileads ito ialtered iNF-kB isignalling iand isubsequently iNLRP3 iinflammasome,  

ihowever iit iis istill inot iwell iunderstood. iTherefore, ito iuncover iwhether ialteration iof iBMAL1 iexpression iin 

iTHP-1 imonocyte/macrophages-like icells iwill iresult iin ideregulation iof ithe iNLRP3 iinflammatory icascade, 

iCaspase-Glo i1 iInflammasome iAssay iwas iperformed. i 

3.6.1 iNLRP3 iinflammasome iactivity iin iBMAL1-overexpressed iTHP-1 

imonocytes/macrophages-like icells 

Similar ito ias iwas iobserved iin inon-adenoviral itransduced icells i(Figure i4.2), iMSU icrystals iresulted iin ia 

isignificant iincrease iin iNLRP3 iactivity i(p<0.0001) iin iGFP icontrols iin iboth imonocytes iand imacrophage-like 

icells. iBMAL1-overexpression iin inon-MSU itreated imonocytes iand imacrophage-like icells iresulted iin ia 

isignificant iincrease iin iNLRP3 iactivity irelative ito iGFP icontrol i(1.5-fold iand i1.6-fold irespectively). 

iHowever, iNLRP3 iinflammasome iactivity iwas isignificantly ilower iin iBMAL1-overexpressing iTHP-1 

imonocytes iand imacrophage-like icells itreated iwith iMSU icrystals icompared ito iMSU icrystal itreated iGFP 

icontrols. i 
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Figure i3.19 iActivity iof iNLRP3 iinflammasome iin iBMAL1- ioverexpressed iTHP-1 imonocytes iand 

imacrophages-like icells iin ithe iabsence/presence iof iMSU icrystals. iThe iBMAL1 iexpression iis irelative ito 

iGFP i(control). i iData ishown ias ithe imean i± iSEM iof ia isingle iexperiment i(n=3). i(** ip i< i0.01), i(*** ip i< 

i0.001), i(**** ip i< i0.0001) 

 

3.6.2 iNLRP3 iinflammasome iactivity iin iBMAL1-knockdown iTHP-1 

imonocytes/macrophages-like icells 

Again, iNLRP3 iactivity iwas isignificantly ihigher iin iMSU icrystal itreated ishGFP icontrol icells icompared ito 

iuntreated ishGFP icells iin iboth iTHP-1 imonocytes iand imacrophage-like icells. iIn ithe iabsence iof iMSU icrystal 

itreatment, iBMAL1-knockdown iin iboth icell itypes iwas iassociated iwith ia isignificant ireduction iin iNLRP3 

iactivity icompared ito inon-MSU icrystal itreated ishGFP icontrols. iHowever, ithe iopposite iwas iobserved iin 

iMSU-treated iTHP-1 imonocytes iand imacrophage-like icells iwith iNLRP3 iactivity isignificantly ihigher iin 

iMSU-treated ishBMAL1 icells icompared ito iMSU-treated ishGFP icells. i 
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Figure i3.20 iActivity iof iNLRP3 iinflammasome iin iBMAL1-knockdown iTHP-1 imonocytes iand 

imacrophages-like icells iin ithe iabsence/presence iof iMSU icrystals. iThe ishBMAL1 iexpression iis 

irelative ito ishGFP i(control). i iData ishown ias ithe imean i± iSEM iof ia isingle iexperiment i(n=3). i(* ip i< i0.05), 

i(** ip i< i0.01), 

 

 

3.7 iThe ieffect iof iPrednisolone ion iregulation iof iNLRP3 iinflammasome 

iactivity iin iTHP-1 imonocytes/macrophages-like icells 

Prednisolone i(PDN) iis ithe iactive imetabolite iof ia isynthetic iglucocorticoid iwhich iis iused iin ia ivariety iof 

iinflammatory idisorders iincluding igout. iThe ieffect iof iPrednisolone iwas imeasured iat itwo iseparate itime 

ipoints i0-12h iand i12-24h. iThe iTHP-1 imonocytes iand imacrophages-like icells iwere ipre-treated iwith 

iPrednisolone iat i0h ifor i0-12h itimepoint iand iat i12h ifor i12-24h itimepoint ias idescribed iin i(Section i2.5.5). iThe 

icells iwere iexposed ito iMSU icrystals ionly i4h iprior ito iCaspase-1 iInflammasome iassay itherefore ithe ieffect iof 

iMSU icrystals ithat ioccurred iwas imeasured iat i8-12h iand i20-24h ifor i0-12h iand i12-24h itimepoints 

irespectively. i 

 

First, ithe ieffect iof iMSU icrystals iwas iclearly iobserved iin imonocytes iat iboth itimepoints ias ithe iNLRP3 

iactivity isignificantly iincreased iby i1.4-fold iand i1.3-fold iat i0-12h iand i12-24h irespectively.  iDuring i0-12h 
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itimepoint iPrednisolone ishowed ia isignificant idecrease i(p<0.0001) iby i1.8-fold iin iNLRP3 iactivity iin 

imonocytes itreated iwith iMSU icrystals icompared ito ivehicle icontrol itreated iwith iMSU icrystals. iFurthermore, 

ithere iwas ia isignificant ireduction i(p<0.001) iby i1.2-fold iin iNLRP3 iactivity iin imonocytes itreated iwith 

iPrednisolone iin ithe iabsence iof iMSU icrystals icompared ito ivehicle icontrol. iConversely, iat i12-24h itimepoint 

iNLRP3 iactivity iwas isignificantly iincreased iby i2.3-fold i(p<0.0001) iin imonocytes itreated iwith iPDN iand 

iMSU icrystals icompared ito icontrols iexposed ito iMSU icrystals. iMoreover, iPrednisolone ialone i(no iMSU) 

isignificantly iincreased i(p<0.001) iby i1.4-fold iNLRP3 iactivity icompared ito ivehicle icontrol. i 
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Figure i3.21 iFold ichanges iin iNLRP3 iinflammasome iactivity iin iTHP-1 imonocytes iin ithe 

iabsence/presence iof iMSU icrystals iand iwith/without iPrednisolone. iNLRP3 iinflammasome iactivity 

iexpressed iis iequivalent ito icaspase-1 iactivity. iThe ibars iindicate ithe imean ifold ichange i± iSEM iof ia ithree 

iseparate iexperiments i(n=3). iAll idata iwere ioptimized ito icell inumber. i i(** ip i< i0.01), i(**** ip i< i0.0001) 

 

In imacrophages-like icells iPrednisolone itreatment idemonstrated isimilar ieffect ion iNLRP3 iinflammasome 

iactivity ias iin imonocytes. iAgain, ithe ieffect iof iMSU icrystals ion iNLRP3 iactivity iwas ifirst ivalidated iby 

isignificant iincrease i(p<0.01) iin iNLRP3 iactivity iin imacrophages-like icells iexposed ito iMSU icrystals 

icompared ito iMSU-untreated ivehicle icontrol. iDuring iboth i0-12h iand i12-24h itimepoints ithe icells ipre-treated 

iwith iPrednisolone iand iexposed ito iMSU icrystals ishowed ia isignificant ireduction iby i1.4-fold iand i2-fold 

irespectively iin iNLRP3 iactivity icompared ito iMSU itreated icells iwithout iPDN ipre-treatment. iThe 
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imacrophages-like icells inot iexposed ito iMSU icrystals idemonstrated isignificant idecrease iby i1.4-fold iin 

iNLRP3 iactivity icompared ito ivehicle icontrol iduring i0-12h itimepoint. iHowever, ithere iwas ia isignificant 

iincrease iby i1.4-fold iin iNLRP3 iinflammasome idetected iat i12-24h itimepoint iin icells itreated iwith 

iPrednisolone iwithout iMSU iexposure icompared ito ivehicle icontrol. i 
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Figure i3.22 iFold ichanges iin iNLRP3 iinflammasome iactivity iin iTHP-1 imonocytes iin ithe 

iabsence/presence iof iMSU icrystals iand iwith/without iPrednisolone. iNLRP3 iinflammasome iactivity 

iexpressed iis iequivalent ito icaspase-1 iactivity. iThe ibars iindicate ithe imean ifold ichange i± iSEM iof ia ithree 

iseparate iexperiments i(n=3). iAll idata iwere ioptimized ito icell inumber. i i(** ip i< i0.01), i(**** ip i< i0.0001) 

 

3.8 iRelative iprotein ilevel iexpression iof iREV-ERBα icompared ito iTLR4 iin 

iTHP-1 imonocyte/macrophage-like icells iin ithe iabsence/presence iof iMSU 

icrystals 

Previous istudies ihave ishown ithat iREV-ERBα ihas ia irole iin iinhibition iof ipro-inflammatory isignals iin 

imacrophages iby irepressing ithe iTLR4 igene i(Fontaine iet ial., i2008). iTherefore, ito idetermine iwhether ior inot 

ithere iis ia idifference ibetween iREV-ERBα iand iTLR4 iprotein ilevels iin iTHP-1 icells i+- iMSU icrystals, iwestern 

iblot iwas iperformed. i 
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3.8.1 iOptimization iof iloading icontrol i(B-actin ivs iGAPDH) 

B-actin iwas iused ias ian ioriginal iloading icontrol, ihowever iwe iobserved ia iclear itrend iof iB-actin ilevels ibeing 

iconsistently ihigher iin iPMA itreated icells. iTherefore, ito imake isure ithat iB-actin ilevels iare inot iaffected iby 

iPMA itreatment iwe iused ithe isecond ihousekeeper iprotein iGAPDH. iThe iexpression iof iB-actin iprotein iwas 

ivery isimilar ito iexpression iof iGAPDH iacross i24-hour itime icourse. iThe isame itrend iwas idetected iin iboth 

ihousekeepers iwhich iconfirmed ithat ithere iis ia idifference iin ithe iamount iof iprotein iloaded ion ithe igel ibetween 

iPMA itreated iand inon-treated isamples. i 

Western iblot iis ia isemi-quantitative itechnique, itherefore idue ito ia ilarge idifference iin iprotein iloading ibetween 

iPMA-treated isamples iand inon-PMA itreated, ithose isamples iwere ianalysed iseparately ifrom ieach iother. i 

 

Figure i3.23 iRepresentative iblot iof iB-actin iand iGAPDH iexpression iin iTHP-1 imonocyte/macrophage-

like icells iacross i24-hour itime icourse. iSizes iof iproteins iwere idetermined irelative ito iPrecision iPlus iProtein 

iDual iColor iLadder. i i 
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Figure i3.24 iLog2 ifold ichanges iin iprotein iexpression ifrom iWestern iblot iin iTHP-1 

imonocyte/macrophage-like icells iin ithe ipresence/absence iof iMSU icrystals. iGAPDH inormalized ito iB-

actin iloading icontrol iand iexpressed ias ia iratio iB-actin ivs iGAPDH. iExpression iat ieach itime ipoint iis irelative 

ito ithe i0h itime ipoint iin iMSU iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. iData 

ishown iis ithe imean i± iSEM i(n=6). i 

 

