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cioeconomic factors will contribute to can
It is predicted that countries with | ow
perience higher Il nci @By Pedi tvear @ xtuesn sciavnec

o o 9 0 a9 O

nduct research into cancer aetiology, 1incl

]

|l esaghal ling networks(bd8) gemesr amamegirmg eti h

o
s
X
o
e
ause of deat h( 15h e&r7e fcarnanharsi eesn undeni abl e b
e
h
a
e

> O

alth globally. Additionally, cancer has th

—

e 15 highest c(@lu6)eTso oofv emarotmeel itthye detr i me.l
ncer places on the economy and healt h, mo r

qguired.

NGB W6 Rt qYG YNRHACGWHGCEC! ¢ Haqll Rt qRHI
The tisspkaywysigikey role in the classificat
cancers. Therefore, cancers ar e broadly C 8
subtypes depending on the specifidllt7i)Fdues a
classification is i mportant i n diagnosi s b
associated prognosis and treat menti rnopltudes.
carci nsamasomas, ' lyenpbh@gnayissglso maasl a combinati o
these categories can resu(i18jamcanmmasedahi st
epithelial cells, while sarcomas devaehdp in
s

oft ti ssue, whi ch account for approxi mat e

-

espectliv,el Bpyhomas| eamklaemi as ormgunateelfr ® ma

cells within b(2bd, 2My)ed pamatsi wWelvye |-prpo d Uy wimMm ga n
pl asma cells in(2Neuboraandomari ow tumpmwmdés ar e
t umowirt h its own, cwhraebtdevetopsfrom haweoen
nerve cell -panddbhoir mp e ri ageiftmsotra ntadif s sduever se or

N ®



(24) However, neuroendocrine tumours have no
hi stol ogi cal semavat subtgme ot Aer outumooe b0

hi stol ogical subtgpegichascskifhesati oanaaeads i s

Carcinoma
Cancer originating from
epithelial tissues (skin,

body cavities, organs)

Sarcoma
Cancer originating
from bones and
soft tissues

Mixed: Cancers

Lymphoma derived from more
Cancer originating than one tissue
in cells of the lineage

lymph system

Leukaemia

Cancer originating
in blood-forming
tissues (bone
marrow)

e’

Myeloma
Cancer originating in
antibody-producing
plasma cells

Fi gur &he histological types of cancer.

This schematic illustrates the primary hi st
tissue of origin, i ncluding carandompael sma c
Figure anr éBatoReender . com.

N KNGS Wl G G ¢#t OFwWY n LW

There are sever al hall marks which initiate
involved in canker ttidedvéel lomparekns ovwod £ ciameycke r
Dougl as Hanahan and Ro(b2b5hhi Wei abemrgas nu20€0O0t
six essenti al capabilities which cancer cel

sustaining spgrgmlail fleawvreegtiinvgg gr owt h suppressors,

=M



enabling replicative i mmortality, Il nducing
met ast{2adlins 2BldaBahan proposed an additional t
and two enabling characteristics of cancer:
avoiding immune destruction, and geneme i n:
promoting i1 nfl amnatdi)oen,e irgehstp ecchta rvaecltyer i sed hz«
are displayed in Figure 1. 2.

Evade growth
Evading suppressor
apoptosis signals

L]
.G L]
Reprogramming X o3t/ ‘; Insensitive to

cellular °e anti-growth
metabolism signals

Hallmarks. of
cancer —
VEGF . /,.s-!/ Evade immune
Angiogenesis ) reg#latlory
induction \/ mechanisms
MPODIT
Dysregulated
replicative Invasion and
potential metastasis
Figure 1.2. The hall marks of cancer.
Thi s schemati ccudirsepnitalyys etielgdotg nihsad d mam ks of
representing key Dbiological deyabiolpimeing s &a

created using, Badvapptnaderf com an( %) gi nal publ

The =eight aHalnlgmardies t he two enabl i mgtchhar ac
foundati onal framewor k troatumedrertshaamdadtaicn @r i
opercadlel etbi sabhpe cancer lIcneltlurbne h acvio eosueri alt len

to the gdtymaaoent €r e andt fmawr i minc rode nvhier onment

N



NP UWRUY RNE6qUWRUqYWaq6 WWagedYel WaRAT
Cancer cells cannot thrive in isolation; the
i mmune and emxattrraicxe lcloumpaornent s kreoWMEwbl cbdci B
essential for their sur(v2i8)ae, TMEowt aysand oro
in cancer devel opment . Within the TME, can
dependent stromal cells from surrocadeeg t i
associated(CABs plli potcyt es an2dd )Btl @loldatve scsell Is:
contribute tochtbei dMBypasi a resul ts i n I N
chemoki nesCXxQlch2,aswhich directly pro¥dnd)e tu
Angi ogemesfiegrmati on of mleaw 9| a oodo nvteisrsued s an
physiological processes including bone r emoc
wound hé8Lh) Hogwever, tumour cells develop a
enabling them to promote dysreSdddlattd tblomowdr
angiogenesis being a major driver in cancer
efforts have explored the potenti al Bor ut i
tumour angi oReemesrstilsy a adlytrioisn inkej nkiiheatso r

admi ni st ecroendaitn avmnt h -L PDePrDLi ant i body i mmunot
treat medthown to downregulate tumour angi oge

grade serous EP¥3dI)heaerextamacel | uwiatrh imma tltrdi sxe §{ \EEC M

its nor mal physiological architecture in ca
antli bronectin deposiBEGMnNst iWBfddehshse ser madeBi ca
to the ECM enhance tumour cell (BrUddridevart,i o

t umeausrsoci ated macrophages (TAMs) represent c

cel | types within the TME,kewhcihcahr agcet neerriasltliyc seé
prtoumourigenic medi-A® or YEGR c l&andi wigiGEhL pr o mo
met astasi s, i mmune ev ads3i50ml laemdt iamegli yo,g esneevsd rsa

including TAMs, endot hel i al cells and CAFs,
chemokines and cytokines to promote an i mmu

tumour growth c&®6be maintained



NXASIaGYt RUDHt WRUWgq6 WWaeadYel WaRAT YIIL
Chemoattractant cell s psmalulces al @ bcluyetioské cnieesto d
known as clé&mbokWwmesh promote migration of se

t heME which subsequently promote or inhibit
(37,. 3Bhe roles of chemokines are distinct,
di fferent i mmune cell types which can eithe

i mmunosuppressivien ftuhnectd hbenmsbleir @ e5 &n ecthveomokk,i nte
|l igandspro2i®@ coupled receptor ( GPCR) fami |l
chemokine recepd3®0Bo nVALrKtRisgn a | chemokine rec
intracepgratt@airnsG and are typically found on
preferentitmarlirye setnignageend are expressed on a b
notably endo4bheCdmdeqguwrdnntsl y, ACKRs goone@t ni nc¢
signalling but instead regul ate chemokine | e
degradation f4lt)heir | igands

Through bi nding t o t hheeimmo k c D g B a pperoo BB @St i C
tumorigesi byefetgatating i mmune (c3e8Ni t hiramff hek
TME dysregulated chemokine expression drives
cells such as regul at odegr iTvede | duwp p(rTe sesgosr) , ¢ en!
tummassoci ated neutr ophrialss o(cTANs)d, marcd otptlhmg e

which therefore supp¢B8BB83 tumour progression

Chemokine I|lc¢glgasndisffiasmd fiamijd,i eC, CXC and CX3C,
are distinctively identified by theaZBeeaguence
CXC chemoki nédasulbfeeemi Ipyagltli cautl adil gddue ftance
centr al role in angiogenesi s, i nin#u3n, e A #icde) | | r
out | iOXe@C mé mokt hebsr respecand et hreecregitrorpur pos
| i goaedept or issi gdreglilcitregl) i n (Tabl e 1.
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Table 1. 1. A description of the CXC chemoki
and the i mmune cell types which promote thei
CXC Main|Ligan I mmune cell s wh Refere
Recep| recepl CXC recepto
pur po
CXCR1l| Neutrg CXCLGgNeutrophil s, fi (467)
recrui|] CXCL{endothelial cell
CXCR2| Neutrg CXCLINeutrophil s, fi (4567)
recrui|l CXCLZ2endothel i al cel
CXCL3natur al kKill er
CXCL3endothelial <cell
CXCLE€
CXCL,
CXCL¢
CXCR3 T cell CXCLY{Monocytes/ macrop (4B3)
mi grat (Mig/ Ch4+ T cell s ( ma
CXCL211) , Cb8+ T <cell
(IFP0)(cel l s, natur al K
CXCL1
CXCR4/Haemat| CXCR1Dendritic cell s ( 5%9)
(CD1s8 esis|CXCLlcell s, monocyt e
(mainly T hel
eosinophils
CXCR5]| T cel |CXCLLYTreg cell s, Thl (6®2)
cel l follicular B h
macrophages, end
CXCR®G6 T cellCXCL1INapve CD8+ T cel (6685)
appear to be i mp
cel |l priming/fu
CD4+ T <cell s, n
natur al Killer T
CXCRY T cellCXCL1CD4+ T cells, mo (49, 5
( ACKR CXCL 1 6 66 8)
CXCR8 Monocy CXCL1lMonocytes (69)
( GPR
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To understand how tumours arise or spread wi

understand the unique and dynamic processes

and r emoRlednd imgmodel |l ing is a continuous and
opti mal bone health. Bone remodelling is a
genetic, environmental(78npdhih®r pooaless achai
formation by osteoblasts, specialised mesenc
bone marrow stroma and 7dtiBpeei oemedk!| sunfiaact
the degradation of old bone, which is mediat
from macrophages in72h€r bssealmar betwween o0s't
osteocl asts -thoye ldi rceocntt accetl lor i ndirect produc
homeosti{ &a8i) slowever, dysregul ated activation
infl ammatory bone processes,(74n®©lshuediormdg asheu
osteoblasts have very distinct functions anc
from a haematopoietic stem cell l i neage, whe

step process originating from mesrenoliyncadl |

di fferentiation | eading to osteoclast and o:s

11
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Osteoclast Osteoblast

differentiation diffararitiation
Haematopoietic ) Mesenchymal
| stem cell stem cell

Preosteoblast

| Osteoclast committed to

i piecUison osteoblastogenesis
Uninuclear
osteoclast v
Osteoblast with the ability to
l promote bone generation

Polynuclear
osteoclast

Osteoclast with the capability to
degrade bone

FiguBe MAotline of cell differentiation event :

and osteobl astogenesi s.

Bone resor ptsitoeno c koarsitgsi,nabpe from haematopoi
Mesenchymal precursors can differentiwdt e&hi ni
promote bone d®ena@rnatailorf i gure created on Bio
frdm3)

NYRI S ¢ | ¢ HaldW RylxYd RY UANYOme L
When bone homeostatic processes become dysr e

canceépbse cancers ar e rar e but of ten ar e asSso

and I mposing detrimental effects on quality
mal i gnant bone tumour and is diagnosed in on
ever gr ywor l(dwi,de7®S ¥#¥6@6mours are made wup of
promoting I mmature bone generation, (f2&Bultin
Similarly, Il i nks have been demonstrated
osteocl astogenesi s, wher e reduced osteocl a

11
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chemoresistant Of7.pMht il entmosdmpltdéder cancers t

a mts It teip process including hyper pl asintdu, dy
Ssubsequent cancer I nv asd dme soliraotte ssluear | ypr den
premalignant |l esi ons. lonfd e@&ls, e sa paprriogke andhd e h iy ¢
tumours with no knowm)precursor | esions

The bones frequerbtalrye ilmmactbhodelsy Oncl udi ng |
and (7Bias80depicteddON iFsi guarregilnal 'y more cor
and -ngkated incidence of OS is bi mb@dayeat he
olds duri-ngl pubeér gyowt h sbermsajority of OS
individuals undeanthehpgalkotdre@d ®cted in adul
age of8l,5TB2ye is a |l ack of research surroun
and it is not wel/|l understood why these two
OSHowever, an observation that can be made f
OS preferentially affects those that are rap

an age group where bone resorption is obseryv

11
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. Commonly affected

bone
Humerus

(10%) \

Femur
(42%) — e

(19%)

Figude The commonly affected bO®Res and speci

The proxi mal humer us, di st al femur and proxi
OSonsetatiSstics wused in thigqgd7B)Gugeraeceeab
Bi oRender. com.

The aetiology of OS is also not fully unders
been conducted to identify common factors w
analysis study was conducted in 2020 coll at ¢
previldusyear s, including a total of 18126 p
themes affecting OS pr ogrmrodsiedviee@vl e rfaalclt,o rtsh iass
with poor prognosis including males, ol der i
bei ngvi 6h extremities, proxi mal tumour s, | a

amputation surgery, and8.8pAddirtgii camdd tliwmty einwhe |
utilised data from the Surveillance, Epi dem
20028016, -,th&@&ndly &ar survival rates foll owing
87.3%, 67.2% and 58.40Howeeepectiinvainyt her st

data from Chinese patients under the age of

and May 26yle%,r tshuer vi v al rates for nonmetast at
were 52.1% and 2.(68%,) AdespeoniaVveélyy -grSadies of
mal i gnancy which is detected following | ung

Y



OS patients wi(t8he, meBivTs s asdesgnmonstrates the poc

i ndividuals with OS, particularly those witdt
surgi cal resection of t-theugafc¢leemetdh earragpay aw
successful in ovVeBr8)HoWeoferpat henresult of su
of ten amput ati on-l, asctainngl enaevgeat i omeg ef fect s or
adol escentanpanpirenvtesment to the | ack of treatr
related to OS in the |l ast(8WMhpedraxskhave thae.
t herapies and contispedi rie¢ci ameat meantnsonl i k

ombined with the poor prognosis asseedated
or the discovery of novel therapeutic drug

urther reduce the need for sur gaincdald arneasgeec t

o — —+" O

ones, a cOsaparie&t ¢ opwodd ardion eestcleyn t

NGl 6 1J WNY- RO #HY GO
OSoriginataesdi ofbeneari ses during adol escent
certain features of its TME are uniquely sh:

specific facit@misqudhin EEMn®S dcuaen ctea st He kmei ner

bone tiss@®arwlserse The increasedOSpriofnionteesss o
YAP/ TdreZpendent whigol!| | srOffdaealkketdopment and met
(900S ceslelcgsete increased matri x mefalalnodpr ot
MMR9, which contribute to ECM remodelling, e
l un@g.1l) Sever al C 0 MpECHVE nitnd n@F udheg i ncreased
fibronectin, l ami npnomanhd @Boudeovegl ppaesni , m

chemores({8@®Dmmeceée o these factors, cloildmgrenl @wal
heli x repeaandohtagenngyfe) larad pahlas ol ccdirarienl a't
increase in moin ©O&8Mhiitsy maaktees isni gh&al | i ng pat hw

ECM favourabl e pharmacol ogical targets in OS

The ECM acts as a reservoir to store chemoki
secrete ¢ heomorka mrewsi t I mmunosuppressive cel |l s
There are sever al chemokines which have been
CXCR1 and CXCRRe lfigasdschdmokine di-8rpvared

=0



CXCR2 ligand. Since, CXCL3 and CXCL5 have be

potent CXCR2 Il igands, respectivel y. Regardl
concentrations, considering the relatively
under pat logp ltyad i ocrodbsEeaT vean ¢ er . The CXCR2 ax
particul ar i nterest in OS, as studies have
signifimamedsyed in OS cell l'ines including

cancerous osteobl 694) hlrotBiennn,9 tcled | st udy r eve
gene knocks dRiNMA b yn Uu20S <cel l s reduced Uuz20S

interestingly, overexpression of CXCL5 in hF
cel |l i (MPi4d)Hr ghi €EXCL5 mRNA expression and | ow
i ®Spatiwas$ sl i mkeld ff @rence in prognosi s, wi t |
60% survival r.at®ehi sresmpectuvehgr -segpatreéeed
effect on distant metastasis onset, which w

with high CXCL5 expression and 4/20 (20%) OS

CXCR1 and CXCR2 ligands ianl slounpgl anye taa stt3awsd isa li
Additionally, CXCL8 was found to upregul ate
63, by increasing i nvasstiaogne aanpdo pd ©® 16 e d $aiecntgi Vv

CXCR2 axis in particular results in neutropl
N2 neutrophils and to dat e, sever al studi e
neutrophil extracellular traps (NETs){97nh enh

98) I n the contestudly O8enti feedn®7 di-fferen
rel ated genesmebteasweaetni cnoaond metastatic OS p.
underpinning the i mportan(cedod CXERALXLRI2S aixs

pivot al i n W hdédi O hMEncer associated fibrobl
CXCL12 which preferentiallrnyedeBH&ERLA O i he mog
universallyperpeeaseduf@l ed receptor (GPCR),

to CXCR7, both of which are highly aergresse
promote metastasi ¢ 1i0litD 2s)eAvdedriatli ocnaanlicleyma lIpy €ivs 0 L
studies have demonstrated a | ink between CXC
OS(10&8pllectively, chemoki nesT MEl aaynldiai near tuecli ya

enhance cancer devel opment and metastasis.
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Like other cancers, OS is influenced by the
cancers are |inked to distinct gene mutati o
oncogenionocpbpgant ¢, depending on the cancer

typicatlt | gssociated with inherited genes, but
mutations due to radiation (t8Wer alpydlhenl &r5ap ied
several studies which have highlighted where
mut ations have been | inked to OS onset and g
t hpene entcomouwmmg prot,eitrypi I allps3)a tumour supp
mut ated gene in OS. Mutations in other tumo
associated with promoting OS, including PTE
Many odeftilengeidgenet i canndutgaetnieo nesx pr ewlsii om kdae g
beelnn nked to OS are $%2.mmarised in Tabl e

ON



Tabl e

1.éexprCGesnsei on changes oatneo snat @adt ma.ns

Protein Functi on Preval ence
Tumour prgA tumour suppressor, p53 in its |Gain of function n
(p53) of osteobl astogenesis by downreobservederi nod@S c a
transcrip{(il@f)P5a83cticsr ¢« he most (mMma|(109)
However, studies have demonstr a
mut ations when p51@2@8) mutated ir
RetinoblastRB1 is a tumour suppress&r(ldéne RB1 mut atcicams -415n% 3

(RB1) patiEe@ehlls)

ATRX Recurrent ATRX mutations h&v(el lEATRXmut as i owmhi ch | ¢
Additionally, decreased ATRX expdecrease in ATRX n
tumour growth, kBt astganilSH ildgd i NFare f odA63d0 % hl4)

DLG2 DLG2 i Stamo0Or suppressor, but BIDLG2 mutati ons h av
(112,. 115) 53% 0OS p@li@)nt s

PTEN PTEN acts as a tumour suppressorPTENoiss$ -1i3n% 60S p@ti
the Pl 3K/ AKT/ mTOR signalling pat
gene mutations of PTEN1i2sull7)n

COPS3 COPS3 gene is uppgegdEatendd iICOPISI3An increase in CO
are al so(dier véad) observed in JU%BIYPS

PMP22 PMP22 mutations and increased PNAmplificatioh7pdip.12
enhancSsodhc@wgephes2s 120) cont aPMP 2233 has been

1329%S pat(ile2nlt)s

MAP K7 MAPK7 mutations were repeatSqdlily MAPKY7 i s awirtehgiino n

(17pll. 2Ap2AIBYH OS p
(121)

NCOR1 NCORIi s generfaillé¢d a«d aas stiunboutr istusp ] NCOR mMut ati ons eal g

are associ a(tled2)wi t h OS 9/ 208 (4 %) OS s amg

COSMI C catalaguk2?

UBB UBB mutations ar eS(alsls2o0ci ated wi ttUBB I s wi thin t he
MAPK 7, COPS3, NGOH

which is increasg¢éed

O
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cidence of U

n
wi dely reported, h
of this region-2Db8% i
pati ent sedasahboouvtel.i n
LSAMPS3 LSAMRPS3 mut ations ar@S(asig9gci atedLSAMBenexpression
shown to beappdaoxe
60% of OS (42 P!l es
CCNE1 CCNE mutations have been observVOne study reported
i ncidences a(clrloxs,s 1s24u)di es mut ati @&ifs whmi |l e an
utilising 63 GSpmapl ¢
demonstrated t hat
di splayed amplifie
(112,.1h24not her st
patients possessed
(125)
RECQL1 Mut ations i nhavwve bRELCQLIIdéaRb6)i ed Mutations in the R
i n 3@patients in
(126)
GNAS There appears to be a | ow incid{Sequencing from a
OS patients, parti-gnud de(llgSM)h&O)se [OSpatients showed
mut ations in 5 pat
R201C mutations (
substituted with a
201) and 1 whi ch
mut ati on (where ar
with a histidin(el?2a
This mutation does
particularly promi
study showed no G
par osteadigr ana( 1R

(0} 0]
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Given the rarity of OS andi 9 olniemictaenct erress @ anr @
t o identifying new theAdagi teisonfadrl y OS dueedtor
knowl edge in the fundament al C a upsreosg noefssOS d-
been madedebwvemetnpte foffect i ve diagnostic met hods,
in tammarmhuevel oping a viable therapeutic dr
ar e additional chall enges, including sampl
het erogeneintcyonasn st encies across clinicals,
apply research findifd22%Funt lcdrnmoiceal t hperraacp e
i nhi bitors and monocl|l en@lIr ogn tecid lsi endi iscéadl awtlei c h |
shown | imiteo®& &tfifeltdh®@ Q)

NMHE Jgct qc¢ct Ut WagYWagd WWHYUDWeEWHYUT ¢

Met astases to the bone are generally <chara
secondary(radh)Beme is the most commosnt ssgd e o0
breast cancer patients;stasyeobhserasad Cihh4£ks % pce
Bone metastases are compl ex, exhibiting oste
depending on radiographic appearance of | e
secondary tumours appear as dense | esions &
resor petsipoenc,t(iln@el)yhi s demonstrates the mul tif.
secondary 0S. Therefore, mor e research i s
understand the mechanisms by which signallin

and metastasis to the bone.

