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Abstract

Medul |l obl astoma (MB) is the most common pe
25% of childhood brain tumor cases. Among its
aggressive, marked by high ratgs 3ddf% metcastr @ic
that i1 s nearly f anteadi sbteamtu sreatoudr a.t sAltthheoruagphy t
driving primary tumors are well characterized,
to therapy resisbhdecet o®ednai fThipooochagl |l enge i s

extreme scarcity of matched primary and recur

Toovercome thiwecbatbabhgehed a cliniicnal |y
which G3 MB cells wekxarerebheedradi btbheaapggr d C
were i Welahedsmgmaédng adaptsaurivoinei hignp a phwelsaet i
di scoveringr echeapt otrhet ymorsi ne kinase SRC and
significantly uprlemgtud rag sctahl id gpill Y coreeiansge GVRATs. e x c | u
G3MBand was not observedoum 4 h¥BSHMomsmblgrlowmar

neur al stem cell s.

Functional wvalidation through genetic abl a
SRC acts as a central surviShR@f heched fbe §sh
circuitry, i nvol ving key factors such as SOX
hi ndered both migratory and proliferative <ca
accompannedebdyed tke@ressronalof marker TUBB3, [
toward ter minal l i neage did fefrfeendti iaxaeloyn . s tThii 3]
their plasti-mbtlg, progteaammedgcetal death througtl

pat hways.



Finally, repu-bpesarmeemeablbé oSRC i nhibitor
combination with deandaddoCRNhotoppat xemiobgr aft
reduction in tumor burden andoutn ceaxuseinnksg ome wrfc
Byuncovarpmgviously hidden mechamesemanchrgraoavi
rationale for the <clinical application of SR
neusrpari ng oppor tnucnoiltoyg yi nb yp esdpieactirfiiccaol |'y t ar ge

that enable the most aggressive tumors to sur
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CHAPTER 1. | NTRODUCTI ON

1.Medull obl ast oma
1. 1Qvlerview and Epidemiology of Pediatric Brai
Candears a significant i mpact on the Canad,]
showing that nearly 2 in 5 Canadians will be
and approximately 1 in s#4& matrod oecXafeccetred tbhi suw
perspective, pedi atprairct i ccrud aalrd gyy dd tsa imrdess sa wntg . (
under the age of 15 are diagnosemhi wetimligant
advancements in treatment have been made, appr
i‘t. *Among Canadian children, |leukemia is the m
of calnlcededomever, tumors of the brain and cen
second most prevalent, repre&sgnting 20% of th
Alt h@€@dghtumors are the second most common
there has been a significant shift i n mortal.
|l eading cawetabéd cdeaehs in childrepasasnidngdo
| eukbe.miTahi se s pemidaldlent he United States and Can
in | eukemia treat ment hav® ¢ ne actolng Irdadng r CHS dy
mal i gnancies have fiBtaismenhumoms | arepnoyr es8s o0
cause of solid cancetrheaea@erwofi®ndhvingilelvii glhutail rsg ue
need for more effective treatment options.
1. 1Cl2assi fication of Pediatric Brain Tumor s
The biological framewor k of pstdifradotmi ¢ hlat aio
adul t rtegmwirrsi,ng a speci AldiuvdZead mchedppeabbbdedcned



tumordevédladp as a result emfvitrioen mpenteatli ® xglotsaurr
over d%cB¥yceosnt r ast, pediatric brain tumors at
di solf’delPlshese tumors often originate from und
remain trapped in a pr-i eniéivaleheitratmo lodc ucloanrt i on
aroef ten dilyiagluow hmut at hea anifllluud ndceend ibqu e ae @i g ¢
| andscapes and specifi c!®deTvheel soep efetaltead c gdirlisv eirn
embryonic state of maoluirfaéei ani amg qaii dfeeamanib g a
CNSevel dp ment

According to the current cWas é$idf He audntobrnsQo ) a ¢
t hepseedi mmati gnancies are grouped into sever al
ependy momas, and!?@ mbArmpmmga | t htesreorsat egori es,

particularly recognizeti gbddehMedubbgbbkast vma

t he mostenbonyhoonnaodr , ari sing in the cer-2Bel | um
of all pedi @tirtisc tbenadenn ctyu moor sspread through t
known as | eptomeningeal di sseminati on, preser
intensive mul?ti modal therapies

1. 1Qr3i gi n of Medul |l obl ast oma

The cerebell um, essential-ofder mcogni towvedip
hasn exceptionally protracted developméhtal t
The majority of cerebell ar neurons originate

zones: the y¥A)ywhtcohapredonees GABAerg(RL) i nea

which serves as the primary ?28burce for all gl



Il n humans, the development of the cerebel]l
is significantly different fr éronmamatpPrPs edark eign |
characteristspeoiffitcdhi de seplecpmesnt 1is the compa
(URL) arounodncllptposnt?eékbsur( PQW)t his critical
divided by a specialized vascular plexwanei nto
RL ¢RLand the sul&e@W®Wili ¢U!l ar

TheVRlerves as a prot ectsetde m ecseelrlv op ap ufloart inoul
t he tleornng regener ati ve “PBot emt i a$VY%d t d dseRdnci i nadl bir za
fact ory -afmoprl itfryd msyi th* oYreens & opr cwgedrdist ors mi gr at
external germinal | ayer (EGL), where they gi Ve
brush ce?d*l.dB (UBCs9sentially a devel opmental gl
|l ineages. |t arises when these cells fail t o

continuous embP§onic proliferation

1. IMo4l ecul ar Classification: Subgroups of Medu

Recent advanccerelnttsr ams criinggtlemi cs and epige
reseatehelrassi fy MB i nt o( Taobul Ea cdig)lbega wlugerx pdulcgn
definietspbygi fic progenitor cell s of origin an
devel oping hindbrain, Yahkadsnagguéhel Rhi aald, elkit

prognost?®c 2features



% of case | |

10%

30%

25%

35%

Age of
s || 4t mr B | 4
Sex Ratio
1:1 1:1 2:1 3:1
©:9)
Metastasis at
Diagnosis (%) 5-10% 15-20% 40-45% 35-40%
Pattern of Rare. Can be ¢ :
Recurrence local or metastic Local Metastatic Metastatic
Prognosis/ Infant good, others :
5-year Ven;)/ggyod intormediate ':%%’ Interg%dlate
Surivial (%) J >75