3.8.2 iThe ipattern iof ioscillation iin iREV-ERBα ivs iTLR4 iprotein iexpression iin iTHP-1 

imonocyte/macrophage-like icells iin ithe iabsence/presence iof iMSU icrystals i 

Time ihad ia isignificant ieffect ion iREV-ERBα iexpression i(p<0.0001) iin iboth imonocytes iand imacrophage-like 

icells. iIn iboth imonocytes iand imacrophage-like icells, ithe ipeak iin iREV-ERBα iprotein ilevels iwas iobserved iat 

i12h itimepoint. iIn imonocytes, ithere iwas ia isignificant ieffect i(p<0.05) iof iMSU icrystals itreatment ion 

iexpression iof iREV-ERBα iprotein iin iMSU itreated icells icompared ito iuntreated icells. iHowever, ithis iwas inot 

iobserved iin imacrophage-like icells. iNo isignificant iinteraction ibetween itime iand itreatment iwas iobserved 

ifollowing iMSU itreatment iin ieither icell itype. i 
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Figure i3.25 iLog2 ifold ichanges iin iREV-ERBα iexpression iin iTHP-1 imonocyte/macrophage-like icells 

iacross i24-hour itime icourse. iREV-ERBα iprotein ilevels iat ieach itime ipoint iare iexpressed irelative ito ithe i0h 

itime ipoint iin iMSU iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. i iData ishown iis ithe 

imean i± iSEM i(n=6). i 
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3.8.3 iTLR4 iprotein iexpression iin iTHP-1 imonocyte/macrophage-like icells iin ithe 

iabsence/presence iof iMSU icrystals i 

In iboth icell itypes, itime ishowed ia isignificant ieffect ion iTLR4 iexpression. iThere iwas ino isignificant imain 

ieffect iof iMSU icrystal itreatment ion iTLR4 iprotein ilevels iin ieither icell itype. iHowever, ithere iwas ia isignificant 

i(p<0.05) iinteraction ibetween itime iand iMSU itreatment iin iTLR4 iprotein ilevels iin imacrophage-like icells.  

iTLR4 iprotein ilevels ipeaked iat ithe i12h itimepoint iin inon iMSU-treated icells ibut ino ipeak iwas ievident iin iMSU-

treated icells. i i 
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Figure i3.26 iLog2 ifold ichanges iin iTLR4 iexpression iin iTHP-1 imonocyte/macrophage-like icells iacross 

i24-hour itime icourse. iTLR4 iprotein ilevels iat ieach itime ipoint iare iexpressed irelative ito ithe i0h itime ipoint iin 

iMSU iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. iData ishown iis ithe imean i± iSEM 

i(n=6). i 

 

3.8.4 iREV-ERBα ialtered iprotein iexpression iof iTLR4 iin iTHP-1 imonocyte/macrophage-

like icells iin ithe iabsence/presence iof iMSU icrystals 

Both iREV-ERBα iand iTLR4 iwere idetected ion ithe isame iblot iin iorder ito ialso iallow icomparison iof ithe irelative 

itiming iof itheir ipeak iexpression. iIn imonocytes, iMSU itreatment ihad ino isignificant ieffect iof ithe irelative ilevels 

iof iTLR4 ivs iREV-ERBα. iHowever, iin imacrophages-like icells, itreatment iwith iMSU icrystals iresulted iin 

isignificant i(p<0.05) itime-dependent ireduction iof ithe iratio iof iTLR4 ito iREV-ERBα. iAs ican ibe iseen ifrom 

i(Figure i3.27) ithis idifference iwas idriven iby ia ireduction iin iTLR4 iprotein ilevels iin iMSU itreated imacrophage-

like icells irather ithan ian iincrease iin iREV-ERBα. i 
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Figure i3.27 iLog2 ifold ichanges iin iTLR4 iexpression irelative ito iREV-ERBa iin iTHP-1 

imonocyte/macrophages-like icells iacross i24-hour itime icourse. iThe iprotein ilevels iof iTLR4 iand iREV-

ERBa iare iexpressed ias ia iratio ibetween iTLR4 iand iREV-ERBa irelative ito ithe i0h itimepoint iin iMSU 

iuntreated icells. iFold ichange iis iexpressed iin iLog2 itransformed iform. iData ishown iis ithe imean i± iSEM i(n=6). i 
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Figure i3.28 iWestern iblots iof iTLR4 iand iREV-ERBa iexpression iin iTHP-1 imonocyte/macrophage-like 

icells iacross i24-hour itime icourse. iAll i4 iblots iare ifrom ia isingle iexperiment. iSizes iof iproteins iwere 

idetermined irelative ito iPrecision iPlus iProtein iDual iColor iLadder. i

Summary iof iFindings: 

Table i3.2 iThe ieffect iof iBMAL1 ion iMSU-induced iNLRP3 iinflammasome i 

BMAL1-overexpression i 

Cell itype NLRP3 iactivity i 

THP-1 imonocytes Reduced i(p i< i0.001) 

THP-1 imacrophage-like icells Reduced i(p i< i0.0001) 

BMAL1-knockdown i 

Cell itype NLRP3 iactivity i 

THP-1 imonocytes Induced i(p i< i0.01) 

THP-1 imacrophage-like icells Induced i(p i< i0.05) 

 

Table i3.3 iThe ieffect iof iPrednisolone ion iactivity iof iNLRP3 iinflammasome 

THP-1 imonocytes 

Treatment MSU iexposure Timepoint NLRP3 iactivity i Significance 

Prednisolone ivs iVehicle No 0-12h Reduced p<0.001 

Prednisolone ivs iVehicle No 12-24h Induced p<0.001 

Prednisolone ivs iVehicle Yes 0-12h Reduced p<0.0001 

Prednisolone ivs iVehicle Yes 12-24h Induced p<0.0001 
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THP-1 imacrophage-like icells i 

Treatment MSU iexposure Timepoint NLRP3 iactivity i Significance 

Prednisolone ivs iVehicle No 0-12h Reduced p<0.01 

Prednisolone ivs iVehicle No 12-24h Induced p<0.05 

Prednisolone ivs iVehicle Yes 0-12h Reduced p<0.001 

Prednisolone ivs iVehicle Yes 12-24h Reduced p<0.001 

 

Table i3.4 iThe ieffect iof iMSU icrystals ion ithe iprotein iexpression iof iREV-ERBα iin iTHP-1 

imonocyte/macrophage-like icells i 

Cell itype Effect iof iTime Effect iof iTreatment i Interaction 

THP-1 imonocytes p i< i0.0001 p i< i0.05 ns 

THP-1 imacrophage-like icells p i< i0.0001 ns ns 

 

Table i3.5 iThe ieffect iof iMSU icrystals ion ithe iprotein iexpression iof iTLR4 iin iTHP-1 

imonocyte/macrophage-like icells i 

Cell itype Effect iof iTime Effect iof iTreatment i Interaction 

THP-1 imonocytes p i< i0.05 ns ns 

THP-1 imacrophage-like icells p i< i0.05 ns p i< i0.05 

 

Table i3.6 iThe ieffect iof iMSU icrystals ion iprotein iexpression iof iTLR4 irelative ito iREV-ERBα iin 

iTHP-1 imonocyte/macrophage-like icells 

Cell itype Effect iof iTime Effect iof iTreatment i Interaction 

THP-1 imonocytes ns ns ns 

THP-1 imacrophage-like icells p i< i0.05 ns p i< i0.05 
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4 iDiscussion 

4.1 iIntroduction i 

Gouty iarthritis iis ian iinflammatory icondition iwhich iis ifrequently iinitiated iduring iearly ihours iin ithe imorning 

ior ilate iat inight. iIt iis icharacterized iby iactivation iof ithe iNLRP3 iinflammasome iwhich iis itriggered iby 

imonosodium iurate icrystals iin ithe ijoint icavity iand isubsequent irelease iof iseveral ipro-inflammatory icytokines 

ias iwell ias ineutrophil irecruitment. iIt iis inow iknown ithat ithe itrafficking iof iinnate iimmune icells isuch ias 

imonocytes iand imacrophages ias iwell ias ithe iactivity iof iNLRP3 iinflammasome iis iunder icontrol iof icircadian 

ioscillator. iThe icombination iof ithose ifacts istated iabove ibecame ithe imotivation ifor ithe icurrent istudy ias iour 

igoal iwas ito itry iand ilook iinto iwhether ior inot ithe itiming iof igout iflares icould ihelp ito iexplain itheir iorigin. iWe 

ihypothesised ithat iindividuals iwith igout iare ipredisposed ito igout iflares iduring ithe inight-time idue ito ialteration 

iof ithe imonocyte/macrophage icircadian irhythm iby iMSU icrystals.  iIn ithis istudy iwe iinvestigated ithe iinterplay 

ibetween ithe icircadian iclocks iin iTHP-1 imonocytes/macrophage-like icells ithat iare iexposed ito iMSU icrystals, 

iand ithe iacute iinflammatory iresponse idriven iby iNLRP3 iinflammasome. i i 

 

4.2 iMSU icrystal itreatment iresulted iin ialtered iexpression iof icomponents iof ithe 

imolecular icircadian iclock iin iboth iTHP-1 imonocytes iand imacrophage-like icells i 

To iour iknowledge, ithe icurrent istudy iis ithe ifirst ito iinvestigate ithe ieffect iof imonosodium iurate icrystals ion ithe 

iexpression ilevels iof icore icircadian icomponents iinvolved iin imaintaining icircadian irhythms iin imonocytes 

iand imacrophage-like icells. iTo itest ithe iformer, iwe ifirst idetermined iwhether iTHP-1 imonocytes iand 

imacrophage-like icells ipossess ifunctional iautonomous imolecular iclocks. iOur iresults idemonstrated ithat 

iTHP-1 imonocytes iand imacrophage-like icells iexpress icanonical icircadian igenes iand ithat ithe iexpression iof 

iindividual igene ivaried iover ia iperiod iof i24 ihours iconsistent iwith ithe iexpected icircadian ioscillation iin iclock 

igene iexpression. iIn iparticular iwe ifound ia isignificant ieffect iof itime ion ithe iexpression iof iBMAL1, iREV-

ERBa, iCRY1 iand iPER1 iin iboth imonocytes iand imacrophage-like icells. iWe idid inot iobserve isignificant ieffect 

iof itime ion iexpression iof iCRY2, iPER2 igenes ihowever ithis iis ilikely ito ibe idue ito ia ilack iof istatistical ipower ias 

ithese igenes ihad ibeen ishown ito iexpress icircadian irhythms iin ihuman imonocytes i(Haimovich iet ial., i2010). 