NMO®l ! q Yol RURCG q IJT WHAMOGUI YR U ¢FOYOOREU N
Taunder OtSaindhi n a cmoltbeaxstila,r understanding the
promote an i mbalance in bone homeostasis 1is
understand the cellular signalling pathways
and how these effects wiQSdier etl o memnn e haérhe rierf

i mmune cells whiclytoé&ieaseaddstihemectr rol es i

osteocl ast 9drevteil @op memhmarmriesedl3i n Tabl e

on



Tabl3® WM. table depicting bbBéeeonblasof faoptokbnesos@®ocl ast functdi
Cytokjf | mmune ¢ | mpact on ost |l mpact on osteocl 3 | mpacOSon
whi ch r € function
cytoki.
I {1a MacrophaggThedun-t &rmi nal KK |1 al on@anniontdwcsed eocl astoggldlapr omodewecanhcer sada
dendri t(ildand p38 MAPK patlihy|! i mi tleRd olnL bone@emanvedw magbeen | ithSded etchd2y4)
lasii nduced apoptos but over expHR,saslil odmistod c t i
) N FkB, JNK, p38, and ERK
osteoblast {didBF7e¢rdpromotimgteocl astogea@plii
laupr egud attlteespsiGSFK and PG(Q
downregul ates OPD expre
promoting ostefpdB&sa) f or 1
I {1b Monocytes, Ildbsti mulmeseswnchymaBone is the most sld isliB#lb || lbbpr oduced by M2 macr
macrophagegcel | di fferentiat|{promotes osteocl ast p,n OS met astasi s-kB/ bl Bat
dendri t(ildland reduces oste|losteocl| ast recruitment, 5p/ RASSF1A/ Wnt ( 1s5ilg n.allln
(146,. 147) and is r elg\Nia-reduded bone|breast cancer ,| {b@mre mo
(148 0) t umogurowt h by a-kB iamd i
pat hways, resul ti©hdys B
lband its rkeREeEpapeeguilly
bonmeet asthateiacs t cancer
(154 Hb has been l i nke
resi sthrmsibgene pol ynaorr
associated with OBwers
0f31 CCIl#Hasl1TT genot ytphe
-:31C allele det ec(tlehds )i 1
TNR Mainly TNR reduces ol TNRenhances RARkKle pamd A(TNfa has been shown to
macroPhagEdifferentiinadtuicdmgb NFkB ( RANXpression and thpromoting ERK signall
several o] . osteoclast differenltGla)ti qstaying in an un(dlia2f)er
types i (ActivateB bfgarFd
vascul ar e€eand SuppgeRsusarte | a
cell s andj{transcriptiRUNNX2ar
(18%59) | GE expr eksosweowEN R
may al so enhan

osteobl astogenebdFj{

kB signallingnpgBadam
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Mor phogenet jRUNPX20 t
Ost eerxipxr e $ 460N

I 2 T l ymph|l4£2 has not been s|Low doses hafvel lbeen shoFkBi||l 2 has been shown to

mai f11% 3) osteoblast functi(phosphorylation resultingcell therapy to patien
JNK pathway to suppress |without inducing tothb
coll-agdnced mi(dé&4model 166)

I3 T Il ' ymphql 3 increases-spesi{!3 inhibits osteoclmosntocyNo specific {13i rmkndb etSwd
macrophagdggene expressionfromteopor os(i s7pitn haRbAIStkl decr i,bedi ch is surpris
stromal(l1l6losteocalcin,, oasltYfdependent osteocl| assuutppdiefsffbei ng driven by osteob
168) phosphatase, colfilkBphosphoryl ati on pared edidg

and ost3P riikcrdadseskBnucl ear tr@b6TX¥8c aatlisoon

di fferentiation VTNR-i nduced osteocl ast

signal l i n(gl6em@at hwaydownr eg dIN&t irregceptor 1 an
expregdirdn.Hbwayvleld ,1 i kel y
osteoclast act(ilvidt)y i n my

I 6 Osteobl astl 6 signalling hagl 6 activates ost eacnlideesptes A study r ev ealeexdp rheisgh
marrow sosteobl asts to manner but can al so -media (11/15) of paedi atri c-
cell s (BMformation in mice|osteocl astogenesis by en|paedi@Spraitd ehd 3)
cell s, ma(aer obic EkeT¥ilsies |by osteobl asts (@aln7tiB $} Ho wme
and fibrofproduced by ostedcontradictory findings-G
(1714 6) osteoclas(tb@&)nesisdownregulates ostept82akpt

4/ BMSC(s184) |7 release by ost|{ld{ mediates tebcthsappggl ¥ and CXCRS5 receypoe

for B cell deveIcSTATdSependent mrdd RpPpAeNKbl&@ )t has been demonst r atTedc
mar r(ow8 5) therapy for (A87t)r eat me

| 48 MacrophaggTGHhl produced by|l88 enhances differentiat|l48 enhalhSaedsvancement b

(cxcLsglepitheliallenhanc®s plrloductilojcell s intof 109s0t)eoc!|l ast s OScell proliferation a
endot heligand -kBEEependent m recruitment &fm@1xpdtiisve
and airway(189) i nnate i mmune ceIIs
muscl e( &8 eosinophils and eut r (

cell s such as B cell
recruited.

40 T cell s, Murine model stud|{l#10 suppresses the diff|Studies have demonstra
cell s, mal a rol e -1fOorin|Losprogen|tors i nltiok ep rceeolsltse (I 41 0 antibody enhanc
neutrophilfdifferentiation marr ow el |l (cAwl4t)ure studymitamurtide, an i mmun
eosi nqAami2ll mi cr o-ROI25p 193) increased OS <cancer c

metastasis in an (h985)

Oz



Osteobl astStimul ati on of pll1 enhances-doisvemwoclbonte|l 11 Ra i s upregudHAt2dd,.
chondrocytjwitfdll tesults in (199)
BMSCs expression, demon
fibroblastosteocl|l astb@y&nesi g
bonel96, 1
Monocytes/ 412 has been shil{l2 suppressedgdepermAdNeKknLt |1 12 downregul ates OS t
hages, dexpressed i n hulmaLi popolysaccharide -dependhuman LM7 (@SQ7)el | s
cell s and|cel(l293) osteocl ast oggmnedsdi,s 2006 )anp [
(202) to i MNRbhintduced osteocl|l a#a®t
i ndependen(t20nanner
T cel 1413 i nhibits €yl 113 suppression oP-depyecn¢ The -1BL r ece pl3k, Ebh
cell s, masmedi ated prostagl (prostaglandin production{chemot herapeutic resis
basoph2i08)|ost eoll2aDN9t) s decreases o0ste©Oz0A)stogenghuman OS ¢elllo)!l ines
Monocytes/ 1415 enhances apgl4s promotes osteoclast |[I15 has been shown to
hages and|osteobl asts by aqact i v(aztli3o)n os stu@d2®4) However, a
cel(l2sl 1) (212, 213) inhal ed recbimbitowmandtoghk
which is known to be s
shown promi §Rhg§)result
T helpergdll 17 enhances mesegldl7 induces osteRdtVas2bg)lThe -1I7LI L17RA axi s i s
T cells ajcell proliferati devel opmen(t22i0n) mi ce
killer T di fferentiation,
(216) and chem6RaxX) This
similarly been sh
cel(l2d 8)
MacrophaggOsteobl asts-1l1®rwhkhiu¢ld 8 suppresses osteoclastl{d8 is |Iinked to enhan
dendri t(i22 ]t hrough gMmarculopdmacr ophage-stcmubayi-dgpefidbut has been shown to
col esny mul ating mechan{ 2 M3) highly metastatic mous
downregul at e ost e (224,. 225)
(222)
Monocytes/ I 1419 does not h|l 419 suppresses osteopro|ld49 is produced by o0s
hages and|characterised ro BMSCs to enhance bonneL PdS|I 20RB, resulting in
cel(l2 6) osteoblast functi{medi ated bone resorpt2»]JAK1/ STATS3 cellul ar S
Howevetlt9 héas also been dggsubsequent increased
RANKdependeNMFkB-medi at ed gprol i f(e2r2a%)i on
di ffer r2t2i8gt i on
Monocytes//[I20 suppresses os|l4L20 promotes osteoclast(An -2 receptor20sRiBbumag
hages, d by i ncreasing S RANK expressi dNfFkB, e SUIATB3ngshown to be expressed
cell s andjdecreasing osteriiand-FOS induction in ostqto bone metastaqi2z29q9f
cel(l2s30) osteoprotegerin el(231)AINM20 monocl onal ant i
(231) been shown to suppreé23b}
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expressed

osteoc(l2a3s4t) apopt g

| 33 expression is @Sceer
l ines, including U20S
mai nt aOScieh ¢ Vi2abi)l ity
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Undoubtedly, many <cytokines contri blltbe t o ¢
sparks a particular interest dcueel ltuo airt ss idginva
pat hway®S Asodserved in ot hledb prhaalyisgnanikcegy sy ol
oncogenesi s i n oS, particularly Vi a i ts

osteobl astogenesi s a(nld4 8,2 B28&alasndtllbyeme st Ise

first characterisdd fmennbgr,r s woif chheowlL has 11
(24Dbwas initially identified as an endogen
195524%%ven decatHlsi sl akkneown t o be-iafplemmat ooy
cytokine, mai nly expressed owhianmaateri ssmdne
infl ammasedy di seases 4dqrmrR2d 29Ilnrc oggelnied iimma | viigwma n ¢
studi esdemanesttrtadatedsect &b won hiof MEihneduces an
accumul ati on 20f3)IMDtS&€Crsest i ngl vy, MDESClse ar ef aetg
kapp&NFB)i gnalling in tumour devel opment, as
NFkB p@G)sk nockout mi ce decreases MDSC§62440) syn

Ther eff ddbrien,d uMEEkBsi gnal |l i ng has a prominent rol
to cancer. |Hibenedr aNaFkBSi gnailnd itnlge conitsexdf of
particul arl dlbmREAesxpmessshiigrher in the bone me

to any other oamdanitis adbeodbdioatyi on wi24a5)rug
Ultimately, this demonslibrn at eisnftl menmatebeyamnd

related processes within bone.
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NMEIRt #Y211 ! WYnWgdéWWUe HGWJE!| WneraqVl
¢cHqR2 ¢ q KD WiGtIGOH I RGagRYUWNn ¢ Ha Y1 W
NFkBwas initially d&ansBemeiadtihy Rambmijl Prize
Balti moreds | aboratory by wusage of Oct fact
confirm its | ntbersac tpiadm GEedghCealinyel®i t hi n t he |
chain enkhafnchreuman( B4 &€)®k Ng-kBtheot being the tran
factor family which they planned to find; th
under st amarimagl odhysi ol ogi cal , alnndd @ end,| afnoralt oow
their diNEkBM dreypthefscoveab®& can SNFkBmunl #@tree
cel(l2s#4 7 )whwiacsh bel i evmed ctl apshbesneo mem acel | s . Howev
resear cher shcibgahvleNGkBt emdl uct i on i n a ,vairniceltuydionfg
endot hel i al parnodgheFnsi bot hcef | svhi ch ndra ait mpoar ta
devel opment of several cancedSy 2d48d.NEEBO A st as i
transcriptioni hamukenpcmemhbeerase oparscemotghred pr o
expressviaangeumses i nvolved in inflammatory anc
contributing -taos @ d fdiasmereas efsL %aOn)ld u te hadroab &r-

kBin regul-iatnfilngmnpartoory genes, aandkBt feaemdétyec
membew6bn endot helial cells, macrophages, smo
atheroscl erNEkBc sphapoesntial drug target of
di sease t¢tealmeasb5&@)her mor e, t hrough #kBs i nfl
signallingasygatémakadeto the devel opment anc

arthritis, systemiacn d uipnufsl aemnyatthoerify? 88stuesl di s

Th&aFkBt ranscription factor family is now kno\
structurally anal ogNBEk81L p@ Opb5£0iNkB2 pilomdd 21)d,i n g
Rel A (p65) ,-RRle.l BAlalndf icve family members shar
acid Hemrgnihal Rel homo( 29 y)Them®RHD ( BHBPequi r
specific DNA bi NBkBpgoptenhi bi nhdongof and enabl
bet wa&N&kBf ami | y nfie2nabBeprwse v e r there are some nc

di fferences between transcription faabhdr fan

c-Rel share a transactivation domain (TAD) en
while this domain is abshent Therpb06randpp52 F
Rel are morMNFkBlfoanminlaywt member s i nvolveadhndi Pp50er

MM



and p52 r exatiirvvataorcof or trNFKBsubpnhi osmaforamth

or heterodi mers t &B bsintde st oi nc oghesreer verdo mot er s
cellular functions i(n25%hysaded)ogi cal processe
poss RHD BE—— TAD :
RelA z
RelB = L7 J= RHD  J== TAD :

cRel = RHD

p52

p50

Figu
N FkB t
The
TAD

addi
proc

domai

ARD;

Desp
spec
het e
comp
Howe

het e

TAD

Nlui‘

GRR Cleavage

p100/ RHD Ty 7
._ARD —l' ]3] —

GRR Cleavage

S G- ===,

S S0 i N

e Structur al representation of similari
ranscription family members.

conserved RHD is a stNRkBtuaasciisiptil amit
s shared acr oResINEKBBHamRey Bi aaflomrcms, pl0
ionally share a GRR, ARD and DD and are
ssing into p52 and pl05 processing 1intc«
n, RHD; Rel homol ogy domaghyciLZe +tieali
ankyrin IFieperad madai wmictohm.Bi oRender .

[
t
e
|

ite there being five family members, e
i fic transcri pNtFkBDPmeatl e raoccsth ihweitt,yalosfo oexei st
roteomamesed of pS0(26Whed6é aubdNFRBracst i ve
I

ver, a variety of stimul:| have the poten

xes in the cytoplasm bound tkBs(i2ZmeR2i)bi t o

D

odi mer s, inducing their transcriptional

]
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synthesis has been shown to be depehdght on
mol ecul acy tweplgdhgd mi ¢ p(rzeaclu);fbos, ppe0O0Grsor prot.
in the cytopbkammamidy, ictlssaved at the proteasol
synt h(e2s6iBsavi d Bal ti morebdés research | aborator
area, by hi gthli gpfi®bmgnuisat nhi bits pHF tinasnsc
IkBpr oper thiyespr event i npg5 Obihaodmondgi kiBef rmsp 6t0d a n DN,
therebyt haebmiltiithyg of these di2nm&4)s in gene ind

Theni stroersiecar ch f @®&bs hern epD@i mer anldae xmawded,i
as there are nowNFB&Bdk mewrs ,picsshuah eof 12 of t |
possess transcription@26®cdlikFrkBihtey eandi mendwbDi
has become particul ®Kell B52npeeéstengi akl p5oRi
p65, buRelnootr cp50, whereas Rel B only forms h
pl1LOO0/NoFERsubugRkes8)milarly to p50, p52 is synt
procesaxnidiager mi nal odd elivalmemol ecul ar wei ght p
plOBlOWakBstr uccthuarraalct er if ®orimss ,a e&red er odi mer

which keemacRelvEe i n Hohwe vceyrt,oplhaes m.nhi bi tory

pl100 are not l' i mited to pb52: Rel B responses
transl ocati on, and therefor e (i2nGhfihbei ti nthri dni stcor
mechani sms of p100 have abbedn tdydNmloBrbs tnrta tbhegd t oy
the6l dgene promoter, r6sulintig®d i8i@mLI rse dkuncoendn It Lo
induced by p65, but also upstream MN&KBrator s
inducing k{(h&ase RWOKHNoOt easomal cl eavfagee of
p52: Rel B transcriptiohhedgf acainvplch@tsr adi ma
of both p65 -dagdempde&ntRep Bnieddiinduwantail dry, ear |
demonsttrhaptte0Od0 knockout mice display gastric

postnat aR7dkias hdemonstrates that pkBpOoteinot
but also has an i mportant role in maihmdg ai nir
dynamic and central rNoHkEs wkf u rpilt0D, i mo Irlegautl iavt &
as the NFkappaBsome, makes it an intriguing
cont &ntes functional roles of p52 are also int

effects to pl0O0, as pS52kBremadncame os eiddn r e8&8cl
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enabling construction of a ternary compl ex \
oncogefh2s2}p

To st udykBtphaer adigm i s compl ex, and knockout
proteins, including pl0O0 i s not a feasi bl e
Addi tionally, there are ovteirgh30a ypriBkBeirmsvi n
signadystnmgm h various prwhiemmk ecsamipimpx e s at ed
systteomfully study in a celltutlkanaenvierapmeot.
with | aboratory experiments have bedkB devel
systeat.heMnat i cal mocdehst taaeesde eiine em duced t o ai
ofNFKkBdynami cs and fauenécbtsitotni ve and, efwhi cihe rhta s
been predominantly | edamyg 3Bbdtemanfd88ha&Elesef man
comput amhao denlad have beenNFkBv @lsetapamgirguliaar |y
i ncreasing undekBtfaammiilnyg md mbtehres land their
activation atmpmkBa mdEBoates -kBarkgpbDhAseskBb wher e:
andc&Belare associated wi NRkBAdongespo$@&&hi sed

demonstr gtresatt lpatogress has been made by util

may have great NE&EkBured ap cetde mteisealaricrh .

no



NION & WWf u ut

There are various NFkBhaisg@msaiihncvhogdaiendgl hhi bitor
Nucl ear Fa8t &rnHappa( tcdKMBkBsiagnal | i ng, a tri
compl ex coinkalskika nd Kggfriendi s p g 2sibliikes gener al |
accepted as the maiMFkBsi greal loifng,anlmwnti cead me

suggestlekakhtalsata more promandnti-smpdasiefiinc cednt e
including Iin ¢QliégMeatnaInNkkBidacgnailsl idnegpendent
an KKhnomodj manldkiKkasn d KK ndepenh2e2mikaKl Kika n 0 KK

make up the cl assical -rlekKast,e dwhmelneb etrhse roef atrhee
as e&KKd TBK1, which have a prominent role ir
3/ 7 acti2vdt.i @h8e) s,homotaomgdg mol e c uslod rKaKaved g ht

| Kikar e sami 8arkDa and 87ahkhbDalh Kakbrsthkikconhv al n,

an-tNrminal kinase domain which aids their c¢
domai n, -taenrdmian &b i NEM@g domain, whichlfKa&Kcil it :
(279,.1XKi0gssesses an addli-&ke ma(azh8 BwbMegueirt,i n hei
cellul ar f wmoetatdl WK sditffeewrght t o beb wltrkeKmar i |y
has a nucl ear | ocalisation signal ( NLS) wh i
cytoplasm af@8hunclaedwds t i ¢ KaKhas tahi sel ati vely
di scovered endosomal genkKKteditcrhumaast @d i fmanm
identified and-daxmplger echdi theMAresi stance st
cancer cell IlliKkekeses@&@htesehosran increasingly i
drug target in cancer, given its varied role

structur al composition ofKa&Kdrhe aodtalsisnlesh | i 1 KKis
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A)

Activation IKKy
loop binding
5176 8180
11 705 743
1 745
IKKa KD $DD ’ NBD 7 85kDa
B)
Confirmed
phosphorylation
site
S180
I
p45-IKKa KD 45 kDa
C)
Activation IKKy
loop binding
5177 85181 . 4
] | | 30 38 705 743 756
IKKB KD uLD SOD ' 87 kDa
D)
IKKa/IKKB  Tax/v-Flip LPS/cytokine
binding domain domain
40 115 194 240 393
1 419
KKy ( cel )( L1 Lz L2 ZF 1| 48kDa
Fi gulr6e Di agr ammati cal representtattiKkKn fafmi t e
me mber s
A)The strudtKa&Kce ntodi ni #@r rminnall Ki nase domai
phosphorylation sites within i ts activati or
di merization dcecmanimadhnidiBdi@@ domai n, Kahi ch e

Kgbi ndB)ige

I structure of agdmamatad ¢ dared drosoIma
| KKi sof or m,

kK A KeKIC )Tahse psdtbr U Kbkuo ret aoif n#t reg ma m aN

kinase domain with two phosphoryl atiloinkesi t e
domai n, a scaffold di meer mianaidb nNEM@g iDdo maidn .
The struckgdus ecompr i stear mifnaan cNokad &hib icnodiiln gl

domai n, -Fd iTpaxdovmai n, and a maRIS/ cuypt okfi neo idloerth
ubiqui tin binding domai n, | eucine zipper, I
ubiquitin biFndung domaied in Bi oRender. com,
publi ¢af) on

npe
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NMORI ¢ UY UREPHIRIDUC G G RUDN

The candkkBsabnal linigs pritadclvwyayw ated by a pleth
infl ammatory | igands such as pathogen associ
damagesociat ed mol ecul ar patter-nsf |(aDAMR so)r y

cytokinesTNmahtdddb (n2g59 -2 8)Ri gluwy. e Speci fic bind
t hesei npfrloammat ory | lidgbatnod st hseuicrh raesl e vlaRlt) r e c e

i nduces rapid acti vaNRkkBrsi omaltlhiengc acnaosnciacdael

downstream recruitment o f adaptor protein ¢
domai ns. This subsequentTryanrsesoulntisngi-bgr @at ihv
activat ed TKAIKMg s eRi Imhinrut®ks and peakb aritniuvtaetsi o
after st(i2n8bl)aAKDnNnphoslpKiko r wilttthteierst r i mer i ¢ | KK
resul phemgphoryl ati on, ubiquitinatilkBmarmdd pr c
in turn, nucl ear transl ocati oNFkBhep&0Ooadinihe 1p

bi nds t o DNA =en-apdphagt ifcoirmfndda mpgenoersy and
subsequently resul t-enfilnamgmeateatay ¢ @imd tod o tpprroot
Despite dd&kBosniigcnaarlelliantged st udies predd&di nant |
activakKKeinmi lcamlty idbenlkkan diNfdg ndu dNé&kB1L ( p65)
actjvasymeasured by p6b Kihppearos ytlaatploany a ¢
i kBadegradati on a(nha8@)rocessing