Tabl@linical and Mol ecul ar Features of Medul | obl

The Winglesbg(WwNp) which accounts for apepr

remar kably distinct, orbgtnatomgt hebofbwem

the dor salndhitrhniebraadijmmcent efmbr3onrfloe dprismar por d

these tumors is the constitutive activation o

due to missens€@TMNNB&Eneéonwhi mhattébdTilomees mut ati o

prevent t hebdadaetgemidm,t i @lnl owi ng i t,wheraccumbblbnat:t

as a transcription factor to’YsAaserebel abefrat
in this specific LRL niche, WNT tumors are an
brai f’st¥mMhis | ocalization contribut ashet oanotshei

favorabl amoatBe mégr ouSyse,arwiotvher al | sur vitval r a

Th®&®onic HeSdEhmgaoapunts for 3D0% dfi idd&t ¢t gse

to th€GUR¥x.i*%These tumors originate from t he

devel opmeuntder@®Psa significant expatmismwinatpend sh

SHH | igands. &lloweveTCbBVMOne tSoUud- W ownstream effec



cells to disregard the regul atord st éa¥ si gesal:

h

—

an

(7]

e GCPs enter a persistent staker mdl pgrodnidlee

d instead forming a malignant mass on the s
SHH MB i s a <clinically diverse subgroup
gni ficantly influenced by factors such as

particullBad Ityurmdire sUpprfrBhsodore gemants and a | ar

popul ation often have more favorable outcomes

ed %% tSi mMuwl t aneous acti varltF 3 ns mma ttihee mWHtHa tpiad

ignificant genomic instability %ndlhstsr omog erceu
istinction is so fundament al to the disease'’
sed @n3 tsteatrus. Consequent Ipy3 mheatsiubrset prod
ignificant therapeutic challenge, as these t

eckpoints and continue to grow malPY ghlantl vy,
Whil e WNT MBsar iSgHiHhat e from cl early separat
oup 4cpBG4)adserpadrt of a devel opmental conti nt
neages “6f “IHie@htJRUti on cell ul ar mapping has

bgroups are not entirely distinct; i nstead

matur ati 9363 pMBlpwa&y ents the most primitive and

counting for appr ®xiTnadsd yt Rbd4 ao fiasrad |Ifbreol anseevs
ogenitor cRM?aadwathi mhahaect MYiCzragl ibfyi csit d min
erexpr e¥si‘Bmi*s dnoilfewemcltarons as a devel opment
I I's i n an um~nAdikfef esrteantte awheidl,e sgreaomot i n.g unco

nebad i teeanbr yoni ¢ ¢ h avBa @tsereipgti ionxa,l | @3 ver sat i |



often | eadi ngbbddo0tUneotfa sptaatsiiesn tisn A% 4% hlér td amet rods
the WNT or SHHMB udbglrlosuplsacks3cl inically action
makitrhgem notoriousi®y.Fdirt hie®3InlokeBtho bi trecalttapme@rs
affecting approximately 30% of GfdatMBl pads etnh e
evolves to resist standard.Asada arte owml ta,ndp athiear
outcomeyeawi shurvival raté% often falling belo
G4 MBs the most common yet complex subtype,
all 3¢tad% bese tumors are believed to originate
t Rel®¥and have alUBgndd hweitlgtet thlbpeigh t hese cell s h
the primitive state observed in G3, their mat
through enhancer hij ackitrReRRBMeh ctofg¥hnied ndir snal p & i
affects the activity oGBHRA eo @PB FeAX2BT(2n dai nnjlg, CBaFcAt2
whiicrmpairs the cell's ability to remodel chroi
terminal di-fEfeirmiGta lplryese nt s a uanlitghuoeu grha riatd ohxa

met astasi s rate at di agnodind etrfpeawd rashkelse gpernceg

compared bHye &3, s wi tihv al rate'$ typically excee:
The identification of f @ da b Ildeasstl ) fnwcrt d anmoel net ce
redefMBnetdr ansforming it from a single clinica

dst idncsté¢bis€Bis shift has propelled the field t
the uniqgue mol ecul ar characteristics of each
means we can nowesoabsaWheDnheramysndeg t-o redu

term treatment toxicity wBycloamtmaisnt aif mirng hlei &



research focuses on the development and clinic

t

he oncogenic sign&8iing driving those tumors

The clinicaMBpeatailantys floirghcl3i ght s a signi fic

treat ment options. G3 represents the most c h
oncol ogy due toaellibkepbi mi bgye,whbitelm confers ir
treateh d*8cking viable molecular targets, t
beyond aggtesscvey heghmens that*/f rledgdureenstsiiyn o
unique resilience of G3 tumors MBreaseeandh. al
1. 1TuSmor Recurrence in G3 MB

The <current -ofcianfi®@ad | WMiBntvaonldvaersd a combi nat i
resection, craniospinal irrAdi ahien,apandaclyt
di smant !l e atdteaibtidmdry t o proliferate. However

nt er venMBitawms,r sGhave a hi*)hThaseretureemce en
inked to a specialized (dFrnguwkdbt@hcanotensstaeme
el 8ps@%Cdo not just survive treatment; they
emodeling their tumor microenvironment. As t
he resulting empty niche becomes aetfergridwet g

actors and modify the extracellular matri x.

attacks and prepa¥®s the area for regrowth



Chemoradiotherapy

Tumor Recurrence

Self-renewal

Hetrogeneous Tumor \

.CSCs

FE 2

.ﬁ‘;Non-CSCleifferentiated tumor cells

' Dead cells

FigaCancer Stem Cel I-TISarraspgw aTunaonrd FProositi f er ati on

Tr eatrneesnitst ant Cancer Stem Cells (CSCs) su#freineseval hamap)
proliferateas] t-GWi@y earatss mbt TFreBBgressi on.
Wh a 't makeselG8pse particularly dangerous i s

Longitudinal studae¢e s hedmpari imagypatuimemts and th
show that these cancers ?lar>@lrys taecad,i rteh en etwu mdar
survival and regr ogvarhetiisc i andd puteantcieadn sb.y Tnhoins i |
fromr amareyat abl e tumor to a fatal relapse i s

significant shift in the celfgehari splgioms eéngod



1.Qel | Signaling
1.2Qvierview of Celll Signaling

Cel | signaling is the essenti al bi ochemic
environment and respond w?tHhl prmei siecehlysli at o¢
do not exi st I n isolation; i nstead, they are
constant communicat i %'n Tthoi smasiingtnaailni nhgo nmeeot swt oar ski

operating system, govermakgsscurcuhc iaasl wdheectihseiro ntsc

move, or undérAfo icted | caoreea,t hcel | signaling inv
stimulus into a specific intracell utamcekbpba
signattisssues would | ose their structur al i nt e
organs would be i mpossi bl e. I n a WwWiethihyassttat
system of checks and bal ances, ensuring that

recei vewerai fcileedarsi gnal®°f *bmf% ts surroundings

1. 2Si2gnal Processing: Membrane to Nucl eus

The |jotfirmewyliersosnragtehe cel | surface to the nuc
bi ological engineeri n® KkTnhoiwsn parso cseisgsn,able gtiamasnasdh
a hormone, growth flhichds ,toransepeotfa®ecnd ahem
ofhetse Iciaggammds cross the |lipid bilayer of the

receptors to tTvaonsmajtort hceliars ssesgn@id speé eep Rece pa

( GPCRs) , which activate intracell ul ar second:
( RTKs) , whiircthr iprossisce sesshz.ymWherc acltiigyand binds t
receptor undergoes a conformational <change, e
place and allowing comm@nication with the cel



Once the sigreéodmbraseeegsi thenters a phase o
process primarily invobhveéesmgdaedhoaslpayernyzayenteisio n
called kinases @&t phdocwhat € gMmbupsseepsis crt
a single lIligand can activate thousands of eff
To facilitatesd hsscdddwmessedngers such as cy
(cAMP) and calcium iongo(Ca&lJach, vwahi ohhs dsio frifgwa seer
communication is rarely Ilinear; rat her, it re
engage 1in crosstalk, all owing the cell to in
specific course of action.