iThese iresults isupport ithe ievidence ifrom ithe iliterature iand iindicate ithat iinnate iimmune icells isuch ias 

imonocytes iand imacrophages iindeed ihave ia ifunctional imolecular iclock imechanisms iwhich iare iable ito 

ioperate iautonomously i(Keller iet ial., i2009). iInterestingly, ifor ithe ifirst itime, ithe iresults ifrom iour istudy 

ishowed ithat iMSU icrystal itreatment ialtered ithe iexpression iof iCRY1 iin imacrophages-like icells iand ibut inot iin 

imonocytes i(Figure i3.3 i& iFigure i3.7). iCRY1 iis ian iimportant icore iclock icomponent iassociated iwith 
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iregulating iof iproinflammation ithrough ithe icontrol iof iTLR/NF-kB ipathway (Yang iet ial., i2015). iThe iresults 

ifrom iprevious iin ivitro istudy idemonstrated ithat iCRY1 ihas ithe iability ito isupress iactivity iof iNF-kB/NLRP3 

isignalling icascade ivia ibinding ito iadenylyl icyclase iand ilimiting iproduction iof icAMP iwhich iin iturn ileads 

ireduction iof iprotein ikinase iA iactivation iand isubsequent idecrease iin iactivation iof iNF-kB. iOur iresults 

isuggest ithat imacrophage-like icells icould ibe ihypersensitive ito imonosodium iurate icrystals. iTherefore, ithe 

iincrease iin iCRY1 ilevel iinduced iby iMSU icrystals ican ipotentially ibe ia icontrary imechanism iof icell ito ian 

iincreased iNLRP3 iactivity iin iorder ito ireduce ithe irelease iof ipro-inflammatory icytokines ivia iNF-kB/NLRP3 

iaxis i(Narasimamurthy iet ial., i2012). iNevertheless, ifurther istudies iare ineeded ito iinvestigate iwhether ithere iis 

ian ieffect iof iMSU icrystals ion iCRY1 iprotein ilevel iand ialso ito idetermine ithe ieffect iof iCRY1 ion iNLRP3 

iinflammasome iactivity iand isubsequent icytokine iproduction. i 

In ithe ipresent istudy iwe idemonstrated ia itime-dependent ireduction iof iREV-ERBα iin iMSU-challenged 

imonocytes. iWe ialso idetected ithat icircadian ioscillation iof iREV-ERBα iwas iblunted iin iMSU-induced 

imacrophage-like icells i(Figure i3.2 i& i3.6). iHowever, iwe iobserved ia icircadian ioscillation iin iREV-ERBα 

iprotein ilevels iduring i24h iperiod ifrom iour iwestern iblot ianalysis. iThe iprotein ilevels iof iREV-ERBα iin iboth 

icell itypes iin ithe ipresence/absence iof iMSU icrystals iwere ion ithe irise iat i0-12h iand ion idecline iat i12-24h iwith ia 

ipeak iof iprotein iexpression iat i12h itimepoint. iInterestingly, iMSU itreatment idid iproduced ian ieffect ion iREV-

ERBα iprotein ilevels iin imonocytes, ibut iit iwas inot iin itime-dependent imanner ias iit iwas iobserved iin imRNA 

ilevels i(Figure i3.25). iIn imacrophage-like iTHP-1 icells, ino ieffect iof iMSU icrystals ion iREV-ERBα iprotein 

ilevel iwas idetected iwhich icould ibe idue ito ivariation ibetween imRNA iand iprotein ilevels iof icircadian 

icomponents iin ithe icells. iThe idifference iin ioutcomes ifrom iprotein ianalysis icompared ito imRNA ilevels 

isuggests ithat ithere iare ivariety iof isteps ibeyond imere itranscriptional icontrol iare iinvolved iin iestablishing ithe 

iprotein ilevels iof icircadian icomponents i(McManus et al., i2015). iThe iREV-ERBα iprotein iauto-inhibits 

iexpression iof iits iown iRNA iso ihigh iREV-ERBα iprotein ilevels icould icause ireduced iREV-ERBα imRNA 

i(Keene, i2010). iMoreover, ithere iis ia ipossibility iof ia ireduction iin ihalf-life iof ithe iprotein idue ito iincreased irate 

iof idegradation ias ian iattempt ito iregress ithe isudden ichange iin ithe iclock imachinery.  iThe iresults ifrom ithis 

istudy ipartially icomply iwith ithe istudy iby iS. iWang iet ial. iIn itheir istudy iresearchers ialso iconfirmed ialteration 

iin imRNA iexpression iof iCRY1 iand iREV-ERBα iin idextran isodium isulfate i(DSS)-induced iprimary imonocytes 

iand imacrophages ias iwell ias iin ivivo imodel, ihowever, ithey idid inot ilook iat ithe iprotein ilevel iof ithose icore 

icircadian igenes i(Wang iet ial., i2018) i. iOverall, iwe iestablished ithat iMSU icrystal itreatment idoes iindeed 

imodify ithe iexpression iof iCRY1 iand iREV-ERBα iclock icomponents iin iTHP-1 imonocytes iand imacrophage-

like icells. i 

In ivivo, iperipheral iclocks iare iknown ito ibe isynchronized iwith ithe imaster iclock iin iSCN iand iinfluenced iby 

ihormonal iand imetabolic ifactors. iHowever, iour iexperiment iwas iperformed iin ivitro iand itherefore iserum-

shock i(the iwithdrawal iof inutrients iand igrowth ifactor) itreatment iwas iused ito imimic ithe iZeitgeber icues iin ithe 
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iin ivitro ienvironments. iAlthough, ithe iexact i24-hour iperiod iconfirmed iin ivivo icould inot ibe ireplicated iin ithe 

ivitro ienvironment, iin itheory iserum istarvation i“synchronises” ithe iperipheral iclock i(Richards i& iGumz, i2012). 

iIt iis ibelieved ito ioccur idue ito ithe ifact ithat icircadian iclock iand icell icycle iare iinterlinked. iSerum-shock 

itreatment iarrests ithe iindividual icells iat iG1 iphase iand ire-feeding ithe icells iwith iserum irich imedia itriggers ithe 

icell icycle ito istart iagain iwhich iis ithought ito i“re-set” ithe iperipheral iclock ion ithe icells i(Shin iet ial., i2008). iThe 

iserum imedia iin iwhich iwas iused ito igrow iour icells istill icontain inutrients isuch ias iglucose iand iL-glutamine 

iwhich iare icrucial isources iof ienergy ifor icell iculture i(Tannockl et al.,i1986). Therefore, iserum-starvation 

imethod icannot icompletely imimic ire-setting iof icues iin iperipheral iclocks iin ivivo  ias iwe ican’t iequate iserum-

shock itreatment iand ire-feeding iwith iday iand inight icycle.  iGlucocorticoid itreatment iis ialso iknown ito ibe iused 

ias ia icommon imethod ito imimic iendogenous ire-setting icues iby ilimiting icell’s ientrance iinto iS iphase iof ithe icell 

icycle i(Kiessling iet ial., i2017). iHowever, iglucocorticoid itreatment ihas ian ianti-inflammatory ieffect iwhich iwas 

inot iappropriate ifor ithe icurrent istudy ias iwe istudied ithe iinflammatory ieffect iof iMSU icrystals ion icircadian 

igenes iin iinnate iimmune icells. i 

 

4.3 iThe iNLRP3 iinflammasome iactivity iwas ialtered ithrough ithe ieffects iof iheme ion 

iREV-ERBα iand iTLR4 i 

Previous iloss-of-function istudies ihighlighted ithat itime-of-day ivariation iin ileucocyte itrafficking iand irelease 

iof ipro-inflammatory icytokines iare idirectly imediated iby ithe icore icircadian igenes, iincluding iREV-ERBα iand 

iBMAL1 iin ia i24-hour icircadian irhythm i(Gibbs iet ial., i2012; iPick iet ial., i2019). iBased ion ithe iliterature iREV-

ERBα ihad ibeen iidentified ias itranscriptional iregulator iof iinflammatory igenes isuch ias iNLRP3 i(Wang et al., 

2020). iREV-ERBα ihas ibeen ishown ito iact ias ia idirect iregulator iof imRNA iexpression iand itranscription iof ithe 

icore iNLRP3 iinflammasome icomponents. iHerein, iwe ifocus ion icore icircadian icomponent iREV-ERBα iand 

iinvestigate iits ieffect ion ithe iregulation iof iinflammatory iresponses iin iMSU-challenged iTHP-1 imonocytes 

iand imacrophages-like icells. i 

Monosodium iurate icrystals iare iknown ias ia icausative iagent iin igouty iarthritis, ihowever ithe iunderlying 

imechanisms iof iMSU-induced iinflammation ionly irecently ibegun ito ibe irevealed i(Dalbeth i& iHaskard, i2005; 

iKingsbury iet ial., i2011). iAccumulating ievidence ifrom iseveral istudies isuggests ithat iMSU-induced 

iinflammation ioccurs ivia iactivation iof iNLRP3 iinflammasome iwhich iin iturn iresult iin isecretion iof iIL-1β ifrom 

imacrophages iand isubsequent ineutrophil iinflux iinto ithe ijoint ispace i(Dinarello, i2010). iIn ithis istudy iwe 

iaddressed ithe ieffect iof iMSU icrystals ion iNLRP3 iactivity iin iTHP-1 imonocytes iand imacrophages-like icells. 

iOur iresults ishowed ithat imonocytes iand imacrophages-like icells ipre-treated iwith iMSU icrystals ihad ia 

isignificant iincrease iin icaspase-1 iactivity icompared ito iuntreated icells i(Figure i3.15). iAfter iactivation iand 

iformation iof iNLRP3 iinflammasome, iit iconverts ipro-caspase-1 iinto icaspase-1 iwhich iwe imeasured iin iour 
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iresults. iTherefore, icaspase-1 iactivity ican ibe idirectly ilinked ito ithe iactivity iof iNLRP3 iinflammasome. iThe 

istudy iby iJhang iet ial ialso ishowed ithat iTHP-1 icells, ifollowing itreatment iwith iMSU icrystals iled ito ia 

isignificant iinduction iin iNLRP3 iinflammasome iactivation ias iwell ias isubsequent iincrease iin iIL-1B irelease 

i(Jhang et al., i2015). iNotably, iin itheir istudy ithe iresearchers idiscovered ian ieffect iof iphorbol i12-myristate i13-

acetate i(PMA) itreatment ion iNLRP3 iinflammasome iactivity. iIt iappears ithat iTHP-1 imonocytes itreated iwith 

iPMA iinitiate ian iinflammatory iresponse iby isignificantly iincreasing isecretion iof iIL-1b iwhich iis ilinked ito ithe 

iNLRP3 iinflammasome. iHowever, iour iresults idid inot ishow ia isignificant iincrease iin iNLRP3 iactivity iin iPMA 

itreated iTHP-1 imonocytes iperhaps idue ito ithe ifact ithat iwe imeasured iNLRP3 iactivity i72h iafter iPMA 

itreatment iand inot iafter i3h iexposure ito iPMA iin ithe istudy imentioned iabove. iTherefore, ithe itreatment iwith 

iPMA iseems ito iproduce ia itransient iincrease iin iNLRP3 iactivity iover ia ishort iperiod iof itime iand imay inot iaffect 

imature imacrophages. i 

To iexamine ithe ieffects iof iREV-ERBa ion iregulation iof iNLRP3 iinflammasome iactivity iin ivitro, iwe icompared 

ithe ieffects iof iheme i(endogenous iagonist iof iREV-ERBa) iwith ior iwithout iSR-8278 i(pharmacological 

iantagonist iof iREV-ERBa). iHeme ihas ian iability ito ibind idirectly ito ithe iREV-ERBa iligand-binding idomain 

i(LBD) iand ithereby ienhance ithe iability iof iREV-ERBa ito isupress ithe itranscription iof itarget igenes iby 

iincreasing irecruitment iof ico-repressors isuch ias iNCoR ito itarget igenes i(Raghuram iet ial., i2007; iYin iet ial., 

i2010). iSR-8278 iis ia isynthetic iantagonist iof iREV-ERBa iwhich iacts icompletely iopposite ito iheme itherefore iit 

idirectly ibinds ito iREV-ERBa iLBD iand iinhibits iREV-ERBa itranscriptional irepression iof itarget igenes i(Kojetin 

et al., i2011). iThere iwere ino iobvious ioff-target ieffects iof iSR-8278 ihad ibeen ishown iin iin ivitro istudies. i 