NMMI Y c UYURKIlI R MU C GG RUDN

The nanonNFkBdr macsi vated more sl oWIFkBatxhan t h
by speébRfsiuperfami |l ygFimgube These | i gRaRAmNKL ,i ncl |
| ymphotomoor necrosis factor superfLam®HITYy me]
and CD40. By binding to their respective rec
of adaptor protein TRAF3 which is bound to

cytoplasmic domai n. Il n a baNBkB-i sdatengckARa
(NI'K, also known48ads tMAM3KIl4s) TRIAFKE binding dc
NIK to the proteasome resulting i-¢a@anareigagalda
NFkB arm i s activateeccepbygr | bgaddng, t his res

intracellular NIK | evel s, enabkKanhgiSTamber at ec

nz



Ser 18i0t hi n I ts acproabtongl acpi vati.onT hoef It

dependenMlefpromt ei n awnp@tclcargniudi ant o-mann o nN EkB |

signalling results in a notably slower signa
NFkBar m28NM)K recraubt arlkBgK 00 at conserved seri
Ser86abnd erS8,70facilitating p1l0O0p ophroasnpshloartyil ocant e

procegq<i8Bg. 218 )t ur n, this resul b's"Wwbmqguetraoi
|l igase compl ex, which subseqluesn83& hendbcesi

acceptor site on pl00O0, |l eading to p100 degr a
producAsi oam. resul t, p52 can form an active
translocate to the nucl-apept otircegdidmpmaGpry
gendfhe central rol-eamdniN¢e &l i pmat hewapwoshoul d n
The -nanonNFkBdascade has crucial roles in phy:
were originally thought to be | imited to rol

formati on whi ch contributes t 6 2 90y)nhpnhdeeiedd , o
researchers have shmedi &thectda ntognfhkBRdi gxiah | i ng

within stromal cells results in generation
play a key role in germinal centre develop
proliferation of high affini(2elpPAnoelhls THNF
superfamily member -cvamiocmNF&dt gmat EesngonB cel l
factor (BAFF), is crucial for B cékRBb2ackbg8at
Since these initial -efsitnadbilnigssh,e d heevried e nsc en owh iwc
t hat-cananNRFkBs$i gnalling can induce dleasédpmen
di seases. Additionally, there has been incre

and RNA viruses can evade host-camonNikBly by

signalling. For exampl e, mi croarray analysi.:
TRAF2 expression are increased throughout in
(294)Addi tionally, i n chronic hepatitis B (C
constitutively high, and therefore dysregul
upregul ation of 2B2¢ ellhle raecftecraead nkdk@gd hgnal | i ng
pat hway plays a complex but 1 mport anats erdo!l e

di seasnesr.el atNFEkB-i hdu©Sng kinase (NickKnhonamdlth
NFkB signalling has b eennh ameniph g c abtoendé 2 @fBo)r ma t
Furthermore, tthlei-enaomdené¢ ah il KKdke pe n dl&kBta x i1 s

nT



another attractive target for inhipotéeoniaf

future signalling axis to target in OS

NMORI Y 2f IpdpflIJ T R¢ oo € WY Y BT G NIMRIB Wic G G RUN
Previ odlswygs exemplified to MRRBpathway hleutcalna
never been known t-oanonrdNRRBR&nrcre. tRelcdébnatnldy ,

TNRwas highlighted to induce Obbesphododi pnleat U@
cell s, whi ch I s30mamii Mzl EP Yy gulfbe Ilnt er est i n¢
preincubatmbor wibchonX entrati omsel ettitwnhe INhIi
CwW15337 di d h4Alh meidnihaitbeidt p 100 phosphoryl ati
CRI SPR/ICKKd B8]l et i onawasa s8s$edtaeyggltbdbhel KKk nowns
signalling, whi clhhktlempemstmat enk ¢ dllame &ima tf eodr

no-nanoni cal signall i ng. -iTnhdiesp einnddeind a tneesc haa nn &

of wamonNFkBdi gnabDulel ntgpitviodod l¢ KKk nd downstrean

pl100/p52 in infl amma tpiroont ea nnd icnatnecreart,ilb-pornost eiin
medi altkaidl e pendent signalling would potenti al
(296)
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Canonical Non-cancnical

(activated by a variety of pro- (activated by specific TNF
inflammatory stimuli) superfamily members)
IL-1B CD40L
Cytoplasm
IKKR Y 1KKa l
/N co
o @0 Gﬂ J_, QD Degraded
Deg.ilr(aBded @bC&?D‘_ @(b&, p100
0168 ! |
Function and
l subcellular localisation RE|B

unknown

N g

Activation of
immune
Nucleus — © response genes

Fi gurfe A di agrammatical representation of th
NFkBpat hways.

CanonNEKBIsi gna(ll efntg) -caanndo nh&EkBIsi gnal |l ing (rigl
shown. The Ne&kBrpar ihavasly acti vated b-ynfal ammatedryy
stimuli, resulting in TAK1 activation, and

resul tli Koigne d nalkBadohosphoryl ati on and proteas:H
resul tingp6bn hpb@rodi mers transl ocaltdillmg to
medi at &§dNamedd i at ed WNBkBsengoadelpienngdent | Ka&sul t s
phosphoryl at imphOQG nphdsuprhtchreyrl ati on, and no kn
degradation | eading to uono&nownwnhRkRpdioOdn & lulnictg oi
activatee ulper fTremHd er s, |l eading to NIKKK accun
homodi mer phosphorylation followed by p100 |
p5,2 which Renablansd p52 heterovodi méires. ntuBcatrealls o c
canoni calcamamnmiFeBsin gnal | ing pathways resul t i
i mmune reepanedFigeamescreated on Bi oRender . cc
original27article
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NIMI [k7IBRUO WY+t qJYt ¢l #YGOC
Previous studi es hNaFkBa chtiigvhd tiigohnt,e ds kBhpabtbi c al |

S

(

c

ubunit is increasddcompmeedst at p® Sthiasnmsgunehsu ma
290 her studies haveNRBkEmRNATfexpr e3bcir ®m aiem

ompared t o ad(j2a9cBemott hteirs ssrueessear ch group has

and bulskegRiIeAshnci ng techniques to | ook at enri

signalling p@$Sdevalys, wvhihdm i dieNfa-mediealtFeidncr e a
kBsignalling moompracerdo ysoacse lwled | s ORI 8Kd AKT
MTORC1 signalli(kr@Apat heaysstudy utilising a
sequenci ngcedeat eEsxeptr e(ssi on Omni bwhs clhD:f 063 EERG2
ei ght identi fORudt icleilsle dt yKpEeGsG iemr i ¢ hmen't anall
heterogené®&iFkBysiigmaah i ngge npeathlwmasyt er i n al l el
cell s, CAFs, engeolt hied i &lel lcel | NK/ ™ cel |l s, o]
osteocl asts an(d3Qmljads md oyntads st udi es have ai.l
rel ati onshNRkBadred weEdsSmerdi at or s, i-:dBbevhudhnha&Shk

c
f

e

ompl ex oncogesupgprogsstourmoruol e depending on
indings of thisOSpautdiye nitnsc | whioEkbBhaardd a hdBRykh
XxXpression had a poorer progndsSpat{(4€at2tmomotu

withNFdBwnd SB&xpression (1(03012Fmotnhdéds,) the

t

denti fiedtdbstubaeqG8KtINFkBs inghnaliltisng, t herefore
he potent NBKBtfaorgeftuthgr ¢ herOSpeaat medt ugs i n

ND NI walR B U0 # 1J |
The gene whilckiKk e@6EHdUKeshas demonstrated to b

many organs and cel |l t y,p evsi twhi tpha rnt itchuel ahrulnya nh

0
t
t
[

u

f CHUK RNA demonstrated in the kidney and |
he rloKdé nofcancers which or(8@2ptUasiumptrhes e gd
o wide CHUK RNA expression,| Kdth alsa sy abbe eoru sd e o
n inducing cancer, cancer dev éBApMenntta bd nyd

nl il IKidvhi ch s predomi nlakedclayn ctyrtaovpelrassemi ltet we

cytoplasm and nucleus and acts as an acetyl

P M



hi stones and therefore regulate chromatin
infl ammatory genec3@Ad) DSAmeepdiudi es have &
uncover the cbKabluEaveoyhyes ©d demonstrate the
responsi bl e folrkdf me® msh tet ciyng@gpdasm to the nt
rol el Kki n regul ation of oncogene expression

Researchers have employed western blotting a

amScell line, 143B cel Kahucowhe acrh g edneen tei xfpireeds st
in | ow expression of a highly Maomsae ryv ede rti unne
Protease I nhibi t(d3rQ bpevreer e ¢ masnopire) research | s
mol ecul ar | evel Itkekntokl gxpxrxpbainonhbwads to c
(305)

Researchers have also attempKagédh tooncwmgearest ar
studying the role of a tiIKkKajick{ pd5Shucbeadi ast
demonstrated t hat BRAWVAPK TAcKaln amedd{ pBB)

phosphorylation triggering its nuclear trans
(303)which enhances tumour g r-roeng ihs taannd  ppor sospee
(3Q7Kkhas been i mplicated in thyroid cancer,
I transcription wunit 27 (CRSP8) , a highly
cancer cell 3¢ KKbri omdest éro negi on (residues 257
its tranfs83dAr8i)pAddnlt Kdoknmaolclkyd own has been demol
decrease or al squamous cell c ar idrghmawecved rl,
CRSP8 knockdown was highlighted to IpKeKevent
transcription and signalling(3m8)AddpoiNEenmbdteg
kB subunit pb52 and i ts precur sor pl0O0 poss
downregul ation and excessive pb52 expression
di seases and ber&éast 3T@ihceexemplifies -the coc¢

canonical signalling components in disease s

Due to the Ipkae ssenhe dfKK compl &«B ding ncaalnloinn gc,a
rol ¢ Kikds a medi ator -lBf sagmandildalg N some cal

studi ed. I nterestingly, I KaKhheaass & ed omidreanotn st

PN



canoni cal signalling i n d&dumami tClod loiraelct@ad | Crae
116HCT116) TNMME-lan,ddla-s nduced phosphoryl ati on
and p65 nuclear translocationl WKKO ekk@Telnls6 v e
clones, but IukikKOf HCITAd 6 2F 6 hlehse aut hors sugg

the roles of the c¢classical -HakKls risng ecoannf o nci,c aal
wel | as dependent on( A7e6v)eElbweverdevtehoepemeatf e
artefactual due to complex disruption. There
| KKk nvol vement i NFkBbaescadeninatancer setting:
| KKhas vaNFkBiusdependent functions in cancer.
was demonstrated in mice kerdtkiKhelcgtiesn mwhds e

in skin squamou(S3C3)ySphech KKaecxaprinrgts si on is enha
it binding to &8r drhettian |laotcutshevhl 4 h downr ec

s
phosphatase which regulates G2/ M stages of
a

transfer of accurate DNA inforwmhtionento dRQ
activity results in excessive cell prolifer:
transferred to daughter cell s, which can en
sqguamous cel Il KBhmasialosna.been demonstrated t

ul travi ol-iennduBc g(dUuVaBpo pt othiummame KEeo ma @ d omwyu sce
embryonic fibrobhl p$Ht33 PEREF 9d)e INé&=kBd enndte pamad e nt
manner. As UVB has aslpirmnmdamage rdbde tian iUVs | c

than UVA dKK&Km@JwCoffer drug target validity i

treatm8atl)Fi ndi ngs from other research gro
accumul ation K&Kbi ssplcdedFkB-i kdgpendent rol e in
cancer progressi omMalk pgesrue ptrressrgBdrAi)@otfd loinn D1,
key cel |l regul ator predominantly | ocated

phosphoryl ated altKifl eaiddng T8 & ylyy i n D1 dysr ¢
subcellular distribution, which dri¢8%3 prog
316) Due to the more prevalent overexp—ressio

type cyclins in human cancers, future resear
cyclin D1 antagonists for pat(i3eln@psmewiotfh tshpee
mechani smk Kathhaisc hbeen phomaot ¢ ot he hall mar ks ¢

summari sedl1l8n Figure

P



Full-length IKKa is required for
p45-1KKa to activate ATM-
dependent DNA repair and

chemoresistance.

_ Evade growth
IKK(_J medlatgs Evading suppressor
anti-apoptotic apoptosis signals
proteins
including Bcl-2
and AKT.

Reprogramming
cellular
metabolism

Angiogenesis
induction

Nuclear IKKa mediates VEGF-

induced AP-1 transactivation
leading to angiogenesis.

Some studies show
IKKa cleavage into
p45-IKKa is required
for tumour
development.

Fi guB.e A
sever al

gr owt h

schematic
cancer
| KK pr omot es
angiogenesi s
suppressor
Bi oRenderacomadapted

Hallmarks.of
cancer

VEGF RSt
-

Invasion and
Dysregulated metastasis
replicative
potential

IKKa-mediated cyclin D1 and c-
myc expression results in
enhanced cancer cell division.

hall mar ks.

dysregul at ed
i nducti on,
signal s

highlighti

replicative
I-ohnrca vetals esi g maslesn,si € v
Famadr e vaaisoncrefat e
from @xn7)original

By activating NFkB
signalling, IKKa
indirectly reduces the
effectiveness of cell
cycle arrest genes in
response to stress or
DNA damage.

Insensitive to
anti-growth
signals

IKKa promotes epigenetic
modifications of histones
to alter transcription of
apoptotic genes.

Evade immune
regulatory
mechanisms

Nuclear IKKa
promotes expression
of metastatic genes
including c-myc and

Snail.
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sel ed Kiikwret agoni st s ,-11i4n5c,| utdhiensge PSh hi bi t ors con
systemic toxicities. Tappavoekkabhhagenasessuse
therapeutic purposes. Due to the | apse in s
targe&Kikimhgi ch coul d successfully tip the bal a
to risk, the gl obal research focus within ¢t
| KKi n i nfl ammatory processes and cancer. T
breakthroughs, and a great ¢ KKiumrdemasdtaamaeirng o
many of wWhKKamdN&kBd ndependent .

The wor hdedlsa sfsi rsdetkaé ecnthiivbe t or, SU1261, was dev
and others, and was shtuundaine du nfbarl iictad evfefi enc tesn
(HUVECS818)This study was <carr i &# nohuitb iatsi cann dau
t he previousl| y-arpeoppatrotte dol Kewbxhiedc hpsr e dot hel i um.
downregul at ed doavwmartirccaalm mloh0O phosphor-yl ati o
dependent mamvber wiQ.h3 nd KiKivlfi et seothedMup to
Ther ef oBbel, pSokls eskikadss eHieclii her eyare vhK&Kous o
i nhi bitors avail able 83d&54di ngbuACHPheasred i BIM
selectivity anldKbdate o fof tthaer getr uern ur al si mi | &
Additionally, gi ven t hé Kdkinnohwinb istyisotne minc diosxe &
this highlights the need for ilnka ) Homwe vwirt h
annhibites>9gl1BAYwWIBi2ch has been cl ailnkeki has be
recently been demonisndwmded pwl rd mEaIky DEPsSp a & & a
claims that It Kdksselierchtiibviet,ort hiez e i s |ittle ev
i nhibitor dodsarmget Ie# Kdkocro §d tohne r kinases and
similaritlyKKaemtdwdke nt hi s informati on i s requi
selectivi thy9 1bf. BAY 32

NIOZOWgt qPYNUIUWUt Rt Wt RNUCGGRUNWGE q6

Osteobl ast di fferentiation is a vital phys
However, as primary OS relies on excessive u
i S I mportant to identify the <cellular sign

di erentiation. Both the CXCL/CXCR2 axis and

P



factor Runx?2 ar e I mportant events whi ch ul
phosphatase, osteocalcin and osteopontin pro
in osteoblast Aipfrepened améomani sm by whi ch

occur is highRFiiglBntedl bel ow

PP



CXCL1, CXCL2, CXCL3,

CXCL5, CXCL6, CXCL7,
CXCL8 \

Bone marrow-
derived
mesenchymal stem
cell
GAS7
T Alkaline TOsteocaIcin OsteopontinT
phosphatase
Osteoblast differentiation
Figur9%Anm. il lustration of cellul ar signal i1
osteoclast differentiation.
CXCR2 agoni st s, i ncluding chemokines such a
CXCL6, CXCL7, CXCL8 -depepdembotei GHKERRIi ng. CX
in bone-dmarnvew mesenchymal stem cells resu
resul ti ngdeipne nRbusBmMixe20 bl ast di fferentiation vi a
al kaline phosphatase, osteocalcin and osteofy
Runx2 expression -depardndamtg d st RaumlkR gtu r ki fwfaesr
created using BioRender. com.

Understanding the molecul ar mechani snmsn whi ch
excidndgumippwe tunity toi ufnlcoammat drhye irgpnal | i
responsi ble for secretion of CXCL chemokines

TANand the osteogenesi s process. A deeper u

Pz



p a
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t hways would enable identification of pote

eat.ment s
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d
c
t o
pr

w h

t o

veral signalling pathways tightly regul ate
ne generation -imacda&EBrsg g RANKILOgl i ght ed i n
noni &kBIl siNfFgnall i ngand Eaganecdl {Wdt9, si3@mal
deed, It has been exempliinfd uedekd& shiag n ailnlhiinbgi,
d RANKL/ RANK del etion preventherces tagec It avot in
ceptors whi ch ar e cruci al in Osteocl ast
sociated receptor (OSCAR) . Whi | e RANK r
wnstream signalling patdwady®anomiBk&Idi ng
ignalling, and osteoclastogenesi s, OSCAR p
omot e - mBANKted osteoOf@AROGgesnNneasn si mMmukneo gl o
ceptor activated ma i-Inll ly. bTyh i s o |sluabgseenquteynp ¢
wnstream phosphpbhorglcapit om c lsd Mm@ n an- | TAM
ntaining allywp$yk, pamd atulhpehroesbpyh, o rSyylkat es it se
BhilCosphoryl ati on. dAhnocsrpehaosreysl aitneods iPtkpd t r i
oduction | eading to increased release of
ich indirectly results in increased NFATcl1
several genes in the nucleus tl® .promote o

PT



Collagen |, 1, 11l
RANKL SP-D

l:l OBL ligand

RANK OSCAR
Plasma membrane

TRAF6
FcRy
TAK1
/v .
—
Y ® PLC.V.
—»
IKKa | IKKB Syk  Phosphorylated N
IKKy Syk IP3

! ] G

el pee Endoplasmic
\ CAMK IV reticulum
NEATCT) 4~ Calcineurin
l L
Bone
Osteoclast > degradation
differentiation
Figurle0 1An il lustration of cellul ar signal |
osteoclast differentiation
Osteoabkbastiated receptor i s aebti vaantde By | aale
resultingdeipnenalesSyk signalling pathway, resu
phosphoryl ation,smacisaitled ng ndmeakPd Caz2+ e X
downstream NFATcl expression. This, in turn,
therefore, boRegdegrwdatcoeated using Bi oRen

NERIG YOIt qI YGWARYt ! Uqé6 It Rt WWRULWY Y q
A considerable amount of evidence has demon:

production in OS develigpne rdtr ogn de tpsr,o gwhad scihs .s e

for cholesterol esters were first diOSicovered
198(1321)Addi tional(IMK333y,nva neliemcti veCamMmt agon
reduct asel i mihtei tTptenzyme in cholesterol bi os

PY



metastatic potenti al in BN472 ranhdu@®&dnur cel
1989322)However, the significamSwasefolvepl deke
for sever al decades. Il n recent year s, stud]
complex relationshiOS bAetwtedy | Wipi@Syp athaas nut il
data (88 samples) from The Cancer Germdme At |
pati ent s wi t h high gl ycol y-seébkatandd gcehnoel esi @
(GCSRG) and | ow GCSRG have a survival probab
respec(t3aa3Agdi tionally, hi ghOSCBEMmRGU rmagr acwtrhr e
patients with high GCSRG had significantly |

score than | ow GCSRG patients, indicative of
cancerous celHusr tihrert usmouudrisee.s have i1 dentified
bi osyntéleast sd @Scredd s compared (2@DPDhespltbhbythbe
chol esterol bi osynthetic pathway notOSeing

treatment with simvastatin, and atorvastati:H
KLF4 express-dependeatdma@aner. I nterestingly,
formation, which was reversed by statin admi

KIF4 324)Future studies into OS therapeutic dr

the cholesterol bi osynthesis pathway can be
medi ators, including specific cellular signa
Several studies have previously demonstrate
chol esterol bi osynthesis play an integral r
di sorganisation and disruption. I ndeed, expr
genelsi awvhh medi ate cholesterol baica s ywmtt h ensgi sp, r o

and HMGCR, are significantly downregul ated i

t o proliferative zone (P2z) i n E16(3%25dmbry
Additionally, hedgehog signalling promotes
bi osynthetic pathway, and mutually, intracel

signa(l32,ig 3126)a cancer setting, hedgehog si
osteobl ast OSmwl @avemwmeaxprmesslogemdé aahokd i MégR g
RNA, H3AB7)Several antagonists including ATO,
target the hedgehog/ GLI 2 signalling pathway
potent®O&I| biyn downregul ating i nwWé&<cied fl 332a81)d me

PO



Therefore, this implicates a role for genes
OSdevel opment and migration. I n support of t
datasets to identif @Sdatuirendtissth anxxad garm utplse ior

expression into a glycolysi s, chol esterol, (
identified that t heOSphadli esnttersoulbtarmpe smidi esp | a
prognosi s i n relati@©a29%)on padideni os,ur oit el

highlighted some <chol esterol bi osynthetic e

TM7SF2 i n aO§$gemen onfa3d3ed )

4

NEEN G JlWet JWYnWal ¢ Ut Al REQY LURAL WRU WA
Yt quUYt el #YGEC

Wit hhout a fundament al undecoehaaeadquafgce®dé ! It thlear
signalling pathways on gene expr essi osne it
cellul ar signalling eoaddmwayalt uldlyer difeo rgee,n eist
i ncr eaisnidnugcleyda u $ db-md di altkakl e pendent signalling
the extent ofi KiKhaer tral ees wihn cihnf | @©Omma twaryy whin @ h
this can be achi esveelde citni vaens cuanhbdi ahsaendg,er i s t o
a transcriptomics studgeqotem@eamwagmiec K nloavn laec «
a particularly intriguing subject over the j
revolutionised following the completion of t
and coll aborative effort which spanned 13 ye
see@mcing approximately 9QR3IBBNB)iThe hhwmam gemao
project utilised Sanger sequencing, which wa
on sequencing one DNA33I4)agmenbvettg, tame | ar
data which this project unveiled has revol u
and ultimately, increased knowledge of human
gene mutations (B3%9,.s8R®Iel oomnisnegt t he human (ge
sever al attempts have been made to design
expression of alll genes in samples to prevel
singul ar genes by | aboratory teahnvgquesl g me
chain rearRCR)n. (MNRerxt generation sequencing
overcome these chall enges: elaldl umeitdid ds elgasn c i

> M



pairs per read) has since dbheadmeRNAhes emoehc
platform, and has several advantages over ot
accuracy andl lafdimrdabRNAtyequencing represen
t hroughput approach for comprehensi ve tran
identification of genes t hat are different
signalling epeetfloweeg s tchlibshabdy edeeper under stan
t he mol ecul ar mechanisms regoifaetedi hgi ghesei
functional si gni f ikciannacseesso pg &fredyti upraet hswauyd i e s t
t heiad iacksi tpyot ent i al t.herapeutic targets

To study OS specifically, transcriptomics pi
di stcienlcltul ar signalling pathways which are |

screen for every human gene simultaneously

as it iI's a poorly funded and researched ar
unbi asedeetxa@aleramproach, by preventing the ne
which may be i mportant to cell processes in

provisderaing point for future gene studies 1
depending on experimental set up, may provid

in OS onset and progression.