The final destination for this relay is t6Fh
|l omgrm identity, the pat hspegdiofainmicmatpasd oinn ftalc

protterianmrss| ocate to theeguthéeéosyaetlementdstosued

promoters, to initiatehitargeoedi mamed tg minfstcr i
program enables the cell to produce the speci
whet her that involves DNA replication for mit
the numlaguang Kilgo drives I mmediate structur al

where actin polymerization generates the mect

wound orf4pa@fhogen

To mai ntain homedoisstesagstehs asdcpneeentcel |l s mu
certain signal s. Thi s terminati,ons uchhnh gascd ur
degradati on, receptor internalization via end

anof f dDwi treetmovi ng the phospllathe kgyoucpscepat i ki

is thethenommpl ete coll ection of kinas.esAst hat

10



t he demakeirenof the phosphorylation cascade, Kk

cel l ul ar behavior

1. 2Cl3assi fication of Ki nases

The human kinome represents one of t he mo
functioning |ike a sophisticated circuit boat
precise genomic and proteomic respa@nspersot el me
kinases, but their diversity is ¢fédverned by a

At a fundament al l evel i ntbedsdberecgdyepesahe
Ssubstrate specificity, wvohincdinrged etrisey os @ lheec ts pf
phosphatThegrmayprity of protein kinases are S
modi fy the hydroxyl groups on t hesTehesspee ckiifniacs e

often function as the essenti al "% oNmptoanbelnet se xoaf m

include AKT, which plays a central role in re
responsible for integrating nutrient sensing
class is the ERK/ MAP Kmafianmiclhya, n nwehli cfho ra cttrsa nassmi t
the cell membrane to thd.dbcleus to initiate

By onttrhaests,econd type, elvyorlovseidn d aktienra saensd (sTeK s
communicators in multicell ufliadelortgyanr esanspt oorfsi
facttarsgsdmal laer grouppekcndwrei ay hdhsalhdes upDRe)
to act on aflrehiredeeds ypesri ne,enabrleiomg nteh e m nto
di fferent signaling pathways and s®@®rve as cri

I n the hTHKs airtc hiys oifmportant t o mbirRfefceerpetnotri a:

TKE§nRTKs). RTKs are traseasweméds anbepcet pabtsmhh

11



an extrac®dliindliarg Idiognand, a single transmembr a
domain. When external growth factors, such as
endothelial growth factord) melbbiirede tam dt hesea uridc e

Pl 3%. A1l t hough PI 3K primarily phosphoryl ates

role as d&Kpabryt ngeneorfati ng the chemical signal
downstream STKs, such as AKT. Thi s coordina
enviroesmgnabhb cellular decisions Pelated to g

NRTKs play a cruci al r RIT & s iwnh iccenl ¢gfmahvwda i rsg g n
d o mad m sa lete s u rtfheecmee edbfl,b a MmkRTKs are either found
anchored to the innédf . 8TdeyoarehactieVvht ené mby a
including POhRessd fnomr &ct i on<Exwimph eshef c @lRIT Kma
the SRC and ABL families. These kinases act a

from vawmiucodsaceelrleceptors and directing them

t hey can transcnyittoskiegredlon two tfhaeil i tate move
mechanBysnsse.,r ving as a | ink between the cell's
NRTKs ensure that the cellular responsé? to ex

[

Al t ogdtehecro,ortdi nat ikda m aarmesantge st hae sleayer ed r e
system. RTKs and assobi atoddP eIBiKgsied viei mass epsr,i ma
extracellular signals. K& IMT&smaoR paKbwaysagcl ud)
an integrated signaling cascadlehitso dreeldii caatee dhoa

phosphorylation is maintained by the cofufnt er a

12



switches are stricunlcyontegul, @filéedntigmapnegantpat

condi"ti ©ns

1. 2ThdRGSami | y-ReceNobwr Tyrosine Kinases
TheRBamily Kinases (SFKs) consist of nine

and serve as centr al hubs for integrating int
BLK, FGR, HCK, LCK, LYN, and YRK. Theasae ekilnud sae
signals into organized biochemical pat hways
structural similarity, the kinases have evol v
in unique expressiynf pnotfioes andoYyedbdnmit ous |
SFKs are divided into three main groups be
first group, known as the ubiquitous group, i

expressed across a wide range ofproelels steyspe d nan

mitogenesi s, cytoskel et al rBeyooganagtaifi bheg aed
t he hemarteosptoriiecttiecd group, consists of BLK, FGEF
are primarily founwhemneimmaywecacet di hanheagles,6 coc
for | eukocyte activation and infl ammatory res

YRK. Unlike its siblings, YRK i s-smpetciffawndritr

ori giynaharacteri2%.d°in chicken cell s

Despite their di ffering biological rol es,
mechani cal framewor k. Each member of -ltcddk f at
mechani sm that allows them to switceh dettaMeyetni
conf ormation. The uniqueness of each kinase d

from a region knowrFiagu-BtgheshUnu cqtuver arle gploanst i ci t

13



region serves as a selective interface, all owi

of mol ecular partners. This structural charac
present in the same cytaosp|SaRsAn, caanp apretrifcourl ma ri tks
functions with high precisi®n and minimal int
1.2Co5nf ormati onal Dynamics of SRC

SRC is a prototypical member of the nRTK f .

oncogene wmuamddrnsgtmermddi ng of how intracellul ar
t he mol e®ulUarl ilkeeveleceptor kinases, which requ
SRC functions as an internal processor. It [
mechanical, chemicail, and structural response

Il n ddmaoifRTMKs SKR€r ves as a key model for un
conmnceocnipl ex i ntracellular signals. The human ¢
showcases a modul ar structure that all ows it

signal®tegheerMi nus begins WFithAtehwhiSHE Wmodarn g

covalent I ipid modification known as myristoy
protein to the inner | ayer of the plasma membr
to this aunchroaeeg (ibshgtdtee ad i ntrinsically disord
facilitatesprspteeiif iicntpgroacectiinons and all osteri

SRC'"s functional tsopnetceirfaiccti twi,t he nuarbilguneg cietl | ul :
family eoambetr si’ecogni ze

The regul at or yc ocnoprrei soefs tthhee pS(bBiegiApd e BBIi2c d o m
facilitareteront dyh ori axdtiinggristlo peqguéemees and p

tyrosine residues, réopatctidvdleyor®Bhedhe GHmhaicm:

14



containbindenfTPocket and the activation | oop,

(Figuwé&or2 the enzyme t o achieve i ts full C
autophosphorylation at Tyrosine 419 (Y419), E
stabilizes the catalytic site i n aRecgounlfaotrinmoan ia

this enzymatic acti viitnyt eirsal aalc ksonmapptt h € h' e 8*mt hr ou

Il n healthy, resting cell s, SRC i s maintain
terminal Src( FRignuaseeC3BJSgKhhosphoryl ates a regul
terminal tail (Y530), which acts as an intern
SH2 domain. At the same time, the SH3 domain
SH1 domagisnc,al by shielding t he catalytic sit
Activati on, or the openi pgooéess hehatol begl as
phosphatases remove the(Fngublditgdeiyf ipriotsyp hax tee
partners, such as activat-adsgcowtbdf pcbobbei nsec¢
SH2/ SH3 domai ns. This releadse® amakbelxedasentdea pp

faci ltihteatauntgophosphoryl ation of Y419 8&nd?2th%e r

15



SH1

Kinase Domains
A Unique ) |_|_|
Region Linker
Y419
I I I Y530
— SH4 — SH3 —[ SH2 |=— SH1 —1
Myristoylation T
Site |_|_| l l C-terminal
Regulatory ATP Activation
Domains binding loop
site
B
INACTIVATED ACTIVATED
: . ) Myristoylation Site
Myristoylation Site : ;
. . SH4 Unique Region
SH4 Unique Region /
/ Linker
( Linker

C-terming)

C-terminal

Fig@reStructure and( Acthiewmat i en r etffphBeBRRE@ kit a & s(eBR G Mma i n
kinase configuration with Y530 phosphorylation in inacH

1. 2Ro6l e of SRC in Cellul ar Homeostasis and Fat

Under physiol ogical conditions, SRC serve:
bet ween <cells and their envirbomaht Adhe¢s idore st
( FAK axi s, which allows SRC to detect mechani ¢

detection helps to regulate the actin cytosk

16



invol ves the phosphorlaantdi opna xa fl | p ;g & fanhni scthh eakre

turnover of focal adhesions, enab?(&9gguhe 3Bpl
Further more, SRC plays a vital role in amplif
rece.ptlohriss ampl i fication triggers important st

ERK andAKFIIl XKn§ Eadaes dh)se pathways ensure that
occur only in response to appropriate environ
homeo%/t asi s

The influence of SRC extends deepagtiiwmeloy
suppreeshagi sms that |l ead to apoptosi s, or pr
inhi bitory signal ag-8t hetmahe prcoteaseonespo@es
breakdownhFiogdurcéet3dlachieves this-AKihhsbrvioealtpat
which phosphor vyl ataepso papmwdoit ienfadskiitviacdreasl lpyr,o SRC
BCL2 family of pr omiethanas da pkarpgd vors | & s btolgen |l atigresc t |
indi&®ct !l y

Mor epveSrRC signaling i s PAIRFPEPOWDREBHOSsEAt e
pol ymerPaAsReP 11)i s <cruci al-stfrdarNAd etraemadkisn gi tsii atgil reg
processes. However, when PARP1l is hyperactival
form of progrdmmgd SREB deghhl i ng c¢c®PARPdes o
recruitmenat asdtasto¥i dgmage, ensuring that t
maintaining genomic integrinysirtatheironhawheme
pat hway i s bypassed, -ISIRCe caeamatalH spatalf weyxds. nTercir

interactions wit-hnt drea Rtl iIPBK R Re tc(ehpingokri avaZ)e h 3)

17



determines the switch between cell survi val
inflammation 8Y. YYenotoxic stress

Beyond aondvide&RE plays a critical role in
preserving stemness and preventing prenhaet ur e
SigAalansducer and Acti (&SITAMAD h wHY qaunrseWH3grt i on
phosphorylated by SRC, tSrTAAT St d oalmess mwomba o anle r Wi
stem and progeni noarc!|l eat | STANP &s pNdtadblor Ré e 8 p tw
(NOTCHDhYracel |l UNac€tDddroanmasiinv at ®lefee nepwradkg r a m. Thi
net wor k di r eRtbloyx sTumpmarctrs pSOXA) Fagpoes i on,
transcription ftaheenarn ft eaeéentmasth@&d.e’fdBbi-bi lse &ennt
signature is vital during neur al devel opment ,
pool

As theommiltls to a specifistdmmeageli sregddu:
all otwhemgexpression of mature structural protei
differenti af®edBynewaroeafaldl Isy aba&®l ancing these sig

from a progenitor state to a specialized celll

18



Ligand P

4

YY

STAT3 Ras
SOX. Migration
Stemness S
Differentiation
3K p130CAS /v
/

Paxillin
Proliferation /

Caspase-3 RIP3K

Fi g8reSRC Kinase as a Central Regul atory Hub for Downst
Homeos$RGikinase acts as a central signaling hub that i
via the FAK axis, proli-EBKatahddAKPTR 8 ta ndu rsuv ievmanle stsh racmudg i R«
the SNATGHIOX2 pat hwanyai nittaifnusr tcheelrl ul ar homeostasis by b
cell death pathwdysPARRD| vamg KlaBdPlKse
1. 2KifTnase Dysrequlation: Hall marks of Cancer
The transformation of a nor mal celilngi ntno a
intracellular communicati on, a concept introd

wor k on the h%8 |Tnhaerikssti dyganpgedarmiced essenti al bi ol
tumacsguir e, and espetiyahbfyi ogkftdemin growth s

of programmed eveall lvliee @aatobuenrdat i on of protein ki

Il n a healthy state, kinases operate as par
oncogenesi s, they can®’berchd se deea retgiud wlad u solny fam
circuit in a cellular networ k, all owing kinas

19



an ongoing, autonomoud @Asimulresufidar &elnlasesr \
acquiring and maintaining the hall marks of cal
proliferation, and enforcikgiepgebl sckada @gaimi

aggressive state.