First, iwe iinvestigated ithe ieffect iof iSR-8278 ialone ion imonocytes iand imacrophages-like icells iat itwo itime 

ipoints. iWe ireport ithat iinhibition iof iREV-ERBα iby iSR-8278 iin imonocytes iand imacrophages-like icells ihad 

ino ieffect ion iNLRP3 iactivity iin inon-MSU itreated icells iat iboth itime ipoints i(Figure i3.16 i& i3.17). iHowever, 

iin ithe ipresence iof iMSU icrystals ithe iinhibitory ieffect ihas ibeen iseen ionly iin imacrophage-like icells iat i12-24h 

itimepoint. iThe itreatment iwith iSR-8278 iindeed iresulted iin iincrease iin iNLRP3 iinflammasome iactivity 

iperhaps idue ito iinhibition iof iREV-ERBα iactivity i(Kojetin iet ial., i2011). iThese iresults icomply iwith iin ivivo  

imuscle idystrophy imodel iwhere iauthors ishowed ithat iREV-ERBα iantagonism iin ivivo iinduced iby iSR-8278 

isignificantly iincreased iinflammation iand ireduced iexpression iof ipro-myogenic ifactor iwhich iis irequired ito 

irebuild imuscle itissue i(Welch iet ial., i2017). iIn icontrast ito ithese ifindings, iin ithe ipresence iof iMSU icrystals, iwe 

iobserved ithe iopposite ieffect iof iSR-8278 ion iNLRP3 iactivity iin iboth imonocytes iand imacrophage-like icells 

ionly iat i0-12h itimepoint. iAs iwe imentioned ibefore, ithe icaspase-1 i(NLRP3) iactivity iwas imeasured iat i8-12h 

ifor i0-12h itimepoint iand iat i20-24h ifor i12-24h itimepoint. iTherefore, ithese iresults icorelate iwith iour iprevious 

ifinding iof iREV-ERBα iprotein ilevels iduring i24h itime iperiod i(Figure i3.25). iWe iobserved ian iincreasing 

itrend iin iREV-ERBα iprotein iexpression iduring ifirst i0-12 ihours iwith iits ipeak iat i12h. iThe iresults iobtained iby 

iBibbs iet ial, ialso idemonstrated ian iupregulation iof iREV-ERBα iduring ifirst i0-12h iand idownregulation iduring 
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i12-24h iin iLPS-induced imacrophages. iTherefore, iit iis ipossible ithat idetected idecrease iin iNLRP3 iactivity 

iduring i0-12h iis irelated ito ian iendogenous iincrease iin iREV-ERBα iprotein iexpression iin icells. 

Evidence ifrom ithe iliterature isuggest ithat iheme iacts inot ionly ias ian iagonist ifor iREV-ERBα ibut ialso ias ian 

iagonist ifor iTLR4 (Figueiredo iet ial., i2007; iRaghuram iet ial., i2007). iIt ihas ibeen ishown ito idirectly iactivate 

iTLR4-mediated isignalling ivia idirect ibinding iof iheme-binding iproteins i(HBP) ito iTLR4 iand ithus iactivating 

iinflammatory ipathways iincluding iNF-kB/NLRP3 iaxis ior iindirectly iby igeneration iof ireactive ioxygen 

ispecies i(ROS) ivia iwhat iis icalled iFenton ireaction iof iiron iand iH2O2 i(Bozza i& iJeney, i2020; iJanciauskiene et al., 

i2020). iTherefore, iin ithe ipresent istudy iwe iused iheme ias iREV-ERBα iand iTLR4 iagonist ito iinvestigate iwhether 

ior inot iit ihas ian ieffect ion iMSU-induced iinflammatory iresponse iat itwo idifferent itime ipoints. iOur iresults 

ishowed ia icell-dependent ieffect iof iheme iin ithe iabsence iof iinflammatory iinducer. iIn ithe iabsence iof iMSU 

icrystals, itreatment iwith iheme idid inot ichange iNLRP3 iactivity iin imonocytes iat ieither itimepoint, iyet iheme 

itreatment iinduced iNLRP3 iactivation iin imacrophage-like icells iat i0-12h iand i12-24h itimepoints i(Figure i3.16 

i& i3.17). iIn ithe istudy iby iFigueredo iet ial, ithe iauthors idemonstrated ithat iheme iin ithe iabsence iof iLPS 

istimulation iinduced isecretion iof iTNF-a iand iIL-6 iby ihuman iand imouse iderived imacrophages ivia 

iupregulation iof iTLR4 isignalling i(Figueiredo iet ial., i2007). iMoreover, ithe ifindings ifrom ianother ipaper istated 

ithat iTLR4 isignalling irequires ico-receptor iCD14 iand ithus ithe iconcentration iof iLPS ihas ito ibe imuch ihigher iin 

iLPS-challenged imonocytes icompared ito imacrophage-like icells ito iachieve ithe isame ilevel iTLR4 ipathway 

isignalling i(Haziot iet ial., i1996). iFinally, iin ivitro istudy iby iErdei iet ial ishowed iheme-mediated iNLRP3 

iinflammasome iactivation ivia iROS iproduction iand iK+ iefflux iwhich itriggered iinduction iof iactive iIL-1b iin 

ihuman iumbilical ivein iendothelial icells iin ithe iabsence iof iLPS-induced iinflammation i(Erdei iet ial., i2018). 

iBased ion iour ifindings iand iprior istudies, iwe imay ionly ispeculate ithat iin ithe iabsence iof iinflammatory 

iinducers, iheme-mediated iincrease iin iNLRP3 iinflammasome iactivity ihas ia icell-specific icharacteristic.  

iSpecifically, iit iappears ithat imature imacrophage-like icells iwith ihigh iexpression iof iCD14 iare imore 

isusceptible ifor iheme ito ieither idirectly ior iindirectly iactivate iTLR4-mediated isignalling ivia iTLR4 iagonism ior 

iproduction iof iROS iwhich iultimately iresults iin iactivation iof iNF-kB/NLRP3 iaxis. iNevertheless, ifurther 

iinvestigation iis ineeded ito idetermine ithe iexact imechanism iof iaction iof iheme iin idifferent icells inot istimulated 

iby iany iinflammatory iinducers. i 

Consistently,  iwith ithe ievidence ifrom ithe iliterature ion ithe ianti-inflammatory ieffects iof iheme, ihere iwe ireport 

ithat itreatment iwith iheme isignificantly idownregulated iNLRP3 iinflammasome iactivation iin iMSU-stimulated 

imonocytes iand imacrophage-like icells i(Pae i& iChung, i2015.; iS. iWang iet ial., i2020; iYin iet ial., i2010). iHeme-

mediated iinhibition iof iNLRP3 iactivity iappears ito ibe inot icell- ior itime- idependent, ias ithe isame ieffect ihas ibeen 

idetected iin iboth iMSU-challenged icell itypes iand iat i0-12h i& i12-24h itimepoints. iHowever, iit iis iunclear 

iwhether ithe ianti-inflammatory ieffect iof iheme iis idue ito iregulation iof iREV-ERBα iand ithus iNF-kB/NLRP3 

iaxis ior iperhaps idue ito iheme ioxygenase-1 iactivity.  iIn ivitro iand iin ivivo  imodels iof iDSS-induced icolitis 
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irevealed ithat iREV-ERBα irepress iNLRP3 iactivity imainly iat ithe ipriming istep iby isuppressing iNLRP3 

itranscription ivia ibinding ito iits ipromoter iregion iand itherefore ipreventing iactivation iof iNF-kB/NLRP3 iaxis 

i(Wang iet ial., i2018). iFurthermore, igenetic iand ipharmacological imodulation iof iREV-ERBα iactivity iin 

ihuman iand icultured imacrophages iconfirmed ianti-inflammatory iregulation iof iREV-ERBα. iLoss iin iREV-

ERBα iexpression iresulted iin iactivation iof iNF-kB/NLRP3 isignalling icascade iand iconsequently iled ito irelease 

iof ipro-inflammatory icytokines iIL-1b, iIL-6 iand iIL-18. iBy icontrast, iregaining iof iREV-ERBα iexpression iled 

ito iattenuation iof iinflammatory iresponse i(Gibbs iet ial., i2012). iInterestingly, ianother ianti-inflammatory 

iregulatory imechanism iof iheme ihad ibeen ipreviously idetermined iin ivitro iand iin ivivo  istudies. iHeme 

ioxygenase-1 idemonstrated iits ipotent ianti-inflammatory ifunctions iin iLPS-challenged icultured irat iKupffer 

icell. iStimulation iof icells iwith iheme, ifollowing istimulation iwith iLPS isignificantly iupregulated ilevels iof iHO-

1 iwhich iled ito ienzymatic idegradation iof iheme ias iwell ias iattenuated ithe iexpression iof iNLRP3 iand ivarious 

ipro-inflammatory igenes isuch ias iIL-1, iTNF-a iand iCOX2 i(Immenschuh et al.,i1999; iLin et al., i2003). i 