NFOD=8§ ELWHIIG G Wi RYNIGUA Y e I Wd ¢Jd Wn Y W
Due to t he amdar itthy heff oh,0i ng chall enge to obt

sampl ®eswelblbheasd ocus on the molecul ar mechani s
favourable to study TOSe i W2 3 mand |coenlel na@fi ntehse.

caneaerri ved cel |l ' ines, initi-meédydolwhat ee tl emi
OS patient in 19eé&sedtDakei ttyg trleesipronsi veness
stimul.i and ease to mahensteaicnelilns cred nnoidre ll a uwie

not j ust for OS research but WG chealvliesc el |
epitHelkiealhomodiosgpyl,ayanupr egul ated RUNX2 gene

to healthy (880kbbl demenstrates the ability
el i cit osteoblastic responses, but ,awhocho
woul d be expected in primary OS.

2N
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Cancer reseadamshrtoedygtexamined the mol,ecul ar
and heremore, studi es ar e required at a mol e
therapeutic targéeftreviousObepanr ethit ht@s shi ghl
instrumeana@aér ichevel opmentNFaBidde preent daesNM EBa nsd i n
independentHomaenwrar,s.in thd KKloangd ekéemfc @bt i nu
overl ooked, and its role on downstream gene
Therefore, t o f urrtohled Kaifnmdeeg wslt aatnido nt habfu I dkn c o g «
RNAs equencing studies are nmnetdheomrds ittol e e natnidf
dependentAdgle n é ©nddb-nieyd i aatsecda nmoonN F&kBasl i g n ahlalsi n g

recently been |l Kddretpiefnideechtt o ibe i s i mportant
upstrkiamase whi clhKai eng utlhaitse snov el aing n all Ision gt
downstream binding partners of pl0O0, whi ch

pat hway snawh ibeeh r egul Hh/lekd Y0 @ h&xi s. speci fical

The key aims of this investigation are outl:i

1.To <car s korrettatd -RNPAue nc iOsgelon | i ne sampl es
wi t hlokskCRI SERs9 kno,ckamavnt o validate thes
| aboratory. techniques

2. To characterise the uasienhofbinoawleel pesnedl éeckt i
signalling.

OKDo identify the MAP3 I #b-inmbcwrd aepemsiemlt e
signailnl iU2g0S cel | s

NEWDWaGecRUWE! GYq6 13t It WYNnWad6RY Wad !t RY Wel WWERNG G

] R2 13U Waq 6 13 W pYagdHYNRIURIHILLFIGYI WY n Wf uu ¢ WRUWY q6 131 LWH
q6cqllf uuc Wl WNeadcecqllt W6 WGl Wttt RYUWYnWaGedaqR

ITTRaqRYUCOG! AWR q NAR W64 fEI1¥daldEW Re D0 dild) 6t 1oy ULdLER 0 RLLG M
N @NIGUUT JUqwae U0l 1O
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All materials and reagenAlsdmwiecle Oihe mii aneld Com
(Pool e, Dorset, UkK) , unl ess otherwise specif
Supplier Reagés]

Barnford Lab|Et hanol

Boehringer MDithiothreitol (DTT)
Ltd (East Su

Bi-kad Laboral{SDSAGE mol ecul ar weight mar
(Hertfordshi

Car | Roth GmAcryl amide Rotiphorese Gel
KG (Karl sruh

Corning B.V |[Cell culture fpaaslksy pliaees
(Buckingha)ns

I nsight Biot|{Recombinantlbhaoacahl GHT agoni
(Mi ddl esex,

MRC PPU Reag|pl asmid PUNAO(MKHANSsStruct)
Services (Du

SarsA6d& Co.|5 mL and 10 mL serological

(Leicester,

Thermo Fishe|Bovine Serum AIGHh wmiami Nk’ A ,Gi
UK Ltd (Leic|Peni €itlrleipn omyci n, Dithiothr
UK) Bovine Ser™m (MxiCocyobs 5 A Me(
mer captoet han almi-Zdpilctheod $16i nd o

What mann (Ke|Nitrocellul ose Membrane, Wh

21
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Huma@Sepitheli al cells (U20S <cell l i ne) cel |
(passapgey &8nd were initially obtained from
(ATCHost experimental work was carried out I
and Electrophoretic Mobility AShi fctel Assaiyl t UE

throughout this study was conducted under as

hood (Haraeus I nstruments).

2. 2. 2CRKRERPR/ Cas9 knockout cell s

CRI SPR/ Cas9 targe}t imags CHUKI gne&KK using in sil
tools to ieddnmntcifenclyi glarget sites within the
i ndependeontsgRNAs targeting distinct regions
on preditcatregdetonef fi ciadndoafrfgetd ef hemts and ¢

validated I entiviral constructs from Addgen:
Bl ast or | entBIlCasst9 nv e cDt1d0rAs), enabling stabl
lentiviral transduction. Thnee dt htroe et agsr ggReENrAesl Kvkt
as follows: CHUK gRNA (BRDNO0001149372) (PI
(BRDN0O0O01149269) (Plasmid #77034), CHUK gRN,

#770FHh)ese gRNAs were pooled together & o pr ol

knockout .

KO RUgc RURUNDWO UGG WHz2Gael 1J

U20S wildtypel KKCERI 9IR®S9 lonueekl|l s were seedet
maintai7édmilmsks in 10 mL McCoyds 5A media w
serum, 1% penicillin sglretpammye.i nThRhingd méod i( &/
every othe€el daywere routinel yAGt wi ¢th 2.5/ ICOcC
SelectilKKgend kboweke maintained in McCoys 5A
additimhmidfasi i ci dnghmiaund my.c4 n3evelly Rassages

2P
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Cells were enabled to proliferate unti/|l fl as
t hen media was aspirated from the flask. Cel
solution, and then 3 mL 0.5% trypsin solutio
3 minutes. Trypsin solution wascabpitedt d Co ¥

5A media was added to the fl ask.b Tthiemdd awtki Iw

being kept wupright throughout. Cell s were r
mL pette. Cells were generally split 1:5 fro
were placed in tissue culture plates to be wu

ZHOZONWAz RIJt HRUDWHIG Gt

Prior to carrying out experiments, cell s wh
culture plates were9:%aborfdl aeo®n gy.owkFdlol ®wWi ng
containing 10% FBS, 1% pentigdiultlaiiTm net rweapt cansyp
and cepl avi th McCoyds medium which was not su
were routinely maintained in this serum freece

agonists and or collecting the cell sampl es

ZHOZIOPWO GG W qRGztGcqRYU
Qui e s cue2nmxs Cel |l s wer e stimul at ed t hiboughou
recombinant protein (10 ng/mL) and LI GHT Iig

ZHOZHOZ W9 G 0 W ¢ O GadJ ke 1@ O #) R e eAdlin WA 1A

Firstly, Wi KHaKCtRyl Sé&ERa39d lon®@IKS <cell s were <cou
appliaahaemocytometer. Approxi mately 100, 000
and enabled to adhere and proliferate&a&KKuntil
CRI SERs9 lmnao#d wildtype U20S cells, three di
was carried out for three different passage
i ndependent stimulations and a total of 18

confluent, cel Ins swaruen ifmewb antead ai, to induce

PAD



carried out for 8 h prior to the first sti mu
per passage belfilg( 1tOr enagt/eml )wi2tdh h pri or to cel
another dish per passage forlidd® agl/ImL)y Be

before cell |l ysis. The final di sh per group
a negative control for each sample set. Fol
di shes containing cells were pladediorcitd g

by applicantiRbd cbnBambmegcdP@Pt oet hanol per 1
buffer preparedlA€ndhstsope@patr atory process |
2 1.

. Pt NPT e—"
2 2y e \J ﬂ, i“-ﬁ' ;
Count U20S Plate approximately ~ Quiesce cells in Direct lysis RNA
cells 100,000 cells serum-deprived extraction
(grow until confluent) media
B

S S N
Count IKKa Plate approximately ~ Quiesce cells in Direct lysis RNA
knockout U20S 100,000 cells serum-deprived extraction
cells (grow until confluent) media

Figurnne R.schematic diagram highlighting the
RNA extraction.

U20S wil dd KPRl SIBRs 9 lond2®S cel |l s were count e
into a dish. The cells were enabled to diffe
in quiescent media. Cells wetdlle( X®hemg/uml) efadre
or 24 h, and then directly I-80A&ur.i ofrthets®e RNA
extracti on.r eFatgsudr les iwmags &0 mRender .

= [O= OT WA W+ ql ¢cHqRYU
To carry out RNA extraction (RNeasy mini K

retrieved, and the surroundings were sprayed

2T



Fi sher Scientific). The prepared cell | ysat
resuspended with a syri ngle). wahse nt,a kaelnl utphebys at
and placed into a 1.55mnmetbBppehdwas Budbed 390
the contents were mixed with pipetting. The

afretsuthbe containing a detachable spin col umn
for 15 seconds (10000 RPMgar deElde afmldow hteh rspu ql
was placed back into the tube. Trie RRWNWA bwad ew
and centrifuged for 15 seconds at 10000 RPM.
A DNase | and Buffer RDD mi xt umLe awealsL 70r eat
respectively per sample and added to the spi
room temperature on the bencrn Barf fk5 MRIPE., RO
buffer with ethanol was then added and then

at 10000 RPM. FI ow through was discarded ag:
befor e, but centrifuganabnlWw@80cBPMj ednadutl ¢
was discarded. RNAwsast ¢ ywaBOr was added to t he
and centrifuged for 1 min at 10000 RPM to

representation of the RNA extraction method

2Y



1. 2. 3. 4, 5.

Scrape cells into 350 pL Induce ethanol- Transfer all contents to Add 350pL buffer RW1 to Add 10uL DNase 1 stock
RLT huffer containing mediated RNA the spin column. the spin column solution to 70uL buffer RDD

10 pL precipitation by adding to form a DNAse solution.
B-mercaptoethanol per 350 pL of 70% ethanol
1mL. to the lysate and mixing

" thoroughly. R —
" Ethanol
— T, — g
s -, -
] U— = L

Centrifuge for 15 s,
then discard the
flow-through.

Centrifuge for 15 s,
then discard the
flow-through.

6. 7. 8. 9.

Transfer DNAse Add 350 pL of buffer RW1 Add 500 pL of buffer RPE Place the spin column

10.

Place the spin columnina 1.5

contents (80 pL) to the to the spin column. twice. in a 2 mL collection mL collection tube and add 30
spin column. tube. pL RNAse free water to the
/ﬂ spin column
,J‘ ERS
S — J—

1. Centrifuge for 15 s, then
discard the flow-through.

Centrifuge for 1
min to elute the

Centrifuge for 15°s,
then discard the

Incubate at rcom
temperature for 15

Centrifuge for 1
min to dry the

min. flow-through. 2. Centrifuge for 2 min then %Z@E??”emm RNA.
discard the flow-through.

Figure 2. 2. Wor kfl ow overview of RNA extrac
RNeasy Mini Ki t

The schematic il-dy@msepatpevcedareastépr i sol at
cultured U20S cell s. Briefly, adherent cell s
using RLT buf b-reer ccaopnttoae tnh aango | to ensure com
inactivation of RNases. §ehde 4dnyds attrea nnsafse rt rheedn
membr ane spin col umn, all owing selective bi:
steps to remove contaminants s,lhd Rpluarsi tpr oRINA 1|
was el ut edf riene RiNeagseer e cr eat ed on Bi oRender . c

= IOAY Whue ¢ UgqR3HEc qRYU

Foll owing RNAlLewthsacmmend, a2 el y removed from
anot her EfpprenglwadRNAIi gael dnand purity (A260/
were determined using a NanoDrop spectropho
The remaining RMAO wWaC fsotrorfeud uarte r ev-gPGR t r an
or sent to Genewiz at Azenta Li fsee gSuwed necnicregs. o

20
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Prior t o c arqrPyCiRn ge x@pwetr i Ré&nt s, compl ementary
synthesised from total RNA wusiCmagppathey Ap DPINA
Reverse Transcription Kit (Thermo Fisher Sc
following thei manmudatcit ame.r ' Boygo fe atcdit ale aRNA ov

used. The required volume of RNA -fwaese cvad tceurl

was added to make tthe volume up to 10

To reach a tot al me aciOo bnr geokeume bDfa@dcripti
was prepared and added to each sampl e. The

detail ed2.iln Tabl e

TabRel Composition of the reverse transcript
20breacti on.

Reagent Vol ume per rea
101 RT Buffer 2
251 dNTP Mix (1 0.m1mR
10l RT Random P 2ni
Mul t i S\Reiviee se Tr a 1n
Nucl efarseee Wat e 4 .1
Thermal cycling was carried ouAdomddnN mhe, f

AGor 120Adiom, 58®min, fol IAweaichthy & ahmopllde sa twedr |
The compl ementary DNA syh(AResi sed was stored

= O= HOpuMA L9 AL

RFTgPCR was routinely applied t o measur e g ¢
stimul adlh)ormags di fferent ti me points, with dif
medi at ed knoark dtorwenatamednt wi th specific inhib

™M



YoynTowAD DOE! RGO I

Pri mer sqROR WeT e

inserted

sequences.

specificity

targets

reference

of i

FAST/

based o

ei tdree mnodvéoniiggh @@ t ar get

i nt o-BtLhAeS TNGA@ Blo | Proirmesrel ect ed
I n the | atter t he

case, primers w

and eobsureaflbpety pwemer neequences
t hi svidthudHy Rarle beu tnigi n

g grPeC Rf erx pealrli mRTt s

nt er est i n

Tab2e2 Primer sequencegsPQR.i 1l i sed for RT
Target Forward Pri Reverse Pri.if
inter e
CXCL5 5€AG ACC ACG @ 54TC CTT cCcCC ¢

GTT CA3T6 C CAG GGAOG
CXCLS8 54TG ACT TCC 4 54CT CAG cCcccCc T
GCC GTG-3GCT AAA ACT3dadcCT
CXCL12|5€TC CGC TGT ( 54GT GCC CTT (C
cCce& o GTA GE®
DHCR7 5CC ACA GCC 1 5€GA AGT GGT C
AT G-3® AGA TG36 C
DHCR24 | 5€TC CTG CCG ( 5€6TC TTG CTA C
CTT A3TéC TCC TTX6 C
GAS7 5€TC TCA GAA (¢ 5&6TT CTC ACG G
TTC -3¢€ CAT CARB&GG
HPRT1 5&AT TAT GCT (¢ 5€TT GAG CAC A
TTG GAA3AGG GGC TAZO6 A
| KeK 5-TCT GGA ACA G 5&TT ACT GAG G
CAT TGA3QdCT TTC CAG3&TT
| KK 5£GC CCA ATG A 5€6GC ACC TTC C
CCC -BG ACC 806
OSCAR 54CA TCA CTC (¢ 56TC CAA ATC T
TGG -3® CGG @3BD

TN



YoyYnTuowAe WO WGe!l ¢qRYU
Prior to-qRQ@R, ntghceR®Tt0aimbhgc DNA was thawed or
mastneirx used for reverse transcriptnmnof was

nucl dasxe water to e@rdersampd eal Sy btRhawed on

A vol ubmtobfthe diluted DNA was addedwelol t he
plate (Applied Biosystesmyilend tEraicphl isaanpd ef owvra se
ensure accuracy and reliability. A master mi:
interest, with enomigédr voeéluime Tlhe addmnBR&&KiIi ti on

mastermi x is @ut3lined in Tabl e

Tab2e3 The composi tgiPoOhR onfa sttheer fRTX f or each re

Reagent Vol ume
SybR green 10
Forward pri me 0.mM
Reverse pri me 0.mMm

Nucl efarseee wat er 3.1

Yo ¥mdAAe AIORUY gl e G DU0UqcecqRYUOE UT OR! HGRUNDKGE | ¢ G L
A Quant Studi o5 PCR FmadhkirneSc(i BEmern mho c, UK) W &
following settinghdg orolldbi e cotnadgsg dtol9D wed |
40 amplification cycles Adoomrsi B3 i sigk@adds 0%
seconds,AGod 13 seconds. A melt curve was cCoc
validation to assess amplification specifici
YaoYynTwAg®AGOUY ! Gec Rt ¢cqRYUKEUT oc Uc ! t RY

AIRFPCR data were analysedetrelgamievefta nt lee
housekeeping ,gewmltei chPRWds usedt hoougMersama.l i s a
thr eshol C)vptsbever e obtained for each sampl e,

calcul ated using the following equation:

Y6 o 60 00

—
Il



Rel ative changes in gene expression were d

met hod, calcul ated as:
Y6 o0 Y60 Y6 o
Fold change in gene expression was calcul ate

“Oé "ﬂn. ‘8 .‘Q.Qc %

For genes with very | ow basal expressdgshon | e\

sti mul atcihoann,g ef ovladi ues were disproportionatel

informative. Therefore, for t hese genes,
normalised to the maxi mdl eabsesged B6S PEMTE
maxi mum response (% max) . I #ib-it rhd sCc eap pfr wlad hg h

value for each gene was set to 100%, and all

this maxi mum.

= FOORM A Whie ¢ G Ra! WnY! WA Wt Yhue JUARRUNDWe U
To determine whether RNA was of adequate q
extracted from cellul ar sampl es, RNA conce
utilisation of a ThermoFisher Scientific Na
overesti madamnbevhimthl uenced by contaminants
Sample RNA was quantified again more sensi:t
techniquéeswing shipment of sampl es (tEos sGexn e wi
UK.)

ZIOOMIFIO 2 O ROBWAIDUHRUDN

Theampl e RNA was initially quantified, and qu
NanoDsmpectr oph(oTthoentemoeRi sher TEei &NAI Eongentr at
260/ 280 ratios were measur ed2.dndprwiotrhitno tshe
transpor tqéPtCiRgn .l iBT ary preparation, bri dge ai
and read alignment to the human zgeanto nmez ewasa C
Sciences. The werlgfuleowi mfgy tctag rRA o0R1.3i1i s i |

TO



Samples shipped

in dry ice .‘ Qubit assay
o

Genome

l DNA fragmentation

l 2w T s T s g
L i ]
| - ’7 — Fragment
) = analyzer Adapter T
=
IO,
Extracted RNA Additional RNA I
RNA samples quantification and quantification and quality s
ibrary

quality control

control

Library preparation

'

Attachment of single- Flugrescently labeled nucl
stranded fragments o
to flow cell surface

|
AJ
M ! Wi

| .
R I B e
LS

Bridge
amplification
cycles

R

1 l

Amplified clusters Data collection

Ml IHII-M g
Sy N
L N

DN.&;ﬁachment to surface
and bridge amplification

. .
SN Mo
N S

eotides

o o

Contigs (overlapping regions)

V" Reads cluster 1 lREﬂdSC\UStEIZl Reads cluster 3
v '
Sequencing L
cycles L e | |
_/ —— &
i h
I —
- (—
| j— e
e ——
T —
—
i

Library sequencing

Assembled sequence

Align reads to human reference
genome and data analysis

Figure 2.3. Overview of the RNA sequencing w
Sample prapdr dtajpRaMAI negx t r aguamo@tini fi cati on and
wer e condhuocutseed, ibnef ore shipment of H®PLRMRpl es t
l' i brary preparation and substgQuéntwasaeed wer
Bi oRender. com.
Each sample was independently repeated thre:
treatment conditions. This is outlined in Ta
Tabl2e.4 A demonstration of combination of t |
di fferential gene analysis.

Group name Sampl es

WT Unsti mul WT contr ol 1, WT cont

WT 8 hour s WT 8hr 1, WT 8 hr 2

WT 24 hour WT 24hr 1, WT 24hr 2

TN



ND33 Unstim| ND33 control 1, ND33 <co

ND33 8 hou ND33 8hr 1, ND33 8hr

ND33 24 ho ND33 24hr 1, ND33 24h
To carry out the differential gene anal ysis
genes expressed in dif fgerroeunpt ctornepaatreesnmt@ Iseeat ki

to be compared. Thi s2.i55 highlighted in Tabl e

TP



Tabl2é& A description of sampl e groups
anal ysi s.

First group for Second group for

WT Unstimul a WT 8 hours

WT Unsti mul a WT 24 hours

WT 8 hours WT 24 hours

ND33 Unsti mul ND33 8 hour g

ND33 Unsti mul ND33 24 hour

ND33 8 hour ND33 24 hour

WT Unstimul a ND33 Unsti mul

WT 8 hours ND33 8 hour g

WT 24 hours ND33 24 hour

ZFOOMOT RI UHEqWf G
Cel
sol
30 min.
applied
ti
Al

fixed
PBS

| s

| s wer e
ution 1in
Cell

overnight

wer

me s and then
e-Xx @b

t hout

Mouse
Wi
i ncubated in
i des

mi croscope sl

detected by wuse

for

e

(I'nsert
exposeareektbsl oghtovéhslips
DAPIMM)hac!| aar
by
of

t hen

n a

GgeUY] eYIl Dt HIUAD
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ZTXOER E

Yo ¥XpTHOs8 ! RDRUKYNIO~Yet DIOEGHI ! YORHRIO[ RAI YHG ¢t gt

WT and -dednei ent C57BL/ 6 mice were wutilised
l nstitute of I mmunology, Del hi , | {dipprilovat it
no. #258Moluls)le Embryonic Fibroblasts (MEFs) de
i mmortaki ded ai |l ed 3T hei gdeafleiyci ent MEFs uti |l |
study i Kallaindld Kk noc KkEFts These cell s were prin
this study for EMSA experiments.

YaYaTXaYO9UGadORaGagel JOOPNPOHRIIG G
3T3 cells were cultured in DMEMgl( Gt Bmbhecant

1% penicillin str eppasosnaygoe dnt.r y@Peslilng swern ®n as
Sectid2d@n Cells were xaddad ei dticchGscmor EMSA.