1. 2Ki8nsasse Ther apdaul€amcc dar get

Under st andi nagr et hparti nkairnya sdersi ver s of oncogeni
clinical oncol ogyfreomi-bpeagr t mtec § bt e Rpiaseaxy si o
mol ecul ar medicine. This change-mos$ elkiuglel!l i ght &
and monocl onal anti bodbiiensditnlgats i ttarsg eotr sepxetcriafc
abnor mal ki nases. Sincemdthienillan(d@laa &B-&B)AL iarp p2 @
i nhi bitor that changed Chronic Myelai hahagd&alb
chroni c ,tchoen dfiiteilodn has experien’®ed a surge in d

Current8i naverinhibitors have been approv
proteins such-smal EGERI f orumgncancer, HER2 f or
mel andmase theveppeevided many patients with
significant extfernesd osnurovi waloglrye spsrieocni sel y di sr
that sustain th%HhweévVvemar kwhiolfe ctamesd aadearder
therapies have shown remarkable effectiveness
recurrent-rasidst & etresipiehmceradl Idyh o o d MBrraei rmapicnasn c ¢ r

under st ood.
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1.8tudy Rational e, Hypot hesis, and Obj e

1. 3Ralti onal e
Hi storically, most research on MB has focu:

cruci al for understanding how tumors form, th
recurrent di sease. Il n apteheehesadwng hc &8s MBo f r &
bi ol ogyr @edutttheostes remains | argely unknown. Thi
barrier to developing effective treatments fo

One major reason for this kderwlwaldier gafp 1 g1
sampUrispkemary tumors, where surgical resect.i
|l ocalized climiecal ri @ftdé ssepd raagyt iacsn ,di f f us.e and
This makes sur gieccahinc icatht sanigi hetdh sRwd tyher mor e
fami |l i es of pediatric patients are wunderstand
procedMsrastee bkl @f recurrent tumor samples dir
t hear gel ymeonkaawems underlying relapses, such
the initial, i heamnshgedbobéeopapywith no effectiyv
patients.

To addrkenowlteldigee gap, we hawe achwmuaeimogelds spe
t hactapriet hleata@vir onimesitasnrde cttuhrerreanpy G3 MB. These
a bhfiighel i tfiyopliany®stmi gati ng mbleemouladi(o@h@ngey
Unl i ke studies that f ocus cadted yk iotnih emrl i on€aornyt €
rel apsoefsf ering a much more accur aBy uWsipngti oa
model s, we are priioggi tatze gy ®@hat uigderpiufripe@s n
approved nBediacuastei oenxsi.sti ng drugs have previou:
may skip the | engthy devel opment timeline for
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triCalrs.goal i's to transform-3dweiseg resaaurcds rfea

whourrently |l ack ef.fective treatment options

1. Hydot hesi s
Given t he&t3 rMBctuenrc lest si gni ficant new genomi

that the observed phenosthyipfitc icnh acred d sulaarre sliigkneal
thahesg@gemomi ¢ changes icnr uccellall sfiagentaolri nign atrhee r
tumor r @d¢ urGr3e NnvtBe Specifically, reorgani zati or

may act as a master regul at orfl,i knealibnttaaipmriemnsge rav ar

inhibits dipfemenesatebh aodvi val under thera
of FapAroved i nhi kirtiovresn, ptahehsmea yksi paseesent an at
G3 MB recurrence. Targeting these cfrittheadt em
|l i ke progenitor cell pool and ultimately i mpr

1. 30b3.ectives
Ai mMapping the AdapbiveéeeKikhemglopplod eome t o

signaling si gnattureeastByedneip.a reintegagned RgreasstiydB a nt
model s, we wil/ pinpoint the speci fCRT.mol ecul
Aim 2: D e c i Mehcehrai nmifgs nR d €idd tsasreacd -mehdei ak iermda scel r c u i
drive cellul ar stemiédrd s, amimgif @atciuecmre,s @amd howr ¥ ih\
al | ORWf esi stantt MBbwmpdesscelll death signals al
potenti al, ultimately |l eading to relapse.

Ai mTBerapeutic Eval uateivoan uocaft eS RQ mbnihniabtiotroirasl s

FDApproved kinase inhibitorisaiwdriow i teasrndargd twre
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wi || determine if these targeted combinations

recurrence.
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CHAPTER 2: METHODS & MATERI ALS

2.1. Cell Mo del
2.1Cell Il Cul ture
Primary human -apngdii dti reidc MBY Cc el | cultures

coll aborat gbrs. aTsinkli( @& rlgadagnt £ancepr ReisdMBIOSHD Ce n-
a tremaameat!| arge cell / anaplastic G3 MBByealls m
oladt the tiimetefVWV8nsoMmBm0O0 2g &red rpsruoswidydee d -by Dr .
Jae (ChHSU Doernbecher. Chellllercime sd Hors@mtan )aut o
of the | eptomeni ngemédicatmpidcr tepastnaéeniarcettnoarsyh,at i ¢
G3MB after receiving cYwB8whosphami de, OGBerdBme
derived from the malignant <cells fouponddi andhe
kindly provided bynDwiv.erSatehi &.iDuP k tShh e W{ raz bSu

(McMaster Winndley sptgyi ded us with matched hut

recurrent D498 TGBe MBG@Be I&&| | | ine was establ i
ascites cells and a peritoneal metastasis fro
ol d, and was purchased from the American Typ

USAg3. 104

Dr . SheiglemeBboghy providedBp? &H&r WIBhcred n sy

These cells were originall y aitseal ated da pfsreadm wa t @
The collection and use of these samples were ¢
the patient and their family, in accordance w

Hamilton Health Sciences/ MEMasS tcst’."Bh@¥ Idtche | $ s, ¢

derivedyé-abd pattient withweteemppulr&htaieCdS HiH ovB
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HDMBO 3, SU MBO002, MBidc eMBI8aWlLt GRBed sppshetr @ o i r
s er-fume e Knockout DMEM/ F12 syimewiitah (LXf &I dtea MA)
Technol ogies), 20 ng/ mL of EGF (STEMCELL Tech
Technologies), 1X NeuroCult SM1 Supplement (S
(STEMCELL Technol ogi es), 2 Og/ mL Henpdarlixh anStTiE
antimycotic (Life Technologies).

Hu man pediatric pri mary D425 G3 MB <cel l s
Technol ogi esgl uwdashe O(. LiXf eD Te c hanrotl iomgy edft)d,tcal X2 0
bovine serum (FBS;and feXTeaeadhinwmomgyrsyate (Life
human pediatric matched D458 G3 MB were grown
1 XIluaMaXxX antanbtiiomyiccd-tBiScand O %X Sodium pyruvate
Three days prior to performing any-ffruenec tmean ailm.

D283 G3/ G4 MB <cells were cultured in MEM
antidinoit mgowt FBS, and 1X Sodium pyruvat e.

BT992 <cells were exemandednew( L imfedd h ®ancBhTnl ol o
suppl ement ed.DWvAICGYhe |110s% WwWeBSe ex piagt @ dmoesdd aDMENM f e
Technol ogi es) , S Gp plt e MA M ds ond ituhm 1pXyersusveanttei,a |l 1
amino acids (NEAA; Life -aead¢ h mylcoginals )DRATEH® & ell X
wer e cudemfumeede iBnT1 C enri chment medium for at |

Human astrocytes were purchasedCdrmrlosmb &d,i e
USA) mandcdtained i n MedipuSeti ee nACsetlrlo cRetseeHaurmam L a b «
neur al eENB@srehlt s I sol ated f ilolm veerebk Syaomf Ica ge .a

were collected with informed written consent
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and | egal et ihesaé¢ gel del whkre.e. PhreciBicadngd ierbgyhwe r e
di ssociated in artificial cerebrospinalndf !l ui d
i ncubated at 37 AC in a shaker for 157@mn. The
cel l strainer and col ¢gfeaxcrmed Huymacne nHcSUd st uvgesrtdd o n
s er-fume e DMEM/ F12 medi a (Ling/emLTecfli SEEMELIEE L) \
Technolldg/imls of bFGF, 11 Nenur,o Clull tN2S Miyu pSpll pepn een
Hepaand 11 antibiotic antimycotic

Al el tsgwewmr i n 10 cmitn sa uleu moiud it fuireed pil md welksa
5% CO and 9 %50 atiegascBH@@ceonf |l uency, cenmoatcphed e
509f or 5 minutes. The spheres were dissociat ec
resuspended vol ume. To maintain a h2atlitnheys pop

per week.