Next, iwe iinvestigated iwhether ithe ieffects iof iheme ion iNLRP3 iactivation iwas ialtered iby iSR-8278. iIn ithe 

iabsence iof iMSU icrystals iwe idid inot idetect ian ieffect ion iNLRP3 iactivity iin ieither iof ithe icells iafter ico-

treatment iwith iheme+SR-8278 icompared ito icells itreated iwith iheme ialone, isuggesting ithat ieffect iof iheme 

iwas inot imediated iby iREV-ERBα. iInterestingly, iin ithe ipresence iof iMSU icrystals iwe ialso idid inot iobserve ia 

isignificant idifference iin iactivation iof iNLRP3 iinflammasome ibetween imonocytes ico-treated iwith 

iheme+SR-8278 iand ithose itreated iwith iheme ialone iat ithe i0-12h itimepoint, iwhich iimplied ithat ithe ieffects iof 

iheme iare inot idependent ion iREV-ERBα iactivity. iHowever, iat ithe i12-24h itimepoint, ithe iactivity iof iNLRP3 

iwas isignificantly ireduced iin imonocytes ico-treated iwith iheme+SR-8278 icompared ito iin imonocytes itreated 

iwith iheme ialone, iindicating ithat iSR-8278 imight ihave ipotentiated irather ithan iinhibited ithe isuppressive 

ieffects iof iheme ion iNLRP3 iactivation. iAdditionally, iprotein ilevels iof iREV-ERBα iwere ion ithe iincline iduring 

i0-12h iand ion idecline iduring i12-24h i(Figure i3.25). iTherefore, idespite ithe iheme-mediated iinhibition iof 

iNLRP3 iactivity ieven iin ithe ipresence iof iSR-8278, iit iappears ito ibe imediated iby isome iother ianti-

inflammatory imechanisms ipreviously idescribed irather ithan iregulation iof iREV-ERBα iactivity i(Fontaine iet 

ial., i2008; iWang iet ial., i2018). iIts inoteworthy ito imention ithat iwe iobserved ia igeneral ireduction iin iTLR4 

iprotein iexpression iin imonocytes iduring i20-24 ihours i(Figure i3.26). iThese iresults ido inot icomply iwith 

ifinding iof ithe istudy iby iKojetin iet ial, iwhere iresearchers icharacterized ithe iactivity iof iSR-8278 iin ia icell-based 

iassay i(Kojetin iet ial., i2011). iTreatment iof iHepG2 icells iwith iSR-8278 iand iheme iresulted iin iinhibition iof 

iheme iactivity iand isuppression iof iREV-ERBa iexpression iwhich iled ito iactivation iof ipro-inflammatory 

ipathways. iSurprisingly, iour iresults idemonstrated ian iopposite icombined ieffect iof itreatment iin imacrophage-

like icells iin ithe ipresence iof iMSU icrystals. iThe iNLRP3 iinflammasome iactivity iwas isignificantly iincreased 

iin imacrophage-like icells ico-treated iwith iheme+SR-8278 icompared ito icells itreated iwith iheme ialone iat iboth 

itimepoints. iBased ion ithe iprior istudies imentioned ibefore iand ithese iresults iwe imay itheorize ithat iheme iexerted 



108 

 

iits iprotective ianti-inflammatory ieffect ithrough iREV-ERBα ito idecrease iMSU-induced iNLRP3 iactivity,  

ihowever iit iwas iinhibited iby iSR-8278 i(Fontaine iet ial., i2008; iWang iet ial., i2018). i 

Lastly, iwe isought ito icompare ithe icombined ieffect iof iheme+SR-8278 iand iSR-8278 ialone iin iTHP-1 

imonocytes/macrophage-like icells. iIntriguingly, iwe idetected ian iincrease iin iactivity iof iinflammasome iin 

imacrophage-like icells iat i0-12h itimepoint iin ithe ipresence iof iMSU icrystals. iHowever, ithere iwas ia isignificant  

ireduction iin iNLRP3 iactivity iin imacrophage-like icells iat i12-24h itimepoint i(Figure i3.16 i& i3.17). iOn ione  

ihand, iour ifindings isuggest ithat iSR-8278 idid inot iinhibit ithe ieffect iof iheme iat i12-24h itimepoint iand irather 

ipotentiated iit, ihowever idespite ithe iheme-dependent ireduction iin iNLRP3 iactivity, iit idoesn’t iseem ito ibe 

idriven ithrough iREV-ERBα. iOn ithe iother ihand, ian iincrease iin iNLRP3 iinflammasome iactivity iat i0-12h 

itimepoint iis imost ilikely ito ibe imediated iby ieffect iof iheme ion iREV-ERBα. iHowever, ithese idata icontradict 

iwith iour iprotein ifindings ion iREV-ERBα iand iTLR4 ilevels iduring i24h iperiod. iREV-ERBα iprotein ilevels iare 

ion ithe iincline iduring i0-12h iand ion ithe idecline iduring i12-24h. iTherefore, iif iheme iwould imediate iits ieffects 

ithrough iREV-ERBα iagonist iwe iwould iexpect ito isee ithe iopposite iresults. iAdditionally, iREV-ERBα iis 

iknown iact ias ia isuppressor iof iTLR4 iexpression i(Fontaine iet ial., i2008). iThis iwas ipartially iin iline iwith ithe idata 

iwe iobtained ion ithe iTLR4 ivs iREV-ERBα iratio iduring i24 ihours iperiod i(Figure i3.27). iWe iobserved ia 

isignificant itime- iand iMSU itreatment- idependent ireduction ion ithe irelative iprotein ilevels iof iTLR4 ito iREV-

ERBα iin imacrophage-like icells. iSurprisingly, ithe idifference ibetween iREV-ERBα iand iTLR4 iprotein ilevels 

iappear ito ibe idriven iby ia ireduction iof iTLR4 iprotein iexpression iin iMSU-treated icells irather ithan ian iincrease 

iin iREV-ERBα iexpression. iIf ianything, iwe iwould iexpect ito isee ian iincrease iin iTLR4 iexpression iin iMSU-

challenged imonocytes iand imacrophage-like icells. iThe iresults ifrom ithis iparticular  iexperiment iare 

iinconclusive iand irequired ifurther iinvestigation ito iget ia ibetter iunderstanding iof ithe iinterplay ibetween iTLR4 

iand iREV-ERBα iexpression iin imyeloid icells. i 

In ithe ipresent istudy iwe iobtained ithe ievidence ithat iREV-ERBα iindeed iplays ian iimportant irole ias ia 

itranscriptional iregulator iof iinflammation, ihowever ithe iexact imechanism iof iits ianti-inflammatory iactivity iis 

iyet ito ibe idetermined. iOur iresults idemonstrated ithat iheme ihas ia icontroversial irole iin iregulation iof 

iinflammatory iresponse ias iit  ishowed ito iact ias ipro- iand ianti- iinflammatory iregulator, idepending ion icell itype, 

itime iand ipresence iof iinflammatory iinducers. i iBased ion iprevious istudies iby iFontaine iet ial iand iShuai iwang iet 

ial, iwe ialso ireport ithat iREV-ERBα ihas icapacity ito iregulate iactivity iof iNLRP3 iand iits iactivation 

idownregulates ithe iexpression iof iNLRP3 iinflammasome iactivity,  ihowever ithe iresults ifrom ithis istudy ishow 

isome iinconsistencies ithus ifurther istudies ion ithis imatter iare inecessary i(Fontaine iet ial., i2008; iWang iet ial., 

i2018). i 
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4.4 iThe iactivity iof iNLRP3 iinflammasome  iwas ialtered ifollowing iBMAL1 ioverexpression 

ior iknockdown i 

Based ion ithe iprevious istudies iand ion ithe ifindings iwe iobtained ion ithe ieffect iof iREV-ERBα ion iregulation iof 

iinnate iimmune iresponse ivia icontrol iof iNF-kB/NLRP3 isignalling ipathway, iit iwas ilogical ito iinvestigate ithe 

ieffect iof ianother icore icircadian icomponent, iBMAL1 iwhich iis ishown ito ibe iregulated iby iREV-ERBα i(Yin iet 

ial., i2010). 

 

The ibiological iclock iwas ishown ito icontrol iNLRP3 iactivation iand iexpression, itherefore icontrolling ithe 

isecretion iof ipro-inflammatory icytokines isuch ias iIL-6, iIL-18 iand iIL-1β iin iinnate iimmune icells, iparticularly 

imonocytes iand imacrophages. iThe iBMAL1 igene iis ione iof ithe imost icritical icircadian igenes ifor imaintenance 

iof i24-h ioscillations iand iit iis iknown ito iplay ia ikey irole iin iregulation iof iimmune iresponses. iMoreover, 

iBMAL1 ihas ibeen isuggested ito iact ias ian ianti-inflammatory ifactor ias iit ishowed ito idirectly isuppress 

itranscription iof ipro-inflammatory icytokine igenes isuch ias iCcl2 iand iCcl8 iin imonocytes iby iinducing ihistone 

imodification iin iE-box iof ithe iCCL2 ipromoter i(Nguyen iet ial., i2013). iThe ireduction iof iBMAL1 ilevels iin 

imacrophages ialso idemonstrated ian iinduction iin iexpression iof iseveral ipro-inflammatory icytokines iTNF-a, 

iIL-1β iand iIL-6 i(Castanon-Cervantes iet ial., i2010; iKeller iet ial., i2009.) iMoreover, ithe ianti-inflammatory 

iactivity iof iBMAL1 iwas iconfirmed iin iin ivivo  istudies. iIn ithe irecent istudy iby iFeng iLi iet ial, iBMAL1-deleted 

imice idemonstrated iexacerbated iP.acnes-induced iinflammation iin ithe iskin i(Li iet ial., i2022). iThe iresearchers 

iproposed ithat iBMAL1 isupresses iinflammation ivia iits idirect itarget iREV-ERBα, iwhich iregulates iNF-kB iaxis 

ito irestrain iinflammatory iresponse. iFurthermore, ithe irole iof iBMAL1 iin ineurodegeneration iwas iinvestigated 

iby iMusiek iet ial iwho igenerated imice iin iwhich iBMAL1 iwas ideleted iin imajority iof ineurons iand iastrocytes. 

iBMAL1 iknock iout ianimals ihad ian iincreased iexpression iof iinflammatory icytokines, iwhich iwas iin iline iwith 

ichronic ineuroinflammation i(Musiek iet ial., i2013). iNonetheless, irecent istudies ialso idemonstrated icompletely 

iopposite iresults iwhere iBMAL1 iacts ias ia ikey ipro-inflammatory iregulator iof iimmune iresponse. iThe ifindings 

ifrom ia istudy ion ibreast icancer icells ishowed ithat iBMAL1 irecruits iCREB ibinding iprotein ito ipromote 

iacetylation iand iphosphorylation iof ip65, itherefore iupregulating iits itranscriptional iactivity iand iresulting iin 

ihigh iNF-kB iactivity iwhich ileads ito isecretion iof iinflammatory icytokines i(Wang iet ial.,  i2019). iAdditionally,  

ithe iother istudy iin imicroglia icells ialso idemonstrated ia ireduction iof ipro-inflammatory igene iexpression iin 

iBMAL1 ideficient imice i(Wang iet ial., i2020). iTherefore, ithe iprevious istudies iconvey ia icontradictory irole iof 

iBMAL1, isuggesting ithat ithe iexact imechanism iof iBMAL1 ion iorchestration iof iimmune iresponses iis iyet ito ibe 

idetermined. i 

 