YovYpn T TX#olsaE | G GdIIeEl Kt Ge | ¢ qRY U
3T3 celclMscuilnt u6 e di shes were washed with 1 n
cold PBS + EDTA (1 mM) was added, and cel | s

scraper. Cells were centrifuged (13000 RPM
di scarded. Cel |l s nwelmiex yrtecspulsgpsermidce de xit r act buf
vortexed for 2 min and then placed on ice fo
ti mes. Samples were centrifudeaddhdn30YiDo RIPMs r
extract buffer was discarded. The mpreuclleetarwas
extract buffer. Samples were then pl ak®d in
water bath for 30 seconds, vortexed for 3 mi
tot al of 3 times. The samples were ACentrif
Supernatant was <collected in separate micr

di scarded. The s amp0A«&s Breeroe es tussriendy athe s ampl
concentration of all samples was -qompatfibkd
protaesismy. This technique Regua®&nmeBi @R&®E)Y ot ei r
protei Reag®a\( Bi aRad)e made up to an.A5B 0 wor k
wor king so2.uitn wmnl eaanrd e x twearcet isnachupbla@eihe Eppendo
tube together at room temperatbD€epfotrebnmass
Reag®&nt Bi awRadl)ded to the Eppendorf tube and

mi o promote a <colorimetricondeacbnen wdueh't

TT



formation -odpmempr@EIltle) ni on compl ex. Protein c
Bi oPhotometer Plus (Eppendorf). Sets of samj
nucl ear extract buffer by use of the foll owi

, - 0d wanaQ
WE QOO0 QAN QU @
ucnsufbla(ansouommnfbéOQ P®

Yo XRXIE~E ONUGKGI WGel ¢ qRYU
EMSA gel was prepared in a 100 mL beaker us
|l isted in Table 2.6.

Table 2.6. Composition of EMSA gel preparat:.i

Reagent Vol ume

Tr-Gby ck hTeA 36. 7 ml

Acryl ami de 8. 35 ml

50% Gl ycerol 5 mL
10% Ammonium Per 50 0L
N, N, Nl'etN'amet hyl et h 2 510

EMSA gel was then cast into a glass plate an
the gel. The gel was enabled to set for 1 h.
cleaned with distilled water. Well s were dr

out sofdet he gl ass, and the EMSA gel pl ate was
Gl yckEhleA in the middle section to fill the w

Yo XpWHOAT YADKGecHWGaRUNON Y IOE~E

To prepare the probe for el ectromhoafetn wc Imoadl
extract was cmmhifned nwiitnlgmd w1 abebdh@dOpbobe
mi crocentr iTfhieg ed estrdasn d e d oligonucl eoti de pr
consens+kB INIFndi ng sites wi t h t(hFeor wa¥ Id o wi 5\
GCTACAAGGGACTTTCCGCTGGGGACTBMNECAGRGBABG S e:

TY



CCTCCCTGGAAAGTCCCCAGCGGAAAGINICCTAGTAGCEr ee
oligonucl eotide contr ol mnwad pri enpda rnegdriblugl ff mir x i
3Pl abell ed probe, to serve as aAlrlefneirxetnucree sf ow

incubated for 20 min at room temperature bef

YaYaTXaQtl] Jatol e UURUNeOgl ¢ Ut nJl toc UT IORG ¢ NRUN

While the samples incubated i n #ume foadi2®a enti i
at ¥O0OFoll owing this, the gel runni ngb)was pa
were added to the wells. W.heThgeelgewa swarsu nr ef noor
the running tank and placed on thick white
and then placed into a modelA®8B8 Beh. digerg¢
placed in a cassette and transferred onto a

and the membrane was scanned on a Typhoon sc

= KOERDH ? Wal ¢ Ut nJHqQqRYU

A mixtanmpobyet hyl engd Aprli WBei,§ ulr a@an2. 40Mt Coy s

5A media were added to an Eppewdalolr fpltathe bHeo
transfected. This was wupscaled for multiple
room temperature for 15 min. Fresh media wa
70%onfluent U20S cells and the pcDNA sol uti.
sterile conditions. The media was replaced ¢
Polyacryl amide Gel -EAGE)X ropmplres, son SD&r i mm

sampl es.

TO
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Smal | interfering RNA (si RNA)
Scientific (Dharmacon product
RNAIi MAX reagent following the

ol igonucl eoti

i ne) .

Transf e

manufacturer 6

t ai Ifoorre de i-wehlelr-weli2l 6 pl at e f or mat s.

compl exes were prepared fresh

and

si RNA target genes and sequences

YM

For-lepcll tor

ar

scal ed acc

e

di spl ay:«



Tab2e3i RNA Target genes, sequences and sourc

Target Target seque Cat al ogue

| KaK( CHUK GCGUGAAACUGGAAL Human CHU
Cat . fDd:3 40/'B

| Kb | KBK GAGCUGUACAGGAGA Human | KB

Cat . dD:35D3

No#t argg UGGUUUACAUGUCGA No#t ar get

Cat . rOoC:1 812 O

YoQRTHO YOGUIU+O[ YI G¢qRYU
Tube A (si RNA Solutionwel IFopiiaetae,h sSv& NIA ef o a

di |l ut end iord-MEMLt I Reduced Serum Medium ( Ther m
of -wel6l plnat ef %i RNA was ndi 6fu-M@MWMt i Mmhildg2t Gbe
gently flicked to mix and incubated at room

Tube B (Lipofectamine SoiwetlilompiLabkgril RPpadle cwea
RNAIi MAX reagent wlasofd-MEMitieHoi ne&8weilvkel pl af ea
nm. of Lipofectamine RNAMLMAX-MEaK | dihli st @ di bien wla
gently mixed and incubated @daheroomtemmpeohtt
(si RNA solution) were then gently adgleendt Ityo T
mi xed. The combined mixture was imichuob aaleldo va t
I iijiidRNA compl exes to for m. For experiments
| i sweerde scal ed accordingly to create a trans

variability between well s.

Y oW DG G Al BGel ¢qRYUe UT ONIT ¢ Ut nARqRYU
Whil e t hlei psiidRNcAcompl exes were incubaoi-w@l !l adh

pl ates were prepared for transfection. The ¢
were washed oneMEMvi tThh eX dFEOMEMt was added to
wel | tweld 1p2 at e, and 1. PwenilLl tpol aetaec.h Fwoellllo winn

t he sliiRNAd compl exes were addem aifr etchtel ys itRol

Y N



Li pofectamine compl ex mixweulrle pwaast ea dwdeeldl t(of i
mL per werll waser all@® dvetld edah e6 wel |l (final voc

The plates were gently rocked side to side t

Yoopatof Ue He quRIYO W WD #HOARY Gito9 2 Gigqe | 1J

The cells were incebateadnwintgh2nkhlk asif RNBAG i n
i ncubator. After incubation, the media were
compl ete McCoyobs 5A growth medi um. Cel |l s r
transfection before being harvested for down
extctaon or @mruatndiinf i ceaBAGE &dryd SWSEst ern bl ot

YaTYQ@®K IIGCE | ¢ qRY UKY n 10BN 0 GeredccUil G 113 HonlY | DHBBHPGEY q) HO¢ U ¢
Cell s were osmellilt pilmttee.a WhzZn ~95% confl uent,
with $deremqui escent media to prevent excessi

then-t peated and/or stimul atéed whatesapgliec

ie, washed twice in ice cold PBS and cells w
HCL, 2 MMM, N&5 mM EDTA, 10% (v/v) Gl ycerol ,

Bromophenol Bl ue, 50 mM DTT) . Il ndi vidual

coll ected usi mpd aax edy riinngpe Egpmpendor f tubes. S
placed in a sterile boiling wa&tOd@ntbathtfionre -
use.

SO ARIJGGa0Gc] Wnl ¢cHqRYUEqRYU

WTU2 OS @aldl dCkRM SERs 9 lond2®S welrles grown?in 100C
di shhendd grown unt il 90% confluency afnrdeesubs:
medium f.&acB4sbampl e r equ?di esdesl.Ixs 1wWwedr emnwa s h e
ti mes wiotlhd iHEeSS buf fer (REDMNM, HEPESMM1l1smcr os
7.4). Cells were scraped in 4 mL HES/ I nhibit
and 1 protease inhibitor per 10 mL added on

transferred into a 15 mL fald coxngtédbe &nadni a
supernatant was r elneotv ewlas arnals utshpee npdesld i n 1

Buf fer and transferred into a 1.5 mL Eppendo
|l ysate was transferred into a 5 mL ®RIPtMracent
in a TLA 100.4 rotor for 20 min. The supern

Y =



ul tracentrifuge t ube-de(nwhitcyh nmeanbtr saadnees s iatnigg h |

me mbr ane cell organell es) and stored on ice
HES buffer and | ayered on top of 1 mL HES/ Su
sucrose i2n5s0t enaMl soufcr ose) in a 2 mL wultracent
were centrifRBMdAO atL S255G00 ot or for 60 min. TI
sucrose cushion was collected using a syring
transferredmbLntudta aceemshi 5uge tube and dil ut
Buffer without sucrose) and stored on ice. T

containing mitochondria andbLndE$Sebuf wars asmudp

on i ce. The supernatant f-dreonns | € § r ldenedrs i ltcgown t
me mbr ane organell es waRPMantTLIAf U®&®dd 4atr 01 60 OC
The super nhdmxnitt Y lmevmbr ane organell es) was t |

tube and resusple ndEES B wnf fle50 The pell et con
membr ane organelles was transferred into a
membr ane -daedsil tow membrane fractionBPMenr e cel
TLA 100.4 rotor for 60 min. For the plasma 1
di scarded, and the pellnetHW@sBuffsespamdetdr am
a 1.5 mL Eppendorf, giving thedémsniat y pinamimaa
fraction, the supernatant containing solubl e
a 1.5 mL Eppendorf-degsvinmpgaed e Al Inaflr d otwi ons
with the appropriate volume of 4x sample bu
were subsequen20Dy A€t droed-PAGETrandD®estern b

experiments.

o= IO T e | W+ ql ¢cHqRYU
Cel |l s-wied | a p6 at e wer e wlaischeedc otlwd cRB3,n t2h0eOn s c

mL ofcoilcde PBS. Cell s were recovered by centri
supernatant was aspirated, andLlcoed |Issalwe rbeu fri
(Buffer 1, pH 7.9) to swell t hemcoel [10 % n(dwv/ivn)
NR4O was added, and vortexed at full speed

carried out at 13000 x g for 2 mimBuahdrtBe
(pH 7.9) was added, vortexed briefly to | oos:s

YO



20 minACGat Bppendorf tubes were sonicated in
seconds, t wi ce. Sampl es were <centrifuged a
supernatants containing nucleus were transfe
mM T-HCk, 2 smW N& mM EDTA, 10% (v/v) Glycerol,
Bromophenol Bl ue, 50mM DTT) was appli-ed to
PAGE. Samples were boiled for 3 min in a b
subsequent |-Y0A€itnotrieidr eaetq 6-PAGEB.DS

Zo=tolN e aul Y G IJ1ELIF'{GF'€G]CCI]|?YU

| mmunoprecipitation was <carried out for end:
this study. Initially, the U208 sctedd sanvkerer
unt il 95% confluent, and subsequently quiesc

YATY@mTHO UGG ! t cqUlORYGOGUWHqRYUKE UT OGI WGel ¢ qRYU

Cel | |l ysis was conducted by the foll owing si
mL each wash), then scrap-EHGLIi pHI ¥ys#4s-1D%®f Treit
plus 1 Roche Mini Protease I nhibitor cocktai

the day of t he mixopferliynging . b bf0f0er walsdi sthded
containing cells on ice. Cel | |l ysates were
mi crofuge tubes on ice. The tube | ids were :
them shut and -0 eemels rwd hadet@A@ nrt he colmd r oom.
of cell |l ysate was obtai n20h @arfitoerr troo tcaetntorni f:
Sample tubes with the remaini RPMyAdioe WAdr e
mi n, anmmadf 30el | |l ysate was collected and froz

and transferred to a fresh tube on ice.

Y oYY HoAdD e | RUNIOHIJG T HOG! + ¢ q 1Jt

Pr-el earing of |l ysates wasppepein focmedotei nemo \
beads. Bmiedot yCakRbi ochem Protein G Plus/ Pro
(Merck Millipore) waslL wafs hferde shwilcyes iwa tbhu f3f0elr
at 3PPMM or 3 min an 4lAQuUoA 3000 cell | ysate s

added to the washed Jeaednsd aantd 4r oAQ tfedr e mi

Y I



were centrifud@®ePd a3garim,( B00C), and the resul
transferred to new tubes without disturbing
YovafTGmahax qRYUIOs Ra6OGI Racl ! toc UqgRAYT !

The -plreared | ysat e walsa niHWAc udaggt ieldodw tedhnd® r ot a-
Abvernight. ®As abmpfler evas3 ol |l ected at this s

troubleshooting i f required.

Y aTYymX o7 3¢ T toHRUT RUDN

Foll owing antibody incubation, Protein A/ G s
by washing and centrifugedft wieaa wiltulhrlyy svias
each anbtownmdyl ysate sampl eatam@ Tioda as &mdp If o v
centrifugR®BMaotr 330 0MiCn aantd dbeads were washed °
buffer.

Y aTYmWIOEC 0 GO IJWEG 2 qRY U
Sampl es wer e2xnixendplwa tthuf f er coanbkhoinli emdy OIT T !

AGor 3 usen ifBASES and western blot analysis

SHKENDRR ] EWdId gt Wagwe Ucda! + R

Thick 1. 5PAGE SPe&SI s were prepared at acryl ami
f r o+ 080, depending on the molecular weight o
resolving gel formulation was adapted accord
compositionutofiskbdPA®H spSre2Sent ed .i8n Tabl e

Y P
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TabPk@&.Compositi olPAGE &D&Yyl amide resolving
study.

Recipes are sufficient to prepare either
gels using standard gel casting apparatus.
Reagent 8% gel 9% gel 10% gel

Aut ocl ave 11. 6 mL 10. 8 mlU 10 mL
water

Buf f e(r9 0 1g7 6 mL 6 mL 6 mL
Tr i s bga sSeD

400 a0, pH

8.)8

Acryl amid 6. 4 mL 7.2 mL 8 mL
APS (10 %) 200 OL 200 OL 200 OL
TEMED 20 OL 20 OL 20 OL
80L0. 1% SDS was added foll owing resolving
The gels were enabled to set for 30 min,
gel Stacking gelcowmpso sprtdmparseodi.c kTheg gel
Tab2 e9

Y 2
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Table 2.9. Comp PAIGEI cancrgfi a®mD8&e stacking gel
study.

Recipes are sufficient to prepare 6 thick (
casting apparatus.

Reagent Vol ume

Autocl aved pu 9.75 m

Buf f@0.25 g Ti 3.75 m
g SDS, 40@® mi

6.)8

Acryl ami de 1.5 mL

APS (10 %) 25 0L

TEMED 4 0L
Stacking gel and combs were added rMarel 25 mi
|l ysates were | oaded into the wells of the ge

129 constant voltage for approximately 1 h a
t he cell |l ysates have successfully ran off

transferred onto a nitrocellulose membrane f
a comtstaurrent of 300 -snpAe.ci Td cprpagwdareti nn dmn
me mbr anes were blocked in 15 mL 1% BSA in NA
g Tries abnads ni PW&®den 20) for 2 h. Primary antib
0.2% BSA in NATT buffer in a falcon tube and
overnight. The details of wutili saeedeupdii mady i &
Tab2.1k0 .

YT



Table 2.10. Primary antibodies utilised for
Protein of Anti body S| Speci Dilution
Phos gNHkB 2 Cell Signa Rabbi 1:3000
(p100) Technol ogy (polycl
| K&K Millipore Mo us e 1: 6000
(14A231) monocl
pl kKK Cell Sign Rabbi 1: 3000
Techno2®9¥%S pol ycl
J NK Santa Cruy Rabbi 1: 6000
Bi otechnolo(pol ycl
Phos pNK Cel | Sign Rabbi 1: 3000
Technol ogy |pol ycl
NFkB2 (p10Qq Millipore Mo use 1: 1000
(32538) monocl
HA Il nvi troge| Mouse 1:1000
(26183) monocl
OSCAR I nvitrog Rabbi 1: 5000
(pamssasaz71y POl yel
GAPDH CeBl gnall Rabbi 1: 6000
Technol ogy {monocl
Phos gNHkB 1 Cell Sign Rabbi 1: 3000
(p65) Technol ogy pol yc|
Me mbr anes were washed with NATT buffer 3 ti
pl aced on a-49h RKWPavLo fRta Bpbr opri ate species of
(rabbit or mouse) was applied to 14 mL O0.2%
shaker at 35 RPM for 1 h 30 min. Membranes
l iquid was removed from @eodt memébranest we me mk

YY



to 5 mL &&€d 5 -2mLf o&ECL2 min to allow chemil umin
films were exposed to membranes by use of e>»
then devel 88eduitronmatJiR film processor. For r
me mbrean wer e stripped by use of 15L bmL str |
mercaptoethanol addedQ@dandO0i RPMboated at 60

= 0= DE N H
The Huma@8 EGACLS5 ELI SA Ki't (I'nvitrogen obt a
Scientific) was wutilised for ELISA experi men

Yo YmTYIOEC 0 GO IJOG! WGel eqRYUKONYI WOEX f E

U20S cel |l s wer9%5 % rcoomnf |tucen®cer, vedckrfuoanr 24 h, t
withlb (@210 ng/ mL) or | eft unstimul ated for 8
centrifuaged5( 30O, 4 AC) to remove debris anc

Yo YmWIOEXx f E OGI YHIIT 21 1J

Al l contents of the ELISA kit were thawed or
The media was either undiluted or diluted 1.
protein concentration of CXCL5 in the media
used in subsequent ewed dr i prleantt es . ¢ dlahtee d9 6wi t h

anti body was obtained nnofoms a mg!| éisod @ 154 XaOnOdaarnr dd s
were added in duplicate-18@000he@gadmh)opMihat eave

covered, and the plate was incubated for 2 .
shaking. The solution in the wells washdisca
3006Lof 1x wash buf€eanwmsl nBi petmuét i The | i qui c
every wash by inversion of the plate and vig
the |l ast wash, any remaining wash bnfoffer wa
biotin conjugate was added to each wel/l (st

di |l utfeal B WA stshayl Di | uent B prior to use) and
temperature with gentle shaking. The sol uti

were repeated as previ owosfl ystdeebpBRPaivBeddunt Ner t w

Y ®



added to each wel IHRPstsomdkut s tome pfagsV iddiiwnutt e d 1 .
Assay Diluent B prior to use) and incubated
shaking. The solution was discarded, and t hi
106Lof TMB substrate was added to each well
temperature in the dark with gentle shaking.
to yel Inoawf) , St5ddp Sol uti on was added to each v
The sides of the plate were tapped to mix th
read with absorbance at 450 nm on trhedeMol ec
pl ate readey afnmmerdiadaeilng the stop solution
gener at ed. The standard curve was used to d

CXCL5 in conditioned medium using SoftMax Pr
SOt glle #rJGdeadce!l WHRARSYOQW qdl YiWuecec UgqR3HC
YOoYRTYIOEC 0 GO IJG!I WGel ¢eqRYUe UT OO ! t ¢cqUIIORY OO UHQR
Cell s were senmeddd pilmttoe aan@ grown until appr
andi RNA was performed (as previously describ
prior to cell coll ection. niCiedd sc oMed eP Bv&a.s hdl
lysed wiiBouf880 A (10 mM HEPES, pH 7.4, 150
mM MgCl 2, O0.-B0@ ,Trphtwsa Kne Roche Mini Proteas

per 10 mL added on the day of experiment). A
transferred i(nlt.cc6 Hppe nadodr fcsent rA€uged for 30

YoYmWIAT YqURUKUY!I G¢tdRt ¢cqRYUIH! 1079 1O t1t ¢!

Protein concentration in |ysates was nor mal i
BCA Protein Assay Kit (Thermo Scientific, 2
using bovine serum albumin (BSA) a®gmbncentr
Buf femoA. emch standard or sample made up in
well s in dupweilclatpel aotfe.a Woad ki ng BCA reagent
mi Xxi ng Reagent B with Reagent A at a 1:50 r

al one was budsaendk asona r ol

The wed | plate was covered in aBA@Gnoirni3uOm niioni li
a humidi fied cell C u 2.t uArbes a rnbcaunbcaet owa swinteha sSudt ¢

using the Mol ecul ar Denvwidee | Bt ex Bteatdiean 3 Ams |k

® M



was generated using SoftMax Pro 7.1.2 softw
interpolated from the curve following bl ank

YnYpaiox RGRIT IO+ ql ¢ HqRY U

To extract | ipid from the | ysates, d 3@dB9di fi c
22B6Lchl orof ormmmathida Wl (3:1 rati aobl ywsaast ea.d dTehde
organic phase (bottom phase) was extracted a
overnight at room temperature in a safety ca

YoYaNYIoRIKQI GUIF096Yaldt qldl YOG 1+ ¢!