2. 1l.n2 Cihterma r adi ot herapy Treat ment

Clinically-relevant in vitro
chemoradiotherapy (CRT)
treatment protocol

e

4 A

@ Dead cell removal

Radiation Cisplatin (200 nM)
Therapy (2 Gy) Vincristine (0.5 nM)
& e .'. o:. A e +_ _________________________ * __________________________ —_— | % .' o:-
e D1 = D4 .-
DO 2-day rest 2-day rest DT

period period
Group 3 (G3) MB
Therapy Naive Cells CRT Remstant (CRT Res)
Cells
Fi gdreCli-netalbvbhpt in vitro chemoradiotherapy tre
To model t-dHz= a rset atnrdeaatdme n t received by MB
clinrebkevmp@Rprot ocol . This regimen spans 7 de

of radiation foll owthle bye lcthse Brodehcehoeadd W g Wie ¢ n
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exposed umi t2oR®rG@ypdi ati on using the Rad Sour cc¢
of treat ment . On Day 2, both treated and <co
di ssociated, and cell s were r eptliastseude acttudat udreen
ensure consistent growth cdadjtabheswi Dgycé8l ke

subsequent treat ment s.

On Day 4, treat ment pl ates were exposed
(MedChemEx pCat¥s78)94and vincristi,neC#tkN0ddgBh8e mE x p
Cisplatin was prepared as a 5 mM stock sol uti
treat ment , the stock was diluted in 1X PBS t
vincristine was stored as a X1 PmBE8 sobooktati ni &
working solution. For treatment, half of the |
and the working solutions of <cisplatin and vi
total medi a, mcenutlrtatnigonsn dfi n20d0 croM ci spl atin

was gently mixedl10lyt ifrhea  pamdy tthhen trudbtessr ned t o

original wvol ume.
Cells were carefully observed on a daily
monitor their growth and overall heal t h. Dur i

avoi dcoorwvfelruency and to maintai mMOnc eDlalyse8clail et i r

populwaatsi osneparated from dead cells using appro
2. 1.i3ve Cel | Separation
Due to changes in cell popul ations foll owirr

3 times as many pl atesnapwwd t seatedi ngl tel Bs W

t he Dead Cell Remoyv aChHKUOUBOYIMa d ¢ emdiin@®@itoa etche
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instructions. This kit contains magnetitc Micl
surface markers. Cells weB0ee@ fli rgsti opel5l atienditleys

with 1X Bifadrogi @edfen the Kkit)cedrmtrriefmogveed raeg

-

500 g for 5 mhewmutrtsed Cesil 3g werepan bl ue and
Dead Cel | Removal Mi croBeads -npenrutle0 i nlciuviang oo
temperatubead Thiadt éilud ed wi th 1X Binding Buffe
per tube, then | oaded onto an LS MACSE Col um
Bi otec, -0@201)#1 8301 mL i ndceraedmecnetlsl st of raodnw a m ayttee c

containing the enrichedilnitwe, accdelullt epiof puugl eadt iaotn 5

mi nut es, and resuspendCed Ili nvilabmLi by wasdi conf
exclusi on, demonstrating an incr easlLedstrthrgopor t
survi vi ng ecpdlalcse dweurneder contr ol cbodi dobwnst ape
experiment al anal yses

2. 1ICRM S®PRs 9 Gene Editing
Tetr adydluichd®Ne Cde® |l entivirus particles wi

(Hori zon Chaits.c Nwer WQASLls2a7 t o esd abuicsbla seab
G3 MB cells were 5sF@eleldzdaich hapkemmediyatoé!l vy, aft
cell s were t rQGN\n sCdausc9e d ewnittihv iTreat| particles at a
0.3 in the proeseegrucaeb roefn e5 ((OMyi B ohkilpionr get oSoi ,gemvdiAa n & &
viral . Topfakeé her increase transduction efficie
hour atFoB82o0WwCng centrifugation, the plate wa:

humi di fi ed at mosphere containing 5% CO and m
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24 our st rpaonsstdtulcduispamgt ai namwgasmedef ul |y aspire
replaced witmedhmseshl gmeomttecnd wi th 5 Od/amiL bl as
A11139@09® select forBbaabl gi trassn élnd @ thiuceall If 0.r
during whiimes trhef rmefhedysvemy i2 a resistant p
Two weeks after selection, cells were transdu
prdeesi gned guide RNA (gRNA) targeting G&RIC, NMwar
VSGHSM_38240064, and clone #2: Cat . No VSGHSM
using the same prBdlolcowi Mg sciri oledexapover e, cel
medium containing 2 Og/ mCath uPPeny®i encMr el epor
the integrQGelelds glReNNAes .continuously maintained
mar kers Bhdspiuciodiiymi n throughout al | exper i me
constructs.

For induction of Cas9 expmedisatoed agelnamd i e
cells were treated with 0.5 OM,doapeY@OX ne hy
was freshly prepared and added to the culture
robust induction of Cas9 protein expression.

for downstream experimental validation.

2. 1.n5 . Mireamaod ment

To validate the saudoemgtnehtaoquicel ii popol a
|l ive cell separation, thercadliatwedeséehal Ggng
cisplatin (500 mM), or vincristine (1 nM).

To acphawvmacol ogi cal i nhi bition of SRC, M B

foll owi-magl esamalld i nhi bitors: 10 ,CM#S&lNaXx3adt Bni b
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OM Bos MeidCihle mME a# eSB3Q1dbr 5 OOCCRICHRES 6Tl | s
were exposed to these inhibitors 24 hours pri
To investigate the cont3SR®Guockaoautof ( K@) | c als
subjected to -iandregak nKO apr dOtOXc o | , combined wi
necropt@niBay 1, cells werSRBQO e®nedawi 2h DOKI ¢
DOX in combinabtihpamawpashe 19dp OpMbesizy | oxdyehbirbomny
Al-Asp (-OMedr omet WA EK BMIKS alel dcZBRathemM)Dd3 100fOM
necroptosi s i Alhi(bM&eolrl eNpekcC B&M3IAE IOm Daye cx,i vedl |
DOX alone. I n each case, cells were incubated
ZVAEFMK and MWece prepared in dilmexihtyd ogean,fc
D12345To accouelt ated ®d6feemnts, control cells r
of DM@&wWehscl e control. AlIIl chemical reagents v

i mmedi at el yacgroirar ntgo tws ¢ deomaend atcit amer ' s

2 .12n Wit dreol
2. 2Hulman Prot eome -kPirmnoafsiel se rArPrhaoys p h o

Phoslkpihmase array profiling was perfor med
Phoskihmase Array KiCht#t( RERDPDPGEREC e mdmarrgu ftaoc ttulree r
specificati onBsr ieenfd yguicckdllisnewe.re | ysed using t
suppl emented with protease and phosphatase i
usitrhgeol ori metric Micro BCACa# sxa3a&H0Og( bif f ¢ oT exd
protein was i nchulbadlkad wartrhayt hme npborreanes overni
platTloemfioll owing day, 3méemimeanésrwébDemiwvashed ¢
wi tm ant i bcadygoondigttppridvi ded fion theérokirt)at. room