In icurrent istudy iwe iwere ifirst ito iinvestigate ian ieffect iof iBMAL1 ion iMSU-challenged iTHP-1 

imonocytes/macrophages-like icells ias ithere iare ino istudies ihad ibeen iconducted ito iinvestigate ithis imatter. 
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iBased ion ithe iresults ifrom iprevious istudies ias iwell ias ithe iknown irole iof iBMAL1 ias ia icrucial itranscriptional 

ifactor iwithin iclock imachinery iof ithe icell, iwe ihypothesized ithat iBMAL1 iplays ian iimportant ipart iin 

iorchestration iof iinflammation-related igene iexpression iin iTHP-1 imonocytes iand imacrophages-like icells. 

iThe iresults iof iour icaspase-1 iinflammasome iassay iclearly iindicate ithat ialteration iin iBMAL1 iexpression 

iaffected ithe iextent iof iNLRP3 iinflammasome iactivity iand ithereby imodulated iinflammatory iresponse iin iboth 

imonocytes iand imacrophage-like icells. iFirst, ithe ieffect iof iMSU icrystals iwas iconfirmed iby icomparing iMSU 

itreated imonocytes iand imacrophages-like icells iand iuntreated icontrol iwithout imodifications iof iBMAL1. iThe 

itreatment iwith iMSU icrystals isignificantly iincreased ithe iactivity iof iNLRP3 iinflammasome iin iboth icell itypes 

icompared ito iGFP iand ishGFP icontrol i(Figure i3.1 i& i3.2). iThese iresults iwere iin iline iwith iour iprevious 

ifindings ion ieffect iof iMSU icrystals i(Figure i3.1). iIn iBMAL1-overexpressing imonocytes iand imacrophage-

like icells, ia isignificant ireduction iin iNLRP3 iinflammasome iactivity iwas iobserved icompared ito icontrol icells. 

iConsistent iwith ithis iwe iobserved ithe ireciprocal ieffect ion iNLRP3 iactivity iin iBMAL1-knockdown iTHP-1 

imonocytes iand imacrophage-like icells. iWe idetected ia isignificant iincrease iin iNLRP3 iinflammasome iactivity 

iin iTHP-1 imonocytes iand imacrophage-like icell.  iStrikingly, iwe iobserved ithe iopposing ieffect iof iBMAL1 

ioverexpression iand iknockdown iin inon-MSU itreated imonocytes iand imacrophage-like icells icompare ito 

iMSU itreated icells. iTherefore, ithe iresults ifrom ithe icurrent istudy iare ionly ipartially iconsistent iwith iprevious 

istudies. iOn ione ihand, iour ifindings isuggest ithat iBMAL1 imay iact ias ian ianti-inflammatory ifactor iin ithe 

ipresence iof iinflammatory imediator iwhich iin iour icase iis iMSU icrystals. iPrior istudies idemonstrated ithat 

iBMAL1 iabundance isuppress iNLRP3 iinflammasome iactivation iand ithereby ireduces ithe irelease iof ipro-

inflammatory icytokines iin iLPS-induced iinflammation i(Timmons iet ial., i2021; iWang iet ial., i2018). iThe ianti-

inflammatory ieffect iof iBMAL1 iand iits iregulation iof iimmune iresponses ihad ibeen ishown ithrough iseveral 

imechanisms.  iOf iparticular  iinterest iis ithat iBMAL1 ihad ibeen ishown ito iregulate iinflammatory iresponses 

ifollowing iactivation iof iTLR4 iby imodulating ithe iepigenetic iactivity iof ienhancer iRNA itranscription (Oishi iet 

ial., i2017). iIn iparticular, iBMAL1 ideletion icaused ian iinduced iacetylation iof ilysine i27 iof ihistone i3 iwhich 

iresulted iin iprolong iand ienhanced iactivation iof iNF-kB itarget igenes isuch ias iNlrp3 iinflammasome igene. 

iMoreover, ithe iresearchers ifound ithat iapproximately i36% iof iBMAL1 ibinding isites iare ialso ibound iby iNF-kB, 

iwhich iimplies iintegration iof icircadian igene iBMAL1 iinto ithe icontrol iof iimmune iresponse imachinery iin 

imacrophages i(Oishi iet ial., i2017). iNotably,  iin ithe irecent istudy iby iiLi iet ial., i2022 ithe iresearchers ialso 

idemonstrated ithat iBMAL1 iregulate iinflammation ivia ithe iNF-kB/NLRP3 iaxis iand iproposed ithat iBMAL1 

isupress iinflammation ivia idirect itargeting iof iREV-ERBa iwhich iin iturn iacted ias ia itranscriptional irepressor iof 

iNF-kB/NLRP3 isignalling ipathway i(Li iet ial., i2022). iOn ithe iother ihand, iour iresults iimply ithat iBMAL1 imay 

iplay ia irole iof ipro-inflammatory iregulator iand iits iabundance iincreases ithe iactivity iof iNLRP3 

iinflammasome. iThe ineuroinflammation istudy iconducted iin imicroglia icells ishowed ithat ideficiency iin 

iBMAL1 icaused ireduction iin ipro-inflammatory icytokine irelease idue ito iinhibition iof iNLRP3/NF-kB icascade 

i(Wang iet ial., i2020). iMoreover, ithe iresearchers iproposed ithat imicroglia icells isimilar ito imacrophages iand ican 
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ipolarize iinto ithe i(M2) ianti-inflammatory istate iby iinducing iIL-10 iexpression iand ithereby iantagonise ipro-

inflammatory iresponse. iHowever, ithese ifindings ido inot icomply iwith iour iresults ias iwe idetected idifferent 

iresults iin ithe isame ico-cultured icell iline. iBased ion iour ifindings iwe icannot idraw ia iclear iconclusion iwhether 

ior inot iBMAL1 iacts ias ipro- ior ianti- iinflammatory iregulator ias iit iactions imight ibe icontext idependent. iThere 

iis ia iprobability ithat iactivity iof iBMAL1 iis idependent iof icell itype iand itissue ias iits iactions ihighly iaffected iby 

ithe icellular imicroenvironments iincluding icofactors iand iredox istate i(Sulli et al., i2019). iOverall, imultiple 

imechanisms iby iwhich iBMAL1 iinteracts iwith iNF-kB ishow ian iinvolvement iof iREV-ERBa iin ithe 

itranscriptional iregulatory imachinery igoverned iby iNF-kB. iFurther iinvestigation iis ineeded ito ireveal ithe iexact 

imechanism iof iregulation iof iimmune iresponse iby iBMAL1. i 

 

 

4.5 iThe itreatment iwith iprednisolone imodified iNLRP3 iinflammasome iactivity i 

Glucocorticoids isuch ias iprednisone iare ione iof ithe imost icommon imedications ifor itreatment iof igout iarthritis.  

iPrednisone igained iits iclinical isuccess idue ito iits ieffective iani-inflammatory ieffect iwhich iis iattributed ito iits 

icapacity ito isupress ithe iexpression iof ipro-inflammatory igenes isuch ias iIL-1β, iTNF-α, iIL-6 ivia iactivation iof 

iglucocorticoid ireceptors iand ithe iinhibition iof ipro-inflammatory itranscriptional ifactor iNF-kB iby ithe iprocess 

iknown ias itransrepression i(de iBosscher iet ial., i2014). iGlucocorticoids ihave ithe iability ito iincrease ithe 

iexpression iof ithe iinhibitor iof ikB i(Ikβ). iThis icytoplasmic ichaperone iarrests itranslocation iof iNF-kB iinto ithe 

inucleus,  itherefore ipreventing iactivation iof iNLRP3 iinflammasome iand isubsequent irelease iof ipro-

inflammatory icytokine iIL-1β iwhich istimulates ithe iinflammatory icascade i(Schäcke et al., i2011). iEndogenous 

iglucocorticoids iare iknown ito ibe iproduced iby ithe iadrenal icortex iwhich iin iturn iis iunder icontrol iof ithe imaster 

iclock iin ithe iSCN ias iwell ias iperipheral iclocks iin iadrenal igland iitself. iMoreover, ithere iis ievidence iform ithe 

iliterature ithat iglucocorticoids iplay ia ikey irole iin iregulation iof iperipheral iclocks i(Pezük et al., i2012) i. iIn ithe 

istudy iby iAlex iY iet ial, ithe iauthors ifound ithat itreatment iof imesenchymal istem icells iwith idexamethasone 

istimulates ioscillation iof icore icircadian icomponents i(iBernal et al., 2014.). iInterestingly,  iemerging ievidence 

ifrom ithe iliterature ion irheumatoid iarthritis isuggest ithat iimplementation iof ichronotherapy iinto itraditional 

iglucocorticoid itreatment imay iresult iin ihigher ieffectiveness iof ithe itreatment iin ipatients iwith iRA i(Buttgereit 

iet ial., i2015; iCutolo, i2016). iThe idata ifrom ithe ilarge-scale iclinical itrials idocumented ithat imodified-release iof 

iprednisone iin iparticular ia inight-time-release iformulation iachieved igreat iefficacy iin iprevention iof ithe iacute, 

inight iupregulation iof ithe iinflammatory iresponse (de iAndrade et al.,i1964). iInterestingly,  ias iit ihas ibeen ialready 

imentioned ipreviously, iMSU-induced iinflammation iresponse iin igout iis ialso iknown ito ifrequently ioccur 

iduring ithe inight ior ian iearly imorning. iSurprisingly, ithere ihas ibeen ino istudies idone ito iinvestigate iwhether ior 

inot ithere iis ia itime-dependent ieffect ion iMSU-induced iinflammatory iresponses ifollowing ithe iglucocorticoid 

itreatment. iBased ion ithe ievidence ifrom ithe iprevious istudies ion iRA, iwe ihypothesised ithat itime iof ithe iday 
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iaffects ithe iability iof iprednisolone i(prednisone imetabolite) ito iregulate iMSU-induced iinflammatory 

iresponse, iparticularly iNLRP3 iinflammasome iactivity iin iTHP-1 imonocytes/macrophages-like icells. 