Samples were resusbhbeRaadt iionn 1BWf f er from th
Chol esterol Assay kit AIOnM i Ampolgeexn / Rlende r Rreoa g esmh
solution was mad e by t hawing one vi al of

| mmedi ately prior to the experiment, the Amp
in BLOMSO. The stock solution was -fPAclretcitled f
use. To prepare a working solution ofn300 mM
of Ampl ex Red reawantprsemparked owiutthiL)ozry B/ L mHR
cholesterolnmxi @az el)/ rlth ofl5est er ol esterase al
Reaction buffer to make a total volume of 5
the number of samples being used. Another Am
without the chol ester ohlLoefs tsearmgpsl ee sf corr sstt aamnddaart
mM) was put into the wells in duplicate, w
negative co0204(rlod0  mM)ndwaHs wused as w@aLogostihtei ve
appropriate Amplex Red reagent stock was app
of mMOpber well . The plates werfeC iThca bfalt edr & oo«
was measured using the Mol ecwuroare D[Dpdvaitcee sr eRl
using the excitation of 560 nm and emission
was produced by SoftMax Pro 7.1.2 sobtware

within samples was determined by wusing the
was the measured fluorescence intensity, m
concentrati on tonhfi nc htohlee sstaemrpdle waind ¢ was wher ¢

y axi s:

®N



ZIOZ0ERIE G Ut 2 AT WAt We UT WIgqb6RACTWAYOGHRCE
Adul t mal e Spr agule2 Dnevelkesy orfateasge3 80weg gwe meg

purchased from the Biological Procedures Uni
Phar macy and Biomedical Sciences, University
were hooaagdsiaf up to 4 rats, within the Hom

Densi ty, on ha lcygohltd/al?k , 1®i t h access to a stz¢

purified water. All animals were handl ed in
approvehle bAni mals in Science Regulation Unit
under sterile conditions and adapted by the

Ani mals published by the US National -213nsti tu
revi sednd9obPibpeati ve 2010/ 63/ EU of the Europe

performed by administration of general anaes

=¥ 0WWUgRE + 2 JWGI WGel ¢ qRYU

Il n this study, the rat bones were washed t wi
and then maintained in 10% EDTA solution in
changed €&€wRlemhy fo48 approxi mately 8 weeks and u
resicset.anfThis decal cification process was Cfr U«
section them properly. Foll owing decalcifica
an increasing ethanol concentration cycle, f
makdashe tissue more compatible with paraffin

before collecting the bones to embed them in

SOz oEE6e [ Yl

Protein structure predictions wer e perforn
i mpl ements Al phaFol d2. Amino aci d ,s esqgauveendc eisn
a text file and renamed with the .fasta ex
standard FASTA f oamadx a dpalbes bior&n 11 n

S
Il



Table 2.11. The FASTA I|Ificredatf oaf Al WK.aFol d2 pr

>] KKa

MESCYNPGLDGI | EYDDFKLNSSI VEPKEPAPETADGP)
GGLPGASSEKGRKTYPTVKI CNYEGPAKI EVDLVTHSD
GPKDMTAQENNLGVLHVTKKNMMGTMI QKLQRQRLRSR
LSI VRLRFSAFLRASDGSFSLPLKPVI SQPI HDSKSPG
LCDKVDKBDVRFYEDDENGWQAFGDFSPTDVHKQYAI VFF
RKRGGDVSDSKQFTYYPLVEDKEEVQRKRRKALPTFSQ
GGSLGFFPSSLAYSPYQSGAGPMGCYPGGGGGAQMAAT
QAPEMLQRAREYNARLFGLAQRSARALLDYGVTADARA
| HGQTSVI EQHA/QD/UGNVNLTNHLHQTPLHLAVI TGQTS
HGDSAMHLALRAGAGAPELLRALLQSGAPAVPQLLHMP
DSGAEVEATERQGGRTALHLATEMEELGLVTHLVTKLR
LTRLLLKAGADI HAENEEPLCPLPSPPTSDSDSDSEGP
LLLNAAQNTMEPPL TSRRGDPTAGRXNL EQLLDGPEAQGS WA
YRQTTSPSGSLLRSYELAGGDLAGLLEALSDMGLEEGYV
GSQSVEQEAEKLGPPPEPPGGLCHGHPQPQVH

The FASTA file containing the relevant amino
COSMP.C Fol l owing this, ColabFold 1.5.2 was S«
protein structures from the amino acid seqgu:t

was sel eatppdopandcdte parameters were selected

Table 2.12. The parameters selected for Al ph

Par ameter Sel ection
Number of mog 5
Number of rec 10

pLDDT 90

®0



Advanced parameters were also selected, as a

sel e
supe
avai
new
acce
rank
. ] so
wer e
for
mul t
cont
read
resi
may
was
as t

prot

ction of parameters, t he settings wer
rcomput et WinxzeCdhmi d ask was completed ai
|l able, the full output fiZdiep woaams Wionvhd vwsa.d
file which was generated from the first

ss the fiwvd ptrredctcun @alnsmdadr the protein:e
ed forHieghest pLDDT to | owest pLDDT. The
n files were then also available for the
upl oaded to RAGunwdewteosol ade Dipgmed t o e\

monommul i rmaeardi ¢ predictions by calcul ati

i meric predictions onl vy, I p TM. After g
aining the highest ranked predicted str
ily avai lpallee ftiddle.d Thed t3 ngs were appl i
dues between proteins that may interact.
interact with one another, the distance
applied.i Bewsefd tome rawvai8l &blaem glsit r ®@®ma twarse .
he range where interaction between ami
eins was possible and could merit | abor a

@
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Data analysis was performed where at | east t
were performed. For all wet | abeqaéonciyngxpea
analysis was carried out following nor-mality
Wi leksAtf t er confirmation-Wa¥yy AbDNOWAI|l waAltlubdadt ®a
analysis for wet | aboratory experiments was
8.0. 2.

Yaw@gT? DUt RaqYa gl ' tonY!l 105 3t ql UOHGYqloc Ucd! t+ Rt
Western blots were scanned using an Epson Pe
using Adobe Photoshop version 5.0. 2. Densit
| mage Programme by drawing a rectangul ar b
guantitatiwng JValoune zreamgi representing white,

background value was taken from another are

subtracted from the band intensity for the
foll owed to measnontreok hprobadnng c

For each sampl e, the value for the target p
| oading control. The resul't from the contr
standar di se iftoledqquadnd ntgheonwal ues from all o]
byetlkontrol value to calculate the fold chan

YYMaoYRaoy Jhue JUORRUNDIOcUcecO! + R
Genewi z at Azenta Life Sciences-sequeuwnct ed tk
identify significant di fferentially express

invol ved tFOASCTCry out gual ity control of t h

utilising Trimmomatic where quality scores f
99. 9% accuracy), particuBSaARgsatuttheseddt of ¢
reads with tHemor ed agpeiesonme . FeatureCounts wa

calcul ate thdéaitgen&ulsDeeqSieegn2t | wa s applied to
di fferenti al gene aindé rytsii fsy wg @ he st hwei tah ms ttaot i
expression charogsa rdgarbdl wereingi nal figures wer e
to visual iseag utelhme i RRMA d@d che oins Rpresented i n Ap

®P



YO PIOEY nqgs ¢l JKOE GG RHAEC qRY Ut
Tab? elS30.ft ware applied throughout this

Software Applications
BiRrender Construction of il
EndN@®e Reference measur emi
GraphPad pr Graph constructio
Statistical analy

Hill equation
| magelJd Conf ocal i mage comp
Corrected total <cell f
Mi crosoft Used for data manag
Mi crosoft P Used for figure corm
R Generatiosn of scri

Vi sual i s atsieognu eonfc i RiNDA d

Scionl mag Western bl ot quant.i

Pz

proj ec
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Whi | ee-dleke ndent si genaanlolniingg lismNgFm@ah | i ng has bee
extengqi3Baliyt s r ol e -kBh sciaghmmoanlilciang NWFas been | e
| KKi s predominantly known -cfamronii tk8 |1 s &NdFhha bl i nc
activated by TNF superfamily members and de
covered in chapter l1laaNOKrpbesphplB&Ké-esail &K
dependent pl00 phosphoryl ati on, resul ting i1
p52 and subsequent nucl ear transl ocation of
| KKi s thought to have a minor okB rsa dyunmddrn th ¢
despite its presegnclelhhkvd tghtkd meme cl KKK compl ¢
facilitates downskBreamnabhhongcaRAsNBtated in

NFkB signal |l idregpeind e hRAK1 mosthiyn drhievdrKKby olmpHK e

resul kBa pihmsphoryl ati on, ubiquitination and
subsequent nucl ear -ptbrOa nhsd toecradt d iome rosf. pRéeSc e n't
begun to challenge this par aadiing nc aannodrkBucnarl a vINeF

signalling, wi t h a-lbpgnedt iad¢ eldars Plfdau $SR@ge n i

l'iterature iIs increBascangl| gl secbgnpbosgphohgnl
and therefore promote e&Bwesgneddhili)cdddni cahal
studies have now higihr-lbgtietde chtaa di dlpe hde nd KK1
phosphor(y2%ét)y eornef or e, this chapter further

utilising various interventsewsmavien c |suedliencgt i
| KKi nhi b$umsesquent experi ments were conducte
events upstaiemm-hbemeldl K&t a/dp J,K®Kvi t h particul ar
identifying the upstfeamr MABB Kt I etgop dehveas! bu aet vee
the upstream MAP3K whi c hAdrdeigtuiloantael sl yt, h eesxep ea v
perfor medpltoor e whetllvmeadi ahead p AKX axi s resul

downstMREKB mMi sof orm regul ati on.

This chapter focuses on further depicting th

by &Bpbeli oé&t i TAK1 i A/loixboiztacern,0l5Z Additionally,

ef fectaCoRI SIPKRKS 9 lomdceknd novel asephiebi t-bbes | &K |

medi at ecdanmoon ckBl sNEBnalling oar edoevnpltoread p

phosphotrkluat hhenmaerxe,r eeseon of pl100 by pc DN:
dY



utilised to assesdlssttihmul eftfi@d0 o ne kHpAl &s si on.

investigates a time point where p100 is show
we l | as wel |l as a time point where p100 ph
foll owing stimul ati on to isnddegtraded whet h

phosphorylation in this-cpatomwak@!| siNFeal hi mo,r
alternatively, if it is I|ikely to-thamweniac alow

NFkB signalling events.

One way i na-dvehpermd @fKiKct s has bienevne sctoingmaotneldy i s
mouse embryonic fibrobl asta®™e mMMET6258 6d e r3idv2ed
Al t houghkno KIKout mice exhibit perinatal |l et ha
defect s, including skin( 3dBdMEK= 1| ies all atacdoch off m
embryos can be maintained in culture and pr
downstream signalling mechanypamstd KMEFERBiIi s ch
were used poelpemifleecmy ophoretic mobility shi
assess t he tempor akB-DNpxNn aminadd ngf adtfFrlbi ty f

stimulati on.

I n summary, this chapter aimed to:
1 . MeasurawiltKK i ndirect i mmunofl uorescent t ecf
U20S cells to ensaxprpsemonensts  &Kevant t
2. Uti |l isa@RIIHNKRsSsY9 lomumanld novadlnhli KitKot ocrosnf i r m a

| KKdependent phosphorylation of p100.

3.Evaluate the effect sl1lbo fn da cTadKdlpkKndh e mt t @I O (
phosphorylation and compare this to the e
NFkB and JNK signalling.

4 . Utilise a computational approach,a known
structure and binding to another MAP3K of
i mmunoprecipitation experiments.

5.Assess potenti al d o whRlb-t mn @ & ecne dalfefpkekhtds n to f
signalling in U20S -IBDINIAsi, nding meaatsiuv iet WFi
t o-1biLn MEF s .

PP
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Whil st U20S cells are a stable bone cancer ¢
with respect to bone pathophysiology. Theref
available within the department, wasiotalise

heal thy bone enviabameimteenWrsitlue i b BrKeilnatwear i c

di seases, such as osteoarthritis and rheumat
of its protein |l evels being measured in bone
gap is particularltly @n gtnhd iacalndb,oonfesickahsear ¢ ¢
i mited. Establishing i ts detectability I n
interpreting its involvement i n pathol ogica
attempts were made util iFoildnpowangr epsume sabd o

where heating and rehydration of bone tissu

met hods with an antigen retrieval step and
assesBlren indirect i mmunof |l uor ea.c elnnctee rweasst icna
but not surprisingly, the no antigen retrie\

the PFA and therefédneadimigniwaglFodhreteielv@dl\ )

NMM



FigwBrnd ack eafecd i omai nf he &Ktihbyiies atte using indi
i mmunofl uorwa $che mme anti.gen retrieval

To assesasxprkkKssion in healthy bone, rat bon
decalcified in 10% EDTA for ~8 weeks wuntil
paraffin. Sections wer e opor epratriegle nande tsruibe vea
i mmunofl uorescence was a.pelrniaogerse dw et roe dcea petcur d ¢
SP8 confocal microscope, n=1.

However, the antigen retrieval me t chyotdo d celdi ct

| ocalisaaiBingowrfel XK2) .

NMN



IKKa Dapi Merge

Secondary

|
antibody only e

o ..‘

m
Figure . . Deaemtilmeaalafhy | KKat tibia ti ssu
immunofluorescence with antigen retrieval
Rat bones were fixed in 3.7% PFA, decal ci fi
sufficiently softened, and embedded in paraf
to ED&aAed retrieval using microwave heating
min am temperature). I ndirect i mmunofl uor e

| KaK by wusaproifmalrkK anti body -5515: 1f0l0grora s & n tAl e
secondary ant ilbmadgye s ( lwelr0e0 ) capt ur ed on a Le
mi croscope, n=3.

O=IO=WNS JWII+ Gl 13t + R YallieGD 113 d YR AJWAR UdLbORE Y8 (EL

Using a standard preparation approaahn(see

U20S was exaasthredct un&KKin U20S cells similar
However, i n some images (Figure 3ai3np ,U20S i s
cells. This demonstr atagg ottleatn leixkpea eisms iroant chaon
in a human OS cel |l Il i ne.

NM=



IKKa Dapi Merge

B .. i

Figure 3.3. ExpressionaiamdU2 ®S addlslag.i on of |
S

Secondary
antibody only

Uu20S cel |l were fixed in 3.7% PFA and bl ock
i ncubat edapwiitnharlyKkKanti body (1:100) overnight
humi dity chamber, foll owed by t hrceoenjwagsahted
secondary antibody was applied for 1.5 hour:
Nuclei were stain®:@ mwinht ®APlahmhd cell s were
Mowi oThe zoomed in region highlights &he nuc
n=3.

O tognatll ) k WxyR JlceaNR T WGE Yt G6YIl ! ¢ qRY UL
Firstl|I-BAGED&Snd western blotting -cananr tyisti st iwaes
measure pl00 phosphoryl ati e&kB | ngels pponhds en otno
canoni&«mll iINGPand, LI GHT across various time p:
Ll GHT, maximal p100 pbbdpNo3FEMatwanid dhde 8y e d
stimul afTho s aligns wi t h seve2ab, r290aws34 4y

compari son, -1dsotlil noui antgi ol nL, earlier p100 phosp
and ma x i mal pl00 phosphor60 ami oot exc,cumeadur
approxi mat elnyd 10.8d N SEM, respectivel y.

phosphorylation at 918stanculla0i mhnwaessofgnl Li
at 60 minutes, while rémdidniamgl dtcoampmpa oed mait
control, respectivel y. Notably, while not gt
tot al pl0O0 degradati oenasatr e ny olblioanwi lnpgdsiHIMIL

stimul ati on.

NMO



o - — p-p100 (~110 kDa)
—

L 2 a2 2 2 T X L L g p100 (100 kDa)

oeoreTFeaTEeee p52 (52 kDa)

— e S e W s S GAPDH (36 kDa)

C 15 3060 90120C 3060 90 120240 (mins)

IL-1B LIGHT
I 1L-18 (10 ng/mL)
* LIGHT (20 ng/mL)
25+ KKk
o g ek
?20' ede e dededede ¢ ®
g’ % Je ek % gk ok
©
5 15
T
K
§1o-
2
o g5
0
Control 15 30 60 90 120 Control 30 60 90 120 240
Treatment group (min)
Figure -Ibasod ILL GHT | igands promote pl00 phos
cel |l s.

U20S cell s were either -lbpt10@emg/emLprot relaGled (
for the timepAiPhtos ppHlddi claetveedl.s wer e measur ec
|l ysates by appPlAiGEa tainadn wefst D s ibd ot p-panG@ hys i s
pl100 and GAPDH pri BlaRiyx ed ntd ebrosdiiteys . wa s guar
Scionl mageay AADNOF¥A was per f o+lbrterde atoe cc osrgppmap lee ¢
he appropriat#semnpt es|l stamdl bBLbed for 60 min
|1

t
a other samples in the relevant group ( ma

N MMM



was compared to each of the samphluwasy SAINOVWAI at
was conducted using GraphPad Prism 8, *p<0.0

Omugxbatl UT BHF WEIWUT JUqUWGNMMWGE Y G6 Y1 !

Due to the early pl00 phibsphbeylfaltilomwi ngdec«
focused on determining whetheeppbhdenphospmot
no-noanoni &BIl siNgnalling medpearnfeamiblyy TnNeFmber s .
explored by comparing p100 phosphrRh&€RYyIS#RI on |
Cas9 lnw2z®S cells (Figure 3. 5)d.enmbmetrreadwel tpsl
phosphorylation being effectivalay di mienipoh e
bet wee-nan®d5 -0 sti mul alh. onNowiatbh y,I Lt he ma X i
phosphorylation in wildtybmwasU2Q09 r o«liamad wil tyh i
9.f8old N SEM at 30 anfhédemiatarceemencstivaelg.

to those obserdvedemonds$ti gatrien@.consi stency wi

Il n all stimulated conditions -1plBduded BI0QO
phosphoryl ati on i sa GRIM MR/sCaesd®u iU@nmI KK el | s.
Additionally, pl00 akmocwiloalyd ad @ loln i yns d tKeK s a
not significantly incr eas-+dhls taitmualnayt itoinmec opropia
the control. Thi s a-deexpeenmpd e nfti e s-abtt uhrdeu d @K Ip 11 0 0

phosphorAdadittiioocatbanleldy ,atleld pl0YI!| gpthioemp hddoes not

to result in any pl00 pr-onc @ss$ienariiinned oa PHELs vev
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g e T A AR AN o A M 052 (52 kDa)
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GAPDH (36 kDa)

15 15 30 30 60 60 90 90 120 | 12
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15—
m L e IKK e
e CRISPR-Cas9
_g knockdown
o
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o
o
2
o

Control 15 30 60 90 120

IL-1B 10 ng/mL (min)

Figure-1Bi Bdutéd p100 phos pardoepyd mde notn iin U2KXS
cel |l s.

APhosphorylation of p100 waaGRInséRaBRssu9r elamu dicnk WT
U20S cel |l PABE &D& western blot analysis tecl
primary anti bodies were ®BsPadkeas dteontsa lt yp rwoatse ic
using ScionwaywmgAeRNOWTMeanal ysis was carried ou
8, ***p<0.001, ****p<0.0001 (n=5).
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OPLWNGIWHGSGC! ¢ Haqlll Rt alk®RE R AR g Ylats WYL
Nopd T R¢ qlJT WUWGNMMWGS Yt G6YIl ' G¢qRYU

After establishing that pdeppmdewnit atuiso mgo fCR
Cas9 in the U20S ceailnhsiybsitteomn,s mweweel alpkpH i ed
effectiveness aarMediimhiei tpilrO IpKkKsphoryl ati on
novel and sailrelcitbhivteorl KkKas util i sed. Al l cCo
mi cromol ar nM-20dMg @©0. SU1349 resulted in a sidg

lb-me di at ed -pplh0Oo0s péhopr essi on, a ndde piemm da nt 0 Mmaermte
(Figure 3.6).
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Figure 3.6. The efflbencetdioaft eSdU 1p314090 opnh ostp hor y |
U20S cel | s.

Cell s were -98%wdedntbuBficy before Heaiereg muaii mt
for 24 hours. Cell 4 rwarnedumtndatSad 3¢iM)f e 3,
prior to being unsti mdbd(altOe dn go/rmLs)t ifrmaud eaBtOesdmi wil
were | ysedPAGE wWsalsS carried out foll oBed by
Statistical analysis waayc ANDYAt ed ByaphPhds
Data represents mean pl100 phosphorylation fo
n=7, *p<0.05, ****p<0.0001.
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Anot her sedienchtiibviet oirKK SU1261, was util+4ised ¢t
1b-i nducedamomi kB | siNdnal |l i ng. SULl2BIl nasl@ppl i
MM andiM20lband DMSO treat mentf orleds uilntcerde ai-sne ai nl 1
pl00 expression, which was significantly dec¢

fold, a 37 % nmddaUdi2 ethr,panemehntl ( Fi gure 3. 7).
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p100 (100 kDa)
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C 1349 IL IL+D +1puM +3puM +10uM+20uM

B.
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5— e dede
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S D R L & & »»
("°<'~é \\Q\? v xoé‘% NEEAIRNES
N
Q,(»*’ \\;& IL-1B (10 ng/mL)
& SU1261

Figure Bhe eff2z&dn obin&dlilat ed p100 phosphoryl
U20S cell s wer®5%ecadrefdl aten®Y before Heaiereg mali
media for CBAIl Bowese unttrreeaatteedd wirt hprSeU1261 (1
mM) prior to being unsti-lthgllat ed/ omL)sfBbmuBat en
Cells were |-§gAGH wasd SDSried out foll 8wed by
Statistical analysis wasayc AINDODBGAtagd Pay WPtrii Isims
Data represents mean pl100 phosphorylation fo
n4, *p<0**0PpP<s F.*00Fp,<0. 0001.
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A final amnownelbbilt ©K3 1wshd1c2h6é 6 s ahd | KiKkrmH i B iKtKor but
potent toawamwhs Iltkkted for its eflb-meti aenadss
pl100 phosphorylation (Figure 3.8). SUl266 a
three naivrehi DiKtKor s t e-Bbti evdl,u creeld pdiO®g plhlosphory
a 1208d i ncilraamsdke DMI3I@ &t ed cfeollds wrdt RUAL2P 6
pretreatment (****fpxiOd OMIOtEJ 112 686t O0Q1B.
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p-p100 (~110 kDa)

p100 (100 kDa)

p52 (52 kDa)

GAPDH (36 kDa)

Cc1266 IL IL+D03 1 3 10 20

SU1266 (M)
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p-p100 (fold change)
2
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0-
> S RO N N
CPTNE N T TN
00‘\6\3'\ \\/xo® N TR
N
& SU1266

IL-16 (10 ng/mL)

FiguBe Bhe effect eoebm&dilat&€d oml0Q phosphory
U20S cell s wer®5%ecdrefdl aen®Y before Heaiereg mal
media for 24 hours. Cdlrlesatvwedr eviurmt rSeJalt2esds d r0 .
20MM) prior to being unsti-lhghha8ated/ o) st omuBAat
ACell s were |-pAGH wagd SDISried out foll owed b
BStatistical analysis waaycdANDODYVAted ByaphPhd
8 . Data represents mean pl00 phosphorylatio
SEM, n=4, *p<0.05, ****p<0.0001.
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O WNEIWHGE! ¢ H/Haqlll Rt alk®Re R AR ap Yats WYL
NopR U T 2 Kl YU f

To confirm selaanetdii vaitieyd efpernd e KK signal |l ing
i nhi bitors wer e al so util i seldetpen dkBaste s d t
expression. Il nitially, SU1261 wa&d9Mdp p lwihed eat

| 4b-i ndu &Bad olss was not reversed at any of the
3.9). This implies SU1261aits tmhet caatciemd raftfi o
This experiment was not extensively repeate:
|l ook adep&Kdent responses, so thisfcwasepit mpl
experiment.