Me mbr anes wer e t hen washed 3 ti mes fwoirt h1 0 I
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strepH®&W®iedigrmtovi dedf oirn 3tOh emikniutt)es .atMermba m nteen

were again washed three times, lOhenminlud mishn e C ¢
detectiofprogaded) Meamhrhaeneksi twere 1 maged wusing
| maging System under chemiluminescent setting:
the opti mal signal. The intensity of kinase s

I nstitatl ¢edh)of aHel orgll ative proepiso rwealei zdientge rim

reference spots on the membrane

2. 2Pr2o.t ein Extraction

Suspension cells were transferred into 15
cells were harvested by scraping, transferred
PBS. The tubes wer@gforenirmingeds . atafst0OOr xwhi c
decanted. The cells were then washed with 20
Eppendorf tubes, afnodr p5 | mien etdesatat7 0HA K. Fol l
supernatant, pell ets werre (r2ebs ubskplelnrdiesti 74 .n6 ,R 1 IP5A
NaCl, -4, NP% sodium deoxychol at e, 0. 180 &SDS)
phosphathadbdeéet orC;cddkteaiTlechm®4)DdyLiyessa,t eGatwer#e 1 ni
ice for ,48shoenninadteessd for 1 minute. Finaldy, the

for 15 minutes actondtAad,nianngd stohpee Fparacttaeditns wer e

2. 2Pr3o.t ein Quantificati on

Protenwcenwirtahhiimnt he | ysates was quantified
Kit iwelal-b@éltadam mpbakiemagEme was prepared by miXx
imhe rati2d 22aRrAhHgAbt24 peaargtesntofB, raeadedt p&rtTho

colorimetric assay QUt iCaisbhb yome atihfei cr dalpictt @ iome jod
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cystine, trypt)d phdmwedndy b fCridwsiidbieecliantcihoonni ni ¢
( BCA)

To ensure absorbancespatuesphemampedr wsé hni

|l ysaveee dil Wtdgdd To2eaah well contaiwomli ngp O
reagerbt sOL of either the diluted sample or a
was added in duplicate. The plate was covered
shaker for 45 minutes. Foll owi ng7 On mc wisa tnigo na,
SpectraMax Micropl ate Reader. Fi nal protein c

optiecnasli tdi es of the unknown samples to the gen

2. 2SDABAGE and Western |I mmunoblotting
Polyacryl amide gels were prdpPpAGEdprande duerse

Resol vi ngp g)elwser(e6 prepared fresh ustarcg ydiagniidlel
sol ut i-Pan€ AtB.i o# ) 1 6-H@ILSBGuffer (pH 8.8), 1Q% sodi
Millipore Sigma,l10® tammo RRi8OM5p7Tevsut bgenr)(BRSG.
and tetramethylethyMehkedpamen&i)@ mBOWMERa tt.h e# rdels
|l ayer polymerized, a 6%thttachkhimedi griglelmas waee
acryl amicdg/lmaims del8wl SDEpNnTO-PENAPBUTf R)@)d (pH 6. 8

Cel ysates were quantified as descibleggd abo
were prepared for electrophoresis. Sampl es we
sampl e b-RatleCat(.Bip do@lO&rapt 68t hanpbre Si gma
M62p0and de&AC ufrerd @mtmi9nut es .

Proteins were separat eBl otnE g@dlIsl i d g€ reintee

systeRa@dBi. o El ectrophoresis was performed in
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mM gl yci ne, 0.1% SDS) freshlugi 6pdr.eBp¥alr &Exde sf r o
(ThermoScient i-if)B2; 4 BaUf B8 BPiLBHe (| Cattr ggdm527
2.8% SDS.tep tvwd t age program was used: 80 V fo
the resolving gel, followed by 110 V for apprt
achi eFvoeldl.owi ng el ectrophoresi s, proPevVDsF wer
me mbr Mné $ BpgmaeCat. #)|I e¥VHOG O0thbeeftweotd in transf
(25 mM Tris, 192 mM gl yadi mel,0 V230G % r melt. Iba mholu,r spH

To norpmadtieien | oadi ng, me mESrt akniRs o tweeirre  Lsd ad Ir
Reagent (Il @attndHaogkkesdbtrdd ng to the manufacturer
were twnsedwdthorddiHwo ,mithtueresi reawcthat ed for 1
t emper aftrug shliyn gBrt ékpParr cetde iNm | a Re@Li Mgt a&conl i uvtai toonr | (

20LNMNeSt aieni Dat. Bz e ANASt aliatbebufhfheanchl 9d@H under

gentle rocking. After incubatfioorn,t woe¢ mbixDaitieess w
to remove unbound reagent. Labeled proteins w
System under universal acquisition settings.

Membranedbbwecked wiath &Ly nminl Kk prepared in
at room d eanrpea aF@tk®wi ng bl ockhagecumaembdanesr
at 4 AC with the indicated pri mary Bahw.i bTohdei e s
nex-t day, membr anes were washed three ti mes
hor seradi sh peomxugatsed (H&RREPJndary antibodies
mi |l k/ PBST) for 1.5 hours at room temperature.