In ithe ipresent istudy, iwe iobtained ievidence ithat iprednisolone i(the iactive imetabolite iof iprednisone) iexhibits 

itime-dependent ias iwell ias icell-specific ieffect ion iMSU-induced iinflammation iresponse iin iTHP-1 

imonocytes/macrophage-like icells. iThe itreatment iwith iprednisolone isignificantly idecreased ithe iactivity iof 

iNLRP3 iinflammasome iat i0-12h itimepoint iin iMSU- itreated imonocytes icompared ito ivehicle icontrols 

i(Figure i3.21). iInterestingly, iat i12-24h itimepoint ithe icomplete iopposite ieffect iwas idetected. iMonocytes 

itreated iwith iPDN iincreased ithe iactivity iof iNLRP3 iin ithe ipresence iof iMSU icrystals icompared ito iMSU-

treated icontrols. iFurthermore, iwe ialso idetermined ithe ieffect iof iPDN iin imonocytes iin ithe iabsence iof iMSU 

icrystals. iAt i0-12h itimepoint iPDN ipre-treated imonocytes ishowed ireduction iin iNLRP3 iactivity iin ithe  

iabsence iof iMSU icrystals. iHowever, iat i12-24h itimepoint iPDN ialone i(without iMSU icrystals) iincreased 

iNLRP3 iinflammasome iactivity icompared ito ivehicle icontrol i(Figure i3.21). iIn iour imacrophage-like icells 

iprednisolone itreatment ishowed isimilar  ieffect ion iNLRP3 iinflammasome iactivity ias iin imonocytes i(Figure 

i3.22). iAlthough, iwe idid inot iexpect ian iincrease iin iNLRP3 iactivity iat i12-24h itimepoint iin imonocytes iand 

imacrophage-like icells itreated iwith iPDN iin ithe iabsence iof iMSU icrystals ithe isimilar iphenomenon ihad ibeen 

idiscovered iin iprevious istudy i(Busillo et al., i2011). i iSurprisingly, iglucocorticoids ihad ibeen ishown ito inot ionly 

iinduce ithe iexpression iand iactivity iof iNLRP3 ibut ialso ito isensitize iTHP-1 imonocytes/macrophage-like icells 

ito iATP-mediated irelease iof ipro-inflammatory icytokines isuch ias iIL-1β, iTNF-a iand iIL-6. iIts inoteworthy, ithe 

iauthors iof ithis ipaper ialso iraised ithe ipossibility ithat ithe icellular imicroenvironment ias iwell ias istage iof icell 

idifferentiation idictates ithe iactions iof icell iglucocorticoid ireceptors ifrom ianti- ior ipro- iinflammatory ipoint 

i(Busillo iet ial., i2011). iFurthermore, ithe ifindings ifrom ianother istudy ialso idemonstrated ithat iin ianother istudy 

iby iJohnson iet ial, idemonstrated ithat iglucocorticoids imay ienhance ithe irelease iof iIL-1β iand iIL-6 iin ivivo ior iin 

ivitro imodels iif iadministered iwithout iLPS istimulation i(Johnson iet ial., i2002). iBased ion ithe iprevious istudies 

iwe ispeculate ithat ian iincrease iin iNLRP3 iinflammasome iactivity ioccurred idue ito iPDN iability ito iinduce ithe 

iexpression iof iNLRP3 iwhich iconsequently iled ito irelease iof ipro-inflammatory icytokines iIL-1β, iIL-6 iand 

iTNF-a. iOverall, ithe ieffect iof iPDN iin ithe ipresent istudy iseemingly isupporting iJ. iW iYang iet ial ifindings, iwho 

iused iLPS-challenged imacrophages ito iinvestigate ithe ieffect iof iglucocorticoids ion iNLRP3-inflammasome iin 

ivitro.They ifound ithat iglucocorticoid itreatment iof icells iattenuated iLPS-induced iinflammation iby 

isuppressing iNF-kB/NLRP3 isignalling ipathway iand ithereby ireducing ithe irelease iof imature iIL-1β iand iIL-18 

i(Yang iet ial., i2020). iRemarkably, ithe ifinding ifrom ianother istudy iproposed ithat iglucocorticoids iinduce ithe 

iexpression iof ian iinnate iimmune-related igenes isuch ias iTLR2 iand iTLR4 i(Chinenov i& iRogatsky, i2007). 

iInterestingly,  iglucocorticoids isuppressed ithe iexpression iof ipro-inflammatory igenes iof ithe iadaptive iimmune 

iresponse iin ithe isame icells i(Galon iet ial., i2002). Although, ithe iresults ifrom ithese istudies iappear iparadoxical, 

ithose ifinding iare ifascinating ias iit ihas igenerally ibeen ibelieved ithat iglucocorticoids iinhibit iactivation iof iTLRs 
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ias iwell ias isupress iNF-kB iinflammatory icascade. iAs ihad ibeen imentioned ipreviously iREV-ERBα iacts ias ia 

itranscriptional isuppressor iof iNF-kB/NLRP3 isignalling ipathway. iIn ithe istudy idone iin ihuman iprimary 

ihepatocytes idemonstrated ithat itreatment iwith idexamethasone iled ito i70% ireduction iin iREV-ERBα 

iexpression i(Pineda iTorra iet ial., i2000). iThe iresearchers iproposed ithat ithere iis ia inegative iglucocorticoid 

iresponse ielement i(nGRE) iwithin iREV-ERBα ipromoter ithat idirectly iinteracts iwith iglucocorticoid ireceptor 

iand imediated iREV-ERBα irepression. iTherefore, ibased ion ithe iresults iof iprevious istudies iand ithe iunusual 

iresults ithat iwe ihad iobtained iat i12-24h itimepoint iin imonocytes iwe ipropose ithat ithe icircadian ioscillations iin 

iREV-ERBα iexpression icould ipotentially icorrelate iwith ithe iactivation iof iNF-kB/NLRP3 isignalling icascade. 

iThus, ifurther istudies ihave ito ibe iconducted ito iget ia ideeper iunderstanding ion irelationships ibetween 

iglucocorticoids iand iREV-ERBα iand ialso ito idetermine ithe ieffect iof iPDN ion imonocytes iand imacrophage-like 

icells iin ithe iabsence iof iinflammatory iinducers. i 

 

4.6 iLimitations 

In ivitro imodel ithat iwe iutilized iin ithis istudy iprovides ia istable, ireproducible, iand igenetically imodifiable icell 

iline iwhich imimics idisease iof ihuman icell isystem, ihowever ithis imodel ihas ia inumber iof icaveats ito iconsider. 

iIndeed, ithe igreatest ilimitation iof ithis istudy iis ithat iTHP-1 ibased imodel idoes inot irecapitulate ithe iwhole 

ispectrum iof ifunctional icharacteristics iof ia iprimary icell iline isuch ias iperipheral iblood imononuclear  icells  

i(PBMC). iAlthough, iTHP-1 icell imodel iis ia ivalidated imodel ifor imonocytes iand imacrophages-like icells, ithese 

imonocytic iimmortalised icell-line ithat iwas iderived ifrom ia ipatient iwith ian iacute imonocytic ileukemia iand  

itherefore iit iis inot ia itrue irepresentation iof ihuman imacrophages ifound iin isynovial ispace ior igouty itissue. iIn 

iaddition, ialthough iwe ihave ilimited ithe ivalid ipassage iof iTHP-1 icell iline ito ibelow i20, ithere iis ia ipotential iof 

iphenotype idrift ithat imight ioccurred iwithin iin ivitro iculture. iConsequently, ithe iexperimental irepeats imight 

inot ibe ias iconsistent iwith ieach iother. i iFinally, ithe igout iresearch iis icurrently irestricted idue ito ithe ilack iof 

iadequate imodels iof ichronic igout iand ialso iby ithe idifficulties iacquiring isamples iof itophi ifrom ipatients iwith 

igout. iAlthough, iin ivivo iair-pouch imodel iof igout iis icurrently iused ito iinvestigate ithe imechanisms iof iacute 

igout, ithis imodel iis inot ian iexact irepresentation iof ihuman igouty iarthritis. iThere iis ia ineed ifor ia idevelopment iof 

ian iin ivivo imodel ito istudy iof itophi iformation, iinvestigation iof iMSU-induced iinflammatory iresponse ias iwell 

ias icontribution iof icircadian iclock ito igout iattacks. 

However, ithe imalignant ibackground iof iTHP-1 icells imight ientail idifferent iresponses icompared ito iprimary 

isomatic icells iin itheir inatural ienvironment. iHence, idue ito itheir idistinct idevelopmental iorigins iand 

iphenotypic iattributes, ithe itwo icell imodels imay inot ibe ioverlapping iacross ithe ifull iresponse ispectrum, 

iincluding icross-talk iwith iother icell itypes. 
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4.7 iFuture iwork 

Immediate isuggestions: 

It iis iimportant ito iquantify ithe ilevels iof ipro-inflammatory icytokines iincluding iIL-1β, iIL-6, iTNF-a iand iIL-18 

ifollowing iNLRP3 iinflammasome iactivation iby iconducting ian iELISA iassay. iThis iwill iprovide ian iinsight 

iinto ithe ideeper iunderstanding iof iregulation iof iinflammation-related igene iexpression iby icore icircadian 

icomponents ivalidated iin ithe icurrent istudy isuch ias iBMAL1, iREV-ERBα iand iCRY1 iin iTHP-1 imonocytes iand 

imacrophages-like icells. iIn iaddition, ito idetermine iwhether iCRY1 iprotein ilevels iare iaffected iby ithe itreatment 

iwith iMSU icrystals, ia iwestern iblot ianalysis ishould ibe iperformed. iFurthermore, ithe iresults ifrom iprotein 

ianalysis iof iCRY1 ican ibe iused ito ifind iwhether ithere iis ia itime-dependent ieffect iof iCRY1 iprotein ilevel iand 

iNLRP3 iinflammasome iactivity. i 

In ithis istudy iwe iconducted ia iseries iof iexperiments ito iinvestigate ithe ieffect iof icore icircadian igenes isuch ias 

iBMAL1 iand iREV-ERBα ion ithe iactivation iof iNLRP3 iinflammasome. iBased ion iprevious istudies iand iour 

ifindings, iwe imay ispeculate ithat iactivation iof iNLRP3 iinflammasome iis idirectly irelated ito iNF-kB isignalling 

icascade. iTherefore, iit iwould ibe ibeneficial iin ithe ifuture istudy ito iinvestigate iprotein ilevels iof iactivated iNF-

kB iand icompared iit ito ilevels iof ip65 iin iMSU-challenged iTHP-1 imonocytes/macrophages-like icells. i 

Suggestions ifor ifuture istudies: 

Although, ithe icurrent istudy iprovided isome imeaningful iinsights iinto iunderstanding iof irelation ibetween 

icircadian iclock icomponents iand iMSU-induced iinflammation iby iusing iTHP-1 icell iline, ithese iresults istill 

imust ibe iinterpreted iwith icaution ias iit’s inot ia itrue irepresentation iof ihuman iderived imyeloid icells.  iIt iis 

iimportant ifor ithe ifuture istudies ito ivalidate ithe iresults iof ithis istudy iin iprimary icell iline. iPerhaps ithe inext istep 

iwould ibe ito idetermine ithe ieffect iof icircadian icore icomponents iin imonocytes iand imacrophages iderived ifrom 

ipatient’s itissue. iHowever, ithis iwould ibe ia ihard itask ias iit  iis idifficult  ito iperform ia icomparison ibetween 

ihealthy ihuman imacrophages iand imacrophages ifrom idamaged itissue. iThe ihuman imacrophages iare ivery 

isparse iin ithe ihealthy itissue, ithus iits ichallenging ito iobtain iboth ihealthy iand idiseased itissue iat ithe isame itime 

ifrom ia ipatient iwith igout. iHowever, ithe ifuture istudies ion ieffect iof icircadian iclock ion iMSU-induced 

iinflammation icould ibe iperformed iin iex ivivo icadaver. iEx ivivo icadaver isamples ifrom ithe ipatients iwith igout 

ican ibe iused ito iobtain iand icompare imacrophages ifrom ihealthy ijoint iand idiseased ione. iAs iit ihas ibeen 

imentioned ipreviously icurrent iin ivivo imodel iof igout iflares idoes inot iexactly irepresent ithe iorigin iof ihuman 

itophi iformation iand icannot ibe iused ito iinvestigate ichronic igout. iAnimal ispecies ialike ihumans idon’t ihave 

iuricase igene imutation iwhich ipredispose ithem ito iMSU icrystals iaccumulation iand isubsequent igout iattacks. 