SU1349 was also utili sed-2atM)\ a wih@unse ddidantceedn t r
lkBal oss was not reversed at any of the concet
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GAPDH (36 kDa)

C 1261 IL IL+D +1 pM+3 pM +10 pM +20 pM
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Figure 3.9. SU1261-lbmasdinakBad 6est on | L

U20S cell s wer®5%ecdrefdl atend®Y before Heiereg ma
media for 24 hours. Cetlrlesatwedr ewiutnht rSelalt2e6dl o(rl

mM) prior to being unsti-lhgllé8ted/ omt)sfbmullédt en
Cells were | ya68 wand 6&BBried out foll owed b
wi tkBaplr i mary B Dtait mody.pr e skBanft sl dnemamange compa

controk1l.
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Figure 3.10. SU13409-1bmed i m&kBadifofsesc.t on | L
U20S cell s wer®5%ecdrefdl aen®Y before HbHeaiereg mali
media for 24 hours. Cetlrlesa tweedr ew i ut nht rSelhlt3e4d9 o(rl
mM) prior to being unsti-thgll8t ed/ ont) sfdbmullédt en
Cells were |Yys68 wand 6EBBEried out foll owed b
wi tkBaplr i mary BmDtaitkkaodye.pr esk8aft sl dneamange compa
controln®fN2SEM,
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Finally, SU1266 was util i s2@M)a,t whirgh nlgi gholini
that SU1266 can s u-deneesdsifakBaldie drreavdearts e nl L( Fi gur
This demonstrates that whiilndhibheéoksodo setke
effect-mendilaklBaldods, SU1266 can reversea this

and bak Kt he concentrations tested.

A.
GAPDH (36 kDa)
C 1266 IL IL+D+1 pM+3 pM +10 uM +20 pM
SU1266
IL-1pB (10 ng/mL)
B.

-
(3]
1

-
o
1

lkBa (fold change)
o
(3]
1

FigwBrndaSUl266éveridibmedi alkBadl o s s

U20S cell s wer®5%ecdrefdl aen®Y before Heiereg ma
media for 24 hours. Cetlrlesa tweedr ewi utnht rSelhlt2e6d6 o(rl

mMM) prior to being unsti-lhgll18t ed/lotn) stiBbmel at e
Cells were | Y8688 wand 6BBried out foll owed b
wi tkBaplr i mary .Bmtait mody pr e skBanft sl dneamamange compa
control B® SEM, n-=
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Af ter det eadnepme mde nickkK o f pl100 phosphoryl at.
characteri sianignhmdvelor $ KKanot her scientific
addressed is underldmaddiangedwipdaOlBephbbphoryl
pl00 proteasomal processing and degradati o
anti bodies which can detect endogenou-s plo0oO
tagged pl100 pcDNA con¥®nruvet swhy @bhnd®watedd s(e
effectively detect pl100 specifical1I0W. wlemiet i
utilised to determi ne-ptlldd d mt iumal fouanftuirttyh ec
validation. The t hmnge,e goharredgt 2HMALIO®N swer e al
detectabl-RPAGE &S Western bl ot analysws (Fic

was utilised going forward in further exper.i
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— — — HA-p100 (~100 kDa)

w* . GAPDH (36 kDa)

C 5puL 7.5uL 10pL 1 g 1.5 g 2 g

PEI HA-p100

Figure 3.12. Repmpdddnttatainsd ecft iA opti mi sati

Cells were incubated in media only or transf
mL) oy, 1ldg. 5ong 2wi tibh Ps®l /pc DNA for 48 hours pri
Transfection was evaluated by SDS/ PAGE and w

After optimps@oOi obnanéf él@dti on, this construct
current knowl elbbmedioaft etdh-gplhGos paa i s . Uu20S cel
transfectme dHpAMMiOtOh alhd subsequently |l eft unstir
wi t Abfldr 1 or 2 hours. Corrected total <cell
unstimul ated and stimul ated conditions, re
significant d-piL©06r eacaoeossn t HAse three condi
Thereforeogt iappdeaers thhat overexpressed p100 i
| dbst i mul ati on. However, given the nature of
natural variability in expression which can

evidence that pl00 is «Btsebemaved into the p
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N $ 9
c‘,o‘{éc’ \‘\oo,»\‘oé
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Figure 3.13. Tihen etpA60tewpression in U20S ce
A.Representative i mages taken on a Leica SPS8
HAp100 expression in the -Bossemaé aandnpridsamd :
U20S cell s were t-ph0QGng@ttaerddl RSEIt hf ¢HrA 48 hour s
stimul at #lmn Iwidtilr elct i mmunofl uorescence was (¢
antibody to det e@dtOBtCroamsefce cetde dt oH A | c el | flu
pl100 was determined using | madgedEMoOfpga.rGks5. O
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t RDU¢GdaRUNLWCE + R

Buil ding &depeiredelnk K nature of pl100 phosphor
validate the upstream MAP3K which is integra
knowl edge of -kBamsominaadll i N, this -paparddagmt .ma
Therefore, a seleciVovezdAd&Khol nhwhstotril|l bZed
TAK1 i nhibition c anlb-meup an ed-d e ptKiKel enltL p 10 (
phosphorylation (Fi-lbamael-18d0ld%. DMIWMDi i Bcrdase
phosphoryl ataonada -fbayl7dl, 1 .rlespectively 91990 * p<O0.
protein expression was sM,gm#f i gMdnanddnmnv2®duce
(****p<0.0001) .



p-p100 (~110 kDa)

p100 (100 kDa)

p65 (65 kDa)
p52 (52 kDa)

GAPDH (36 kDa)
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p-p100 (fold change)
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AT 0Y QY OF
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NN
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Treatment

Fi gwBr.el4TAKL1 inhibiti-bbamediimitreids hpelsO Ol lphosphor
Uu20S WT cel l s were -tuptt edt-@wixtotr S5igmer easin
concentr-20mMpnosr ( DMSO al one f-dbstli nmuduart i prni.o rC
were stimullated @&0tMmiPhbsehoryl ation of p100
by SDS/ PAGE and west &rhi xbellotd etnescihtnyi qwmees . qu a
Scionl magvay OMN®OVA analysis was <carried out
****p<0.0001 (n=4).



To evaluate concentration dependent effects

were treated with | oferxozeaeralr abroféll hotir 5:
stimul atmondM,dmd, nMBl andM 5( Fi gure 3.15 A). Fr
change IinpphPh®sehpwmressi on was transl ated into

and a -respeonse curve was construcotfedd 4 o un
oxozeaenol -pa0OPphesphession ( Fisgcuarlec ud .alt % dB)w.a
226.5 nM, and the HIi3.1428l,0pdee mansste @ualngt @a s

curve.
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T e e o s 0100 (100 KDa)

S o S S S S e 2 | 052 (52 kDa)

T W s —— a— wm ww | GAPDH (36 kDa)

C 5Z IL IL+D +01puM+03 uM+1 M +3 uM +5uM

100+

N
7]
S 75-
o
I
o
»
g 504-~~-------em-u- |C50=226.5 nM
< E Hill slope = -3.428
o 1
S 254 '
5 :
o ;
X °
0 — %
-7.5 -7.0 -6.5 -6.0 -5.5 -5.0

Log 5Z-7oxo0 [M]

Fi gwBrree5TAK1 inhibition decreases pl00 phospt

U20S wildtype-taoelaltssdwearned gme ubated with incr
5Zioxo (1-9@M)nMor 2 h-bbdrog, aarddrALlS & alg eh ocaunrd.

western blotting analysi sB.Aecbomnc guesptoiacre C
curve displeddiCovg laured Hi lolf -®d2o@ ewi t h respect

phosphoryl ation. Graph was fi-guadtiui agt itdre
carried out to measure pixel densi tysoby ap
measur ement was carried out wusing GraphPad p



Foll owi ng observation of a rapi d decrease
concentr at7Zioxmg emafe n®2 bei-mguwu-tpeasmednt prtBe ¢
of -0Zx ozeaenol wer e agshsoesspsheodr ydmtli KWK (doi gur e
calcul ated-IfklKwaph@asghé nM, cl osedogalaculgat e d
for phpls@othhoexpressi on.

A.
p-IKKo. (~85 kDa)
. . : r (bottom band)
M ——— o o | 1KKa(85kDa)
e e s e ot o | GAPDH (36 kDa)
c 5z IL  IL+D +0.1 M +0.3 uM +1puM +3uM  +5 uM
B.
100
m
(7))
c
S 754
[7)]
o
R S ICsp = 252.5 NM
= ! Hill slope = -1.139
= :
E :
¥ 2% :
a :
0 1 ' 1 1

I I
-7.5 -7.0 -6.5 -6.0 -5.5 -5.0
Log 5Z-7o0xo0 [M]

Figur@e 3JIAK1 inhibiti opmhodsopwhnoreyglua eaitoens of | KK
U20S wildtype-taelaltsedwearmnal gmeubated with incr
5Zi-oxo (1-9@M)nMor 2 h-bbdrog, aarddrALS & alg eh ocaunrd.

western blotting analysi sBAecbomnc guesptoiacre C
curve displsavyailnuge tfhoer ItCh7eo x@f foeagpth K&Kfp h®Z y | at i ¢
Graph was fitted wusingqutame i Hillat iegmatwiasen.c a
measure pixel density by application of Scic
converted into percentage of the maxi mal res

N=T
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After evaluating the eff €éloitsd wWd ecdaAmkamii-nahli bN R

kB signall i7fmxoaxiagnobzZwas wutilised to examir
NFkB si gnal |sicfnakBallTohses IrCever sid|l amd tlh&6HI || s
-:1.562 (Figured 8r 17 ¢ vkBdlbaad d €ifs Imuch hig-her th
canoni ckBl sNnalling ma KiKeamnsl, phipdP@imos hown

previously. Therefore, this implies that TAK
i n-1b-mhe di at ecda nmoonn kB |1 siNdnal | i ng t-kBarmiagamddii mal.
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C 5Z IL IL+D +0.1uM +0.3uM +1uM +3uM +5uM

B.
5 100~
» °
[
o
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o
9 754
»
S
= |C50 =1.56 ]J.M
o S0 ccmmrmmmmmmmmmmmoeees Hill slope = -1.562
o ‘
© :
8 !
S 25- :
S \
]
5 S
E 0 | 1 | : | 1
-7.5 -7.0 -6.5 -6.0 5.5 -5.0

Log 5Z-7oxo [M]

Fi gwBr.ee 7TAKL1 inhibition eclb-meésakBadelr sal of |1
degradation in WT U20S cell s.
Cell s wtereatpede and incubated with-7omor é4a90ng

nMsmMM) for 2 hibdios, aahdrABPH algehawnmrd. west ern Lk
analysis techni gu®&sA weornec eardersrgitogandsreo uctu.r ve di s

t hesoM&l ue for tHexefkBaedpmods HSiZqnanBefmi cati on
carried out to measure pixel density by appl
fitted using the Hill equation. Pixel densit
ma x i mal response (n=3).



To further | ook at the effects of TAK1 inhi
i nhi bi tkBoodegornadlati on r everssfadr -7fF@Gudotzheeare,n otl h eo n
phosphkikexpression was eval uatsefdo r( Fp hgokdipeh 03 . 1 ¢
was bMOdnd the Hi2L. 1114, opel wa s v &Bay osesn gievtead rsta
and much higher than-tklKamdsebmpdidpbbepbbepédpo
these findings suggest that TAKI1 i ndHRlbbiti on
medi anemanoni ekBl sNBnalling than <canoni cal S
di fferential sensitivity or depamxesddy somaTlA
reflect-spathwaygy thresholds of TAK1 activity

compensatory mechani-kBmacitn vadn omi. c al N F



S S i 2w p-IKKp - top band
i (87 kDa)
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Figun& JAK1 inhibition decreasleklKi emx pMTes si on
U20S cel |l s.

Cell s wtereatpede and incubated with-7omor é4a90ng
nMsmMM) for 2 hibfios, aahdrABPH algehawnmrd. west ern Lk
anal ysis techni gufeossr wehodiBhaor cio@a d e e tetrsgptoincsre

curve di splsavwalnuge tfhoer [tCh7e0 xef foeb@pth KKp hbdZy |l at i c
Graph was fitted wusinggutama i Hillat iegqmatwiaen.ca
measure pixel density by application of Scio
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Finally, to further test other klbowdi dbeadst

phos{INK expr essi-pmna mtaisf isedmiacr oss i ncr-easing
7-o0xozeaenm5 n0. 11 ndeed,ort hpehlod® hwas | ess t ha
| owest concentration of inhibitor tested, an

ofl. 37 (Figure 3.19). This -dKonisgmalleisng hmat
more sensitive for TAcKal iowxhainmbmntiidBnl stNdraaa | ¢ a m

pat hways in flesponse to |IL



p-JNK2 (~55 kDa)
———— — - p-JNK1 (~46 kDa)

G S e e e o | INK2 (55 kDa)
i s S i i JNK1 (46 kDa)

e S o S < DI . nats: GAPDH (36 kDa)
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predicted IC50 = 50.3 nM
- Hill slope = -1.37
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N
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Figun® 3IJIAKL1 inhibition downregulates phosphc
U20S wildtype-taoelaltssdwearned gme ubated with incr
5Zioxo (1-9@M)nMor 2 h-bbdrog, aarddrALlS & alg eh ocaunrd.
western blotting analysi sBAecbomnc guesptoviacre C
curve di splsawalnuge tfhoer 1tCh7eo xef foenc tJ NoKf pShZo s p hor
Graph was fitted wusingqutame i Hillat iegmatwiasen.c a
measure pixel density by application of Scic
converted into mexicmalt argees pdngene( n=3) .
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An additional approach t o det e a-thie p e n duepnstt r ¢
signalling events would be to use ColabFold
provide an i mmediate more appabtbainmdd atge @ airrn tne

Fi guwr.e2h0i ghl i ghts five predicted aapirdeswintthat
relatively high confidenceaq 8de Mm@mgtOmpdtDOd Oi8 13
The PAE graph demonstrates | ow PAE within tF

high pLDDT <confidence measur es. Notabl vy, t
structur al confirmation in relation to the f
are eahvsed. Il nterestingly, this prastirdeds uirmesi ¢

protein which has not y-reay berwns tfaulllloygrsaelhwe

demonstrates that the appearance protein str

can be flexible and have sever al di tl esedt
confirmations. Additionally, the functional
| KIKst ructures | ocated at the bottom wight of

high | evels.offhcenfisdemepnh a3 mlgg r yalsatliKoKn o c c |

this domai n.
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Mean pLDDT: Mean pLDDT: Mean pLDDT:
83.1461 82.8347 82.7962
pTM: 0.7700 pTM: 0.7600 pTM: 0.7800

Scored residue 745
100 ;200 00 400 io00 600 700

Aligned residue

Expected position error (Angstroms)

Mean pLDDT: Mean pLDDT:
81.9757 81.7247
pTM: 0.7600 pTM: 0.7600

FigBR2®Predicti astofict ¥Ke by Col abFol d.

A.Col abFold settings were utilised awendtain
generated using ColabFold, employing 10 recy
pLDDT and pTM scores ar e Bolthtel iprreedd i vwittehdi nma | ti hge
graph for the residues in the most highly ra

N O



Table 3.1. An outline of the pasetdicdteulr € nd:
described in Figure 1.

Rank e da Me alhl dd pTM
struct
1 83.146 0. 77
2 82. 834 0. 76
3 82.796 0.78
4 81. 975 0.76
5 81. 724 0.76
Foll owing the @paledne,ti Onl aaf FAdIKK was wutilised
| KKheterodi mer, to determine whether MEKK3

intereasignal Kkegt deMBYKPr evi olussv gy Mschmemns tt at
interactions with TAK1, whkBchliigmfaitemegseti dgh
ColabFold predicted that aMEKK3 0G| w5 7plh ocsgprh oby
site anhFil KKre Bue to their close proximity (:
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Scored residue
626/0 745
0 100 200 300 400 500 600 100200‘.\034&)590600700

g8

Aligned residue
g
[g2sssusvese

-~
™

Expected postion ermor (Angstroms.

Fi gwBRdCol abFol d predicd K&Kmetodr @ad iMB&KK.3

AA graphical represent aapront eifn fatlrl u dAEKIKE&s ain
BA space fill -mkdhelt eaofodMEMepIA Cce T il |l model de
| KIKSer 180 and MEKK3 Glu571 in proxi miDtA, wit!l
representation of predica8drdBOeandbMBEHEKKBgGD

EPAE graph demonstrating confidence in amino
D were created by wuse of Mol Star, E was adap

NOT



However, giakas tthad dgdrkKmi nent phosphoryl atio

activati a-MEKKBAKILKK ri meric complex was then

whet her MEKK3 and TAK1 could work ina par al
activation and phosphoryl ation. |l adbeed 8 0MEKH
again, even in the presence of TAKI1, but th
Glu207 (Figure 3.22). However, in this predi

Ser 176 antlhkkK ot her phosphoaylllay i @amotrlreer d@leu:
resi due, Glu21l1l0. This provided interesting
potentially be a hbjnedveng ipmarther pteseék&e of
MAP 3 K, TAK1.

NOP



A. B.
IKKa B 176

IKKou

<

C.

Serl76
IKKou

Ser180
IKKa

Glu207

FigurePBediction of aTAkKlnkKakc omMpKKIZ by Col abFo
By application of Col abFol d, afwieve 9$trodatcernd.
employing 10 recycles and a pLDDTBctohreess maled
hi ghlighted wiAtThhien ntohset fhiigguhrley. ranked repr es
TAK1 ana 3DKKrotein structures Bi.hl laustr amew
representatipopmneteifnproteracti onsamd Gleu21706
within MEKKS3, andad&edl&0uD7hwnG.AK&t MEKIKBTr. a
representation depicting the distan@aanhbet wee
MEKK 3. |l nteracting residues are displayed in

NO2x
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To understand whether the ColabFold finding:
Il i ne, and whether this potlbati mbul &t eadli ogndis
MEKK 3 ana i md{Knoprecipitation experi ments !
i mmunopreci piatratsiudn edf i hKKhe aappeamamndeidfi o
| ower band (Figure 3.23 A), immunoprecipitat

of only one molecul ar weight band (Fi @qure 3.

i s prebound to another protein in both unst.
1b. However, this protein does not appear to

A. B

IKKa (85 kDa)
MEKK3 (71 kDa)
NoAbO 15 60 0 15 60 Min with IL-1pB stimulation (10ng/mL) NoAbO 15 60 0 15 60 Min with IL-1p stimulation (10 ng/mL)
IKKa precipitate ~ MEKKS3 precipitate IKKa precipitate ~ MEKKS3 precipitate

Figure 3.23. | mmunopaaedi MEKK3iiom 0208 KKel | s.
U20S cell s were subjected to MNu o Eade i pi t 8

[

primary anB)i bmondWBKKB (pri mary antibody. Prote
anal ysed-PBGES®®Sd Western blotting to assess
of da&KrKd MEKK3 in the respective i mmunoprecip

NOT



OONOWW +t+ Wttt RUNWSE WO WHgt WY nWGE ¢
f leMUWGY qlUqR ¢ Ol Wihse Wit Rafil ! 163G A1J 1 4
OONOINIWNG W0 WHqWYNWN uNWRUSRHAHRqRY U WY
GZPH7 [t eHn¢caRG! WGWAGHAHII ¢

To determine whether p52 and p65 -dbucsl eTArK1t r a
dependent, U2O0S wi I-tdrt eygptee aivewolnteMivwigdo &« oprae n o |
(55Zoxo0o) or DMSO alone for one h-bbdroramd fturrd at
60 min where appropriate. Nuclear extraction
and p52 and p65 nuclear expr-BRAGE oandvawe anear:
bl otting and&l gi Bo((RFigpbrdee ah.d2 4 6B)gure 3. 24

nucl ear translocation were slb§nDMBEOantkewt mac

(461 d afiol 87 N8 SEM, respectively). It is evi
i s hi gher p52 nucl ear expression in unstim
expression, which may explain the smalnl er

foll owlbsegi ml ati on compared tong@&5 estchgaltry,
treat menmM wnhthMMlB7Zo0x o0 significanlbmgdidaceeaptd

and p65 nuclear translocation (**p<0.01).

NOY



—— p65
e o D GHD - — p52

- apeseasesess |nucleolin

C 52 IL IL+D +5uM +10uM

B C
*% _ k%
*% —kk k¥
> 8- *% g 60— ° e
S * 3 °
< 5 L4 =
O o O
2 L
~—~—" 4_ ~"
0 @ °
s 2 20- :
© 2- I
Q @ °
(&) (@]
> 2 P
< 0- 0"*‘* T T T *_
A\ N
&0 ’0.\_0 \/& @go ,O.\‘o O_\_O Q\SO 0_\_0 \/&Q%o ,O+o ,Q+O
S AN QX AN LA NN NN
4% VoL A\ v
%) ¥ O (o) %) Yy O O
NP N D
Vel Vot
o7 % v
&Y N
A\ AN
Treatment Treatment

FigwBre4TAK1 inhibition decreases p52 and p6E-¢

WTU2O0OS <cel | st rneearteedpraend i n7eouxboanieSe r mM)tO hf o5rZz 1
hour, -Brfdrlla further 1 hour. Nucl ear extrac
obtain nuclhAcaDHhbhygsatasd. western blotting ana
carri @8dPioxuetl. density measurement of p%x2 nucl «
Pi xel density measur ement of p 65 nu-cl ear
guanti fication was carried out to measure pi
software. Pi xel density fold c¢chavvage ANOa/IAY s i
analysis uadngr Gs ap,B P* * p<=.3D5E.

NO®



Foll owi ndlgoutrh-epclebati on being effecti7ve wi t
oxozeaenol nculbatpoa ti me was increased to t
effect on inhibiting TAKZX7-0xMuzletaiepnloel cwoenrcee nuttr
det erimi nteher e i s -dae pceonndceenntt reaftfieocnt of TAK1 i n
p6>5 nucl ear transl ocati on (Figure 3-7-25) . \
oxozeaenol, includingvy dO® mM,t 3EGudM amd al si
in p52 or p65 nucHlbeianrd utcreadn sp502c aandonp 659 Lhucl e
was significannMl aneoi &roed zenedol pretreat men

NTTM



Nuclear p52 (fold change)

S G e A, aup TP R e S
- - ~= | p65
— s D S 4B A9 s —~ == | p52
- e e erapep eeee*® | nucleolin
C 52 IL  IL+D +0.1uM +0.3uM +1uM +3uM +5uM
- *k%k *kkk Fkk *%k%k
2.0 Xk Kk 340_ Xk Xkk
1.54 < 30—
E .
S
1.0 :\(_)/20_
© °
o
0.54 cig 10—
[&]
=
0.0- 0-
> PO 0 o 0 O O ©
TN, T, S
S S AT N AP AP AT AT A
& I A A AR A A
o ERZ)
PSS
VSN o
h ¥ o7 &Y
Q,q* Q,q* MO N
NSNS
AN

Treatment

Figurkéd FJAKL1 inhibition decreases
ntouxboa t (eld6 M)t N 05 Z 2

WTU20S <cel | st rmeeateedpraend i

hour s, -lafnadr la further 1 hour. Nucl ear extrac
A.SD$age and western blotting anBaBgsigr agle hi
di splaying pixel denXBsutlhemerasxtremenCiBa&apmen
graph displaying pixel6bdeanlseary eeasace menean

Semuanti fication was c a

Treatment

rried out

Scionl mage software. Pi xel density

way ANOVA with GraphPad prism0B

NTTN

p52

meas url
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Given the coepemdenatiionhibition of p52 and p
54Zi-oxozaenol, 1t was i mpor tainthitmi tdiedreram winled
affect these processes, with the hope to wu

phosphorylation would impact p52 rmruoheadi tora

SU1261 was applied. | ndeeédlbdedemidelntdi g6 5n odr
nucl ear translocation (Figure 3.26). This ex
i ndependeaitnhoifbiltkikon, and therefore, i ndepen

and activati on.

’ p65
p52
C 1261 IL IL+D +5uM +10 uM
SuU1261
7 89 T ¥
o o
c c
2 2
© G 67
kel e
] 2
= 44
o [Te]
0 ©
=% %
© G 2-
o o
[ ©
=5 =]
2 Z o4
O ®» R0 M N
\iﬁ\/\ @a’ '35: r("b
SATRRIR AR N
0 AR
o SR
& V'\Q? o %
S S N Qz% 1’-\
N

FigBre6SU1261 does n4db-i ndihded tnuchleedrL tr ansl
p52 and p65.
U20S cel | st rneearteedpraend Sdeabawédrmitd @ hor 45 mi |

and-ldflor a further 1 hour. Nuclear ASDSacti on
page and western blotting amBalaysigs atpehc hdnisou e
pi xel density mermsalrearené xtofacpt CtBaeratgweaph g
di splaying pixel detnssutlyyemerasxytemenhtt obapmen
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guanti fication was <carried out to measure pi
softwam=2

SU1266 was al so util i-8bende dtioa tteeds tp 5i2t sa nedf fpe6cSt |
translocation. SU1266 -#Hp pmaairce dt @ 5r2e cannae plodt h
translocation (Figure 3.27). However, this I

| Kbka t these concentrations.

p52
a— nucleolin
C 1266 IL IL+D +5uM +10 uM
SU1266
T m
& o
c c
© (1]
£ =
[T) Q
T )
) 3
o~ wn
w0
' -3
. 1y
(5]
3 o
©° Q
E S
c c

FigwBrgsSulBmhi bi t-1btihned ulcLed nucl ear transl ocat.i
p65.

U20S cel | st rneecarteedpraend BSobtabeaw édrmwdd hor 45 mi |
and-ldflor a further 1 hour. Nuclear ASDSacti on
page and western blotting amBalaysigs atpehc hdnisou e
pi xel density mermisalrearené xtofacpt CtBaeratgweaph g
di splaying pixel detmSmutlVemepasnutementtotapmen
guantification was carried out to measure pi
softwam=l
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To assess thboefNEFchuolfedrL activity, EMSA wa
wil dtype mouse embryonic fibrobl adti di(rFg gu
compl exes were observed: a higher molecul ar
containing dimers and a | p®&w2onbandi nglpbdemensts
stimulati on signi f-kBc aDMAndiimgr eaaxded i tNF at
(*p<0.05), indi cdepaegdenthascgdabbbng, though
in subsequent time points (3 and 24 hours).
observed between 1 hour saimgd e8& thonugr at ipnoe epnaiine
of -WBF activi/ty.anl n nNIr#B saectiinviNFff was observe
hours f oilb otwii mwgl atLi on, suggesting a | ack of
del ays cankBnisc@ginaNFing ( Fi g'ufriebr3o.b218 sB)s., lan :
mol ecul ar wei ght compl ex i n-thr terasa@&tdmeaftt, erl i ¢

correspondingcomnt 50i ong ¢dSders (Figure 3.28

NTTMN



A. B. C.

IL-1B (10 ng/mL) IL-1B (10 ng/mL)
Control1 3 8 24 (hours) Control 1 3 8 24 (hours)

IL-1B (10 ng/mL)
Control 3 8 24 (hours)

w
1
©
1
N
CJ
1

»
o
1

o
1

N
1
-
o
1

(Fold change)
T
P
1

(Fold change)
»n e
1 1
NF-xB nuclear activity
(Fold change)

NF-kB nuclear activity

e
o
1

NF-«B nuclear activity

o
1)
I

0_
Control 1 3 8 24 Control 3 8 24
hours hours

hours
IL-1B (10 ng/mL) IL-1B (10 ng/mL
IL-1B (10 ng/mL) P ¢ B (10 ng/ml)

0-
Control 1 3 8 24

Fi gur elEBiS2A8 anal y«B sDKA nMIFE ng activitkBusing a
probe in wifladtdy gaead NSSeKk embryonic fibroblasts
Wil d{ APME/K( Bdnd a"KKEMouse embryonwer €i bnesbi msthk a
or sti mul atbdd Owintgh mL)L f or 1, 3, 8 or 24  h
coll ection, nucl ear extraction -anhdanpgedt e
oligonucl eotide probe cokBt aiimidingigt vd t-esn s( e
GCTACAAGGGACTTTCCGCTGGGGACTBMNECCAGRGBABGS €

CCTCCCTGGAAAGTCCCCAGCGGAAAGINICcCWwWasTAEGBel | ed

and i ncubated wi t h nucl ear extracts. Samp
pol yacryl amide gel and visualised by autorac
(B & C).
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Foll owing the iadveemsean dgeanti oenf-cfaencotinsk Koanl naomnd ¢ an
NFkB component s, It was of i nt &kKeRItS RR/ CGaxsadmi
knoocudn -lb-medi akBaldods. It is well established
t h&kBadlegr adat ibalrpiesideKK r aathependamt | KIKnt er e
di sruption of t He&KCKIKSRR/mMpdsexsknomek t he rat
IkBapr ot easomal degradation, as kBaothtseceaddby nt
| KKk noci2 OS cell s compared to wildtyp® U20S

stimulation (****p<0.KBAwWw4d3 .ubDesmpmatel y hdsegded
patt erkBad ocsfs Iaswyhthesi s remain ca@aksosddendt bet
wildtype 1UZ30S odéd owi ng 30, 60, -189t iamudl a2 ®d n

Therefore, while disruption of the |1 KK com
canoni &®AlsiNgnalling, it does not alter the o
pat hway.
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IkBo

p——— o B FTOTY

15 | 15|30 |3 [eo 6o | [0 ]20)20]| |L-18 (10 ng/mL)
— | IKKa expression

B. Bl Wildtype

159 IKKa.

m CRISPR-Cas9

g’ knockdown

S 1.0+

(8]

ke

3

5 0.5+

m

X
0.0-

Control 15 30 60 90 120

IL-18 10 ng/mL (min)

Figur® -3bli nduckBaldelgradati on is delayed but st
knoockt20OS cel | s.

A.lkBaexpression was measaCRIdSREBRs WTlomthadio S K K
cell s BPPAGED S n d wesBePrinxebl odte.nsi ty was guar
Scionl mage. Atnesutnpvaas eadarfri ed out at each ti
wil dtype a &iRd S/IERKK9 lbnudgalkoups using GraphPad
****p<0.0001 (n=3).
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OINZIHWIEec Gaqlll W? Rt #et t RYU
OIONZ IONIOWN G W 2 AR Gai e G ¢ | WaYHec TR ¢ qRY UL
Il nitially, this chappentasasesgspdewbebdbhercolKH

a healthy rat tibia-onThtiiss saulel opweodc ebsaosti hn gh aenxdps

as the abil i taye xtpaa ehsisgholni ghnt tlhkekK bone by i ndir
techniques, which appeared to be cytosolic.
showing the cytosolic aaidnntulte eld2O% ocallli slaitn ¢

closely with the known nucl&@@27 anddzytdsed) ic
O ION = 1O= OWE * GaiRYU & RiFRRYgifidifivinilg tigfl k Wt RNUc ad RU
HIJGO Gt

Thi s chapter al smdepphdeprtd h-AbeuerdeKldd feed | In o n
canoni eBl abdlfi vati anCRU SIERg 91 lolu®@IOS <cel |l s an
confir medbnehdatatleld p100 phosaplepreyidatnitgn aits m
earlier timepoints-stham!| a-teddomiosB b$ INGEm &IHITIi n ¢
This highl-lbgnetds att ealt plll00 phosphoryl ation 1is
accumul ation which complements published fi
(296,. 3Mh7i)s was further suppor tad hbiydidthdr) sc har
SU1261 and SU134 %/ alin fai Wiutad r | KKALRBed i aotned h e
pl100 phosphorylation in U20S <cell s. B0 ensu
i nhi bition on pl100 atrar gneott ebfyfbemdtdh eactre nfgK Kotfs
SU1261 and SUbP6Auoebdlelplk kBanltosls wer e asses
This highlighted taianth iwhiitloer ,s eSUelc2t6ilviddasl Kukn a b
degradation, SU1266 can reverseéd etcliii v.e T mihg bh
not rekBalrees,] whila | KiKdbhabi §t KK can achieve t
this further Sol-lbdthiedi as edt hptt 00 hehoslphoryl :
| KKdependent .

OIONZ OO OWN G 13 WIJo 1 H q LN WIN Re MWR 6 RARG R Y B LY
Addi titomealdoelh-medi at a-dep &EKdent p areadi gsnh ohwans t o

be Takdi ated i n human 3eidlohteredfiocarle ,cetlhes r ol e
validated by wtilising a TAKmMmednhtbdtoespwon

NTTY



assessed through meamnsd rpelndeln tpsh cosfp HoKrKy | at i on.
effects of TAKbpihmkiphiotriyomatomnlkBakie gs aldae g oean
was al so explored, whvalhuesxhdddmpaerde chitgd etrhd sC
| KKand p100. This highlights that TAK& poten

medi at ed responsesb-dcegrepadreendd troesp BEHses. Add
suggest s7-axhcaztae&aznol coul d potentially be use
di fferenti at a- amat Vblekeh e n K&Kn t processes i n f
Further more, t he effects of TAK1 i nhibi ti

phosphorylation, to test the MAPK pathway as

t hesot €r -7-®&Xo0zaeanol on JNK phosphorylation \
concentration tested, 100 nM. Therefore, t h
central and highly sensitive role in regul at

with JNKi amtbheiang particul arlogn.susceptible t

OIOME R HI DGec UH! W7 0qs WWUOUWIYiGeaqcecqRYUC¢ O We
nYIl W~Ewdi OqlJl ¢ HqRY U

Previous studies have demonstrated that p h
activatioblboapZ®Rris lysaphds pmateidd iad eAlgi d
MEKk®Bepenpgbaosphoryl g 349)TolerleKre, this rais
to whether MEKK3 coul haalts v alie oinnv @lneed tiurdyl
in situ proximity |ligation aasnida WEKK&KSh wieq ee 9 i
protpeaion ein bindi3rm@ )Tphairst neas i nvestigated us
Al pha Paalsed computational tool . It wea s sho

heterodi mers were predictedanad MEKKI3 .aGl uberr

Glutamine possesses an amide side <chain, w h
bonds and therefore, this is chemicallty plai
established phosphor ylaaatcitoinv astiitoens |wiotph i na | tohne
(27)To understand whether it a@@dulidnebe ca cDAKl
which i s f oMBKKISKadt rTiAkelr was predicted. I nt e
MEKK3 was found to bind both Ser176 and Se
Ther ef oaraennd IMEKKK3 i mmunoprecipitations were

and absefllset iothulldt i on to try and understand

was possabmmundoKKeci pitation revealed a | owe

NTT®



| 1b-me di ated conditions, while MEKK3 i mmunopr

Therefore, i taamay MEKKNIadan KIKi nd, but that t
| 1b-me di at ed conditions. Addi ti anhaalsl ydi fifrer € o
functions, for example, it cankBplsaygnaalnoirneg dt
| KKk 2786 herefore, it may beatdappMEKEBN abidnd i
partner s, but only in specific cell types.
reveal eadi mmund&XKrecipitation is approximately
seen i n t he MEKK 3 i mmunoprecipitation. Ho
representative of TAK1 expression, as both N
kD&a351,. 3tbho2wever, further i mmunoprecipitatio

to definitively prove this. Additionally, gi
MAP3K amthi ndKng MA®RBKABRaaf urt her studies wou
to assess whether this MAP3K coulldi rad sme dp ot «
| Kikdependent (s3ibg3nal I i ng

OIONZ HpEMOMIEI W1+ G 13t + RY U LLG 13 20\bi talBR) (2 L0 @ HEREY LIH I
However, despite the interest.-fibgmeudpisattreeda nm oanv
canoni&«BlpaNtFfhway remained the key focus thr ol
were transfed<tagdewi pH O0®d KHANnstruct to evaluat
| ocalisation chilhsgesuf akliowi,ng@gndL whet her t he
processing aslb-andecedt pdp@O0OIl phosphoryl ati on.
the fluorescenee 0i0n tf ord dbctivyi mogfl laHHA on was uncheé
therefore there was nothing to indicate that
However, given the nature of pcDNA transfec

there could be transf ectsi arhee fsfaintpileerscy vari a

Therefore, to gain an understanding a-of pos
dependent pl100 phosphorflydape maekBtt DNA enfdfi encgt s
activity was evaluated in nuclear extracts |
highlighted -bi deéelagkBi WMADAINdi ng actiMEiIFtsy i n
observed at 3 hours compared to maxtilmal act
stimulation in wildtype MEFs. aMhEHRse wahse nloth
evaluat ed, t her e wkBs DMbAgmdilnegr ed st iovfi tNYF po st

NP M



stimulation observed under these conditions.
raised questions-lbamedi at adlepBEK&derdtL signal l il
potentially have a functional outcome-by inf
kB family members. To gain a better understar
events depenadaecntti van yl kkkhd p100 phosphoryl ati
knooxwkp100 expression to then | o&kB m@wc ltehaer i
transl ocation expression. However, this iIs wu
regul ates and stkBbislubsfeasmi édtyh eme mbEeTr s, and
nockout MEFs have demonstrated wupregul ated
354)Therefore, knocking dowB pPyUd0emous Wbsiegu

o -~ X

reating artefact ua-kB enfiefnebcetrss. o nAsotahneryr alNFer r
oxozaeanol was wutilised to understand whet he
TAK1 dependent . P52 and p65 nuclear transl oc
similar concentrati onsbpahso sopbhscerryleadt itddda raenddu cre
|l oss, and therefore these ebengealkligg moae
signalling. Additionally, SUXbthedwasedt pbRs
| Kkdependent, and this study hi ghtlb-igindwsced at
p52 and p65 nuclear translocation. hbhandontr a
| KK was shown to reduce p52 and p65 nucl ear
t hat p52 and p65 nucl ea-ib-st gaabk | b ogtaraornm iins

i ndependent .

OIONEBIOC GalJl W9 YUHRGeat RYU

I n summary, t his c h a pibene d ie s tt eabal ninosnin eceB | t hNaR

activati ommdeipsenadne nftKKpr ocess, occurring at ea
di stinct mechani s ntsanfonimkBellsaNgFsiad dli ngan By der
that pl100 phosphorapuat doesregui tesadl KK its d
these findings chall enge tHbestpirneuviaaitliionng caosnsvi
fully wanbnn&Bl|lprNFcesenh§he phar macol ogi cal

that sela@azntagondiKKts can effectively inhibit
new tools taspedcisfeicd diKKnal ling and raising

| KKas a more refined therapeutic strabtegy ¢

NP N



i nhi bitors. Moreover, tmhandi Bidddg reanltliian g seuwntsp
TAK1 i nhibition uncovers an adlbirteisopnoanis elsay
suggesting that TAK1 may regul ate these ki
cooperation with other MAP3Ks such as MEKKS3

expand our understanding of-kBt hsei gmmaoall & ciunlga r pc

mechani stic i Aksd rgihvtesn iinntfol alimmat or vy response
avenues for coasi derhng bKgnalling node and
target I n contexts wh eraen o iciamaln i @alt h vaanyds n
FurtherrAMbdependent pl00 phosphorylation doe:
obvious functional out come whi ch -kBe vfeaantisl yi n
me mber s, and therefore, this remains unknow
assess the downstream effects of pl00 phosp
assess bulk gene expression by transcriptomi

NP
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MONKOW9 6 ¢ GaqlJl Wf Uqgql YT e HqRYU
The results in champhas 8leat|l acedvi bhgt i hKK?2(

it is not clear whatetheydmacpi omaet iofmg | KiKe p
pl0oAdditionally, given the growing namber o]
dependent substrates, i ncl udi Ay cT RAF4a,t GH Kolm
diverse cellular responrmcsasn, dihiesthiyghlcitgltns |
to regul ate pr ocegBxisg nbapl @ oimead/ihle, NF4 5, 355,

Given these diverse functadependdanti sgeneksel o/
independed«B lagnadft NFs r emai n umiddeegretnidfeing d .g eThoe
have remained rather undefined, and theref
under stand téaien rmé gulodt ilMrkK genes related to

formati on and bone degradati on processes.

advantageous to identify pataenttih®el ekpwrstsn @a
lb-medi ated downstream genes to better wunder s
| KKactivation in this pathwayequencidegtpfgvis

valuabl e approach.

Nexgtener ati on sequencing (NGS) , i ncluding
Ssimultaneous sequencing of millions of frag
of fers @aifgs o@agrhprua , sensi t i-evfef,ecandvecaadtt ern
Sanger sequencing f-oaal e nge rmd(MIr6 Od)dtGE e
technol ogi es i nclude 'l umina sequencing,
Nanopore sd@wdmaisngc haptlelrl uuniinlai sseesguenci ng,
Sshorrdad sequencingea¢dhmolin@agyi s the | eading
technology making up 80% of t he gl obal DNA
producing the highest throughput per run whi
(363,. 364)

Given the vast quantity of complete genomic

sequencing iIis an-eéxeicting amedhedsto i1ident.i
expression following induction of cellul ar
stuldlyl umi s&@qgREAcCing is a useful tool to buil

Chapter 3, and to gain ambeetwrdehgerby amidgim

clusters of genes which It regulates in the
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p-p100 (~110 kDa)

15 | 15 | 30 | 30 | 60 | 60 | |L-18 (10 ng/mL)
IKKa. expression

Figur @@emohstrat iakmoafkit h KKH2OS cell s achieved
CRI SIERs 9.

SDSPAGE and western bl ot anal yses wea e con
CRI SPR/ Kas®wkt el | s, under basal -tbo(nld0i tn g@/nmL )ar
stimulation at wvarious ti mel Kaatnedr vpahl-psd (0105, 3
primary antibodies were appliedCRDEPRB/ Cap9 e
knoxcudel | s beside one anoMdéembr dmes emerhe ceoxiga s
2 mi nutnes3
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To determine whether RNA wasotafl a&RINAq Eeaxtta agu ¢

cellul ar sampl es, RNA <concentration was me
Ther moFi sher Scientific Nanodrop (data not s
overestimation which can commonl yn hluesiinrmgf Ituheel
Nanodrop, Sample RNA was quantified again mc
assay technidg@es (Figure
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principal component analysis plots feature t
x-aks which highlights the | argest di fferenc
principal componevwatxi § PC2vhi oh bheghlyi ghts th
di fference i n sampl es. The first campari s
CRI SPR/ CaudWRO8ckell s compared to wildtype U

5.
AN
d 0-
N
©
~
N 5]
[&]
o
-10 1
151
20 -10 0 10
PC1-77.2%
Treatment ® f walll § LU ® WT unstimulated
20t qROzGeqT W
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compari sons.

Data set patterns between samples within sam
sequencing analysis were assessed by constr.
pl ot . The first prid#aci gal demmopenemrat eEPChe X
ofi fdf erences in data, while the-agsesdntlipghlng
the second highest variability in data sets.
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The principal component analysis dot pl ot f ¢

| KKCRI S/IERs 9 lo u dacnkd wil dtype Uuz20SsS cell s den

di fferences between the two sample groups. f
pl ot construction, the first sample gaoup <coO
dependent genes in U20S cells without sti mul
demonstrate the top 20 differentiallya expre
CRI SERs9 lnd2z®S cell s and wildtype U20S cel |l
top di fferentially expressed genes wer e
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A Heatmap was <created to measure the top 2

ascendvalgueg aiCRIISBRs 9 lomdckpared to wildtype
(Fi dubp.

Figure 4.6. A heatmap depicting the top 20 d
which were significantly ahRg hSé2R si9n konoosctki mu | a
U20S cell s compared to wildtype.

The genes were filteredalime,orared tolfe atscpepn2o
selected. The smavheste ahdtherdept 20 di ffe
di spl ayed by | oweasltuet o alhi gthheestt opp t o botto
respeciTheelcyl ours shown in the heatmap are
baseline expression = 0, positive integers =
integers = bel ow bBbaatmapewaspcesstoocted by
As indicated in the heatmap (Figure 4.6), tfF
i ncreaseadCRIMPIRKICaUWUROE8ckel |l s compared to w
cells. The z score itself does not provide a

provides the relative deviation of that gene
be differentially-feoxkpdapdspdOb95aweleanti Ri se

NZ

















































































































































































































































