iInterestingly,  ithe iresent istudy iin ilarval izebrafish idemonstrated ia iperspective imodel ifor istudying iMSU-

induced imacrophage iimmune iresponses i(Hall iet ial., i2018). iThe iresearchers iused ilive iimaging ito iinvestigate 

imacrophage iresponse ito iMSU icrystals. iAccordingly, ithe isame iin ivivo imodel icould ibe iutilized ito istudy ithe 
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ieffect iof icircadian iclock igenes ion imechanisms iof igouty iinflammation. iThe ilive iimaging iwould ibe ia igreat 

itool ito iget ia ideeper iunderstanding iinto ithe itime-of-day ispecific ieffect iof icircadian icomponents ion 

iorchestration iof iinnate iimmune iresponses. i 

 

4.8 iConclusion i 

To iour iknowledge,  ithe icurrent istudy iis ithe ifirst ito iuncover ithe ipotential ieffect iof icircadian icomponents ion 

iNLRP3 iactivation iin iMSU-challenged iTHP-1 imonocytes/macrophage-like icells imodel. iThe iresults ifrom 

ithe ipresent istudy isuggest ithat ialternations iin iexpression iof icore icircadian icomponents iincluding iREV-ERBα 

iand iCRY1 iproduce ian ieffect ion iMSU-induced iinflammatory iresponse iin iTHP-1 imonocytes/macrophages-

like icells. iMoreover, ithe iresult ifrom ithis istudy idemonstrated ithat iboth iREV-ERBα iand iBMAL1 iregulate ithe 

iactivity iof iNLRP3 iinflammasome, ihowever ithe iexact imechanism iof itheir ianti-inflammatory iactivity iis iyet 

ito ibe idetermined. iAlthough ifurther iwork iin ithis ifield iis inecessary, ithis istudy iprovided icircumstantial 

ievidence iof icircadian iclock iinvolvement iin iMSU-induced iinflammation. iIt ican iserve ias ia icornerstone ifor 

ifuture istudies iin iunderstanding iof irelationship ibetween icircadian iclock iin iinnate iimmune icells iand iMSU-

induced igouty iinflammation. i 

 

 

 

 

 

 

 

 

 

 

 



116 

 

Appendix iA: iList iof iReagents iused 

 

Chemical/ iProduct Catalogue 

Number 

Suplier Method 

RPMI i1640 i500ML i(RPMI i1640 

iMedium) 

11875093 
Life iTechnologies 

Cell iculture i 

Penicillin-streptomycin i(10,000U/mL) 15140122 
Life iTechnologies 

Cell iculture 

Fetal iBovine iSerum i(FBS) MG-FBS0820-

500ML-GEN 

MediRay Cell iculture 

PBS, ipH i7.4 i10x 10010049 ThermoFisher 

Scientific 

Cell iculture 

DMSO 1029521000 Merck Cell iculture 

phorbol i12-myristate i13-acetate i(PMA) ab120297 
Abcam 

Cell iculture i 

Lipofectamine iRNAimax 13778075 ThermoFisher 

Scientific 

RNA iknockdown 

Lipofectamine i3000 L3000015 Life itechnologies RNA iknockdown 

esiRNA itargeting iEGFP i(esiRNA1) EHUEGFP-

20UG 

Sigma iAldrich RNA iknockdown 

esiRNA itargeting iEGFP i(esiRNA1) EHUEGFP Sigma iAldrich RNA iknockdown 

Ad-GFP-U6-h-ARNTL-shRNA 
shADV-

201453 
Vector iBiolabs 

Virus 

Ad-h-ARNTL ADV-201453 Vector iBiolabs Virus 

Ad-CMV-GFP ADV-1060 Vector iBiolabs Virus 

Cell ilysis ibuffer iII AM8723 ThermoFisher 

Scientific 

cDNA 

DNAse iI i(2U/uL) AM2222 ThermoFisher 

Scientific 

cDNA 

dNTP iMix RO193 
Life iTechnologies 

cDNA 

DNAse iI ibuffer i(10x) 81706 ThermoFisher 

Scientific 

cDNA 
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Random iprimers i3ug/uL 48190011 ThermoFisher 

Scientific 

cDNA 

First iStrand iRT ibuffer i(x5) 28025021 ThermoFisher 

Scientific 

cDNA 

DTT 43816 ThermoFisher 

Scientific 

cDNA 

MMLV iReverse iTranscriptase 28025021 ThermoFisher 

Scientific 

cDNA 

DEPC-Treated iWater i4x 

100ml 

750024 Life iTechnologies 

 

cDNA 

Trizol ireagent 15596018 
Life iTechnologies 

Trizol-cDNA 

RNaseOUT 10777019 Life iTechnologies 

 

Trizol-cDNA 

Direct-zol-96 iRNA ikit R2054 Ngiao idiagnostics Trizol-cDNA 

SuperScript iIII iReverse iTranscriptase 18080085 Life iTechnologies 

 

Trizol-cDNA 

18s iprimers W58453100 ThermoFisher 

Scientific 

PCR 

SYBR iSelect iMaster iMix 4472920 ThermoFisher 

Scientific 

PCR 

Random iPrimers i 11034731001 Sigma-Aldrich PCR 

Hs_ARNTL_1 iQuantitect iprimer iassay 
QT00011844 Bio-Strategy PCR 

Hs_PER1_1_SG iQuantitect iprimer 

iassay 

QT00069265 Bio-Strategy PCR 

Hs_PER2_1_SG iQuantitect iprimer 

iassay 

QT00011207 Bio-Strategy PCR 

Hs_PER3_1_SG iQuantitect iprimer 

iassay 

QT00097713 Bio-Strategy PCR 
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Hs_CRY1_SG iQuantitect iprimer iassay 
QT00025067 Bio-Strategy PCR 

Hs_CRY2_SG iQuantitect iprimer iassay 
QT00094920 Bio-Strategy PCR 

Hs_NR1D1_1_SG i(REV-ERBα) 

iQuantitect iprimer iassay 

QT00000413 Bio-Strategy PCR 

Hs_CLOCK_1_SG iQuantitect iprimer 

iassay 

QT00054481 Bio-Strategy PCR 

TLR4 
QT00047937 Bio-Strategy PCR 

CD14 QT00046382 Bio-Strategy PCR 

CD36 
QT00039648 Bio-Strategy PCR 

Promega iCapase-Glo-1 iInflammasome 

iassay 

PMG9952 In iVitro 

iTechnologies 

Caspase-1 

 iPrednisolone ab-142351 Abcam Caspase-1 

 iHemin i1g 51280 Sigma iAldrich Caspase-1 

SR-8278, iREV-ERBα iantagonist ab146173-5mg Abcam i Caspase-1 

Tween i20 FSBBP337- 

100 

ThermoFisher 

Scientific 

Western 

B iactin iantibody sc69879 Santa Cruz 

Biotechnology 

Western 

GAPDH iantibody i G9545-100UL Sigma Western 

NF-KB iP65 iantibody i100 iUG i MA1186 Life iTech Western 

Phospho iNF-KB iP65 iantibody i MA515160 Life iTech Western 

TLR4 iPolyclonal iantibody 482300 Life iTechnologies 

iNZ iLtd 

Western 

NMDAR2A iPolyclonal iantibody 
RDSPPS012 

In iVitro 

iTechnologies 

Western 

Goat ianti-rabbit iHRP isecondary ia/b A16104 ThermoFisher 

Scientific 

Western 

Secondary igoat ianti iMouse i(B iactin) 

antibody 

ab97046 Abcam Western 

RIPA ibuffer 89900 ThermoFisher 

Scientific 

Protein ipreparation 
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Pierce i660 ireagent 22660 ThermoFisher 

Scientific 

Protein ipreparation 

Laemmli iSample iBuffer i(4x) 1610747 Biorad Protein ipreparation 

10x iTris/Glycine i(Running iBuffer) 1610734 Biorad Western 

Methanol 1060092511 Merck Western 

10x Tris/Glycine/SDS (Transfer 

Buffer) 

1610772 Biorad Western 

Precision iPlus iDual iColour iprotein 

ladder 

1610374 Biorad Western 

Skim iMilk ipowder LP0031B ThermoFisher 

Scientific 

Western 

25x iTBS i(pH i7.4) ab64248 Abcam Western 

Clarity(tm) iWestern iECL iSubstrate 1705060 Biorad Western 

Criterion™ TGX™

 Precast Midi 

Protein iGels i(4-15%, i26 iwell), i15ul 

5671085 Biorad Western 

CyQuant iNF iCell iProliferation iassay 

kit 

C35006 ThermoFisher 

Scientific 

Cell iNumber iassay 

Precision iPlus iDual iColour iprotein 

ladder 

1610374 Biorad Western 

Skim iMilk ipowder LP0031B ThermoFisher 

Scientific 

Western 

25x iTBS i(pH i7.4) ab64248 Abcam Western 

Clarity(tm) iWestern iECL iSubstrate 1705060 Biorad Western 

Criterion™ TGX™ Precast Midi 

Protein iGels i(4-15%, i25 iwell) 

5671085 Biorad Western 

CyQuant iGR iCell iProliferation iassay 

kit 

C7026 ThermoFisher 

Scientific 

Cell iNumber iassay 
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Appendix iB: iBuffer iand iRecipes 

 

1x iTBS-Tween iSolution 

960 imL iof iMQ iwater i 

1 imL iof iTween i 

40 imL iof iTBS 

 

1x iSDS iRunning iBuffer i 

100 imL i10x iTris/Glycine iNative irunning ibuffer i 

900 imL iMQ iwater i 

 

1x iTransfer iBuffer i 

100 imL i10x iTris/Glycine iTransfer ibuffer i 

200 imL i100% iMethanol i 

700 imL iMQ iwater i 

 

RIPA iLysis iBuffer i 

1 iuL isodium ifluoride i 

1 iuL isodium iorthovanadate i 

1 iuL iPMSF 

Made iup ito i100 iuL iwith iRIPA iLysis iBuffer i 
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