Af ter secondary antibody incubati on, me mb r

minutedPreselgm.al s were detected using -Rad@qee CIl ar

33



Cat #)1po=pat ed
under chemi |l umi
Protein band i

He alTthhe) .t ot al

at a

nescence

ntensiti

1:1

e s

rat.i

0]

acquisition

wer e

and

set

i maged

u

tings.

guanti fied

proteinSsi&gmalel o mtga iwaesd ufsream alo

for nor mali zation of target proteins, provi d
variability associated with traditional house
ANTI GEN HOST DI LUTI ¢ SOURCE CaiNo.
p-SRC Rabbi't 1:1000 R&D syst AF2685
Tot al SF Rabbi't 1:1000 Cell Sig 2109S
Cas?9 Mouse 1:1000 Cell Sig 14697S
SOX2 Rabbi't 1:1000 Cell Sig 3579S
TUBBS3 Mouse 1:1000 R&D syst MAB1195
Cl eaved -3C Rabbi't 1:1000 Cell Sig 9661S
Caspase Rabbit 1:1000 Cel | Si g 9662S
RI P3K Rabbi't 1:1000 Cell Sig 95702S
PARP1 Mo us e 1: 667 Santa Ci SeB007
Nanog Rabbit 1:1000 Cel | Si g 35808
OCT3/ 4 Mouse 1: 667 Santa Ct SE 279
p-St at 3 Rabbi't 1:1000 Cell Sig 9145T
Tot al St Mo us e 1:1000 Cel | Si g 9139T
Tabdlei st of primary antibodies used for western
ANTI GEN HOST DI LUTI ( SOURCE CatNo.
HRP
CONJUGATE Goat 1:0000 Jackson 1103514
SECONDAR] Il mmunor ecs
ANT-RABBI T
HRP
CONJUGATE Goat 1 : 0000 Jackson 11-63603

SECONDAR]
ANT-MOUSE

| mMmmunor e

<

3

4



Tab3lei st of secondary antibodies used for westerr

2. 2T.r5y.pan Bl ue Cell Counting

Cel | proliferation was =evaluated wusing th

technique Itihoaetl lisd ebnatsiefd eosn me mbrusree itmtygami thy .

which is selectively excluded by the intact
compromi sedi médimba taineeasi mtfercred Ili zdee attthe dye and a
mi croscopy, all owing flaramndyemhievai rrpgdpasdtidltnicd i 0.n

The experimental workflow tbedarnOby nteeéd &Zmd
well tissue culbuteaplatabil T Taaaliloow the pl at
standard culture conditions (37 AC,wi5t¥%h Ce&i t, h ér
the designated drug or an equivalent vol ume
foll owing treatment, t he ZX@@flosr wbe rnei nhuatrevse, s twead

PBS ameén resusmpemndgad aitre aarmmlapme of PBS for cou

An al i quot of the cwiltlth sQu.s4% ntsri yomanwalsl uma x®
Si gma, Cat . # 9BbA&)HLW DI amd: af rabhi® mi xture
hemocytometer and examined under a | ight mi cr

counted across t he.Thheemd d yntad meltoiemvei eohgt aschrivaaretn a f ¢

using the f oAV eorwaeyal um ¢éysurawllr 2abh Di | ufta catnor s

2.62Ph.rest oblue Cell Viability
Cell viability was quantiEHSIi @elly MYisaislsietdy

Invit€CatgeP50201t eslhzued naseaywyeshats a sensiti v

met abolic health by measuring the reducing po
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the fdaumrescebhasadksaamponwmnd is reduced to hig
resulting fluorescence intensity is directly
popul ati on

For the experjcméhsalweapeoas edecrese t y of 1 1 1C

steriHdcet t dwe 846 ipn alt eme@Il hef pl ates were B3hcubat

ACn a humi di 5% dCtQot)rad d piwefeor cel | attachment
stabilization period, cells were treated wit
experiment al conditions were performed in tri
addmdali owell s containing only culture media wer

for-smpmeri fic signal s.

At specified -ttriemetinfemiOnt sof poPHiR st eBean |
concentration of 1bhhdwms xeddgentbyeadThewpl bt e
37AC for 15 minutes, protected from | ight, t
FIl uorescence intensity was subsequexdiltyatmeacnmn u
560 nm and5®0nirsm.i on at

To determine relative viability, tmelgver a:
well s was subtracted from al/|l experiment al re
contr ol g r osuept, twoh i lcthO % awxi eatbe rlmitnyat iad n oonfi ntghe r

the treat ment on cel | heal t h.

2. 2Tluimor sphere Formation Assay

Tumor sphere formation assayenwaraé¢ fcephei myg
under fgereiguhimenent conditions. Celdel Iwegwesgensil

by gentle trituration through repeated pipett

36



vi absimglye cel |ass wkasc rciouendresilbo®eaccur ate seeil
were plated at a | ow denlsnilofy soefr e2em 59 rioawd thp nmoedl
ul4momav att awelmenpgl 2t4des t o prevent adherence ani

Pl ates were incubated at 37 AC in a humidi
mai ntained for 5 days to allow tumorsphere de
with tehd hekeesi gnavetdi dregconttt dle. Treat ments w
sides of the well -adhaventd dulstnuwmrndsmagn ddhitesornuspmts
the forming spherdasy. iAtcutbhad i emd fr itghha f5 el d i

captured from muwlft ivpleew rpaaatdogne tflinealgduso gpegdewi tF

digital <camer a.
For secondary sphere formation assays, pr
di ssoci atecdlilntsauaspiemgli®ohswvelyl $ rwemue ac o wmt ec.nd

reeeded at the same density ofo®. atl akdlmece! P
pl ates under identical culture conditions. Se
cul ture.

Quantification of tumorsphere formation wa

l nstitutes of Health). |l mages were analyzed t
spherical colonies with a mini memheramet dahief
was selectedprt ol iefxecrl autdiev en ocne | | clusters and t
from cl onal expansion were included in the an

2. 2Mi8.r ati on Assays
To evaluate the fnviBgrcaetlGlFdyx pp etsesn tnigalG3o MB ¢

harvested and r+#£seegpdiBdteae ddisutnasbelriusnh a basel in
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i nduclthieorc.el | s wer e ofle @ntted | e lpleridmemer t geamber
CorningE Tih2aelplwélykcBr bonate mesnbrpaonree isniszeer,t s6 .
di ameter; T@aac i I#i3t4a2t2¢) .di rectc¢c lmambaesmifgirialteido nwi tt
OL of MB medium suppl emented Wirtamswe¥%wl FPpEanas
incubated at 27T M0 spheness5woduq7i2nghowhri ch cel | s
designated drugs or a vehicle control

Foll owing incubation, mi gration was asses:
preserve cell integrity and eGFP sighalupmpeéen
chambrserts were briefl y -proesmotvievde, caenld smisgirtautae
surface of the membrane were i magedou®insgran
statistical robustness and an unbi ased repr
mi crographs were capturedf iaerdssofmuvitéewl! feonr ama
condi thambeThef migrated IcreddesJ wasf tqwmamd i (f N atdi

of Health)

2. 3. Patient Data Anal ysi s

To evgkuonatexpression differences between p
available dataset of paired%umwars grahnpml edsatfar o

accessed via the R2: Genomicégt Apal ysiusnameamdrt Mie

nanieTumor MeduKdrodh8aspkmd f pe. 0 Nor mali zed gen:
were downl oaded and processed within the R st
and ggpubr packages for data orchestration ar

GSEmol ecul ar signabursswass SREl axedvity.
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http://r2.amc.nl/

The magnitude of change in this SRC actiwv
recurrent states wasa ¢uamtdiafrida & ews inteca s@ia lee rod s
measured the distance bet ween group means [
approxi mately chtZz2,go0izZedamd Gm&l | , medi um, a
Within this analyticaldréefhbhmetwsr &8, hagphesi meanp ¢
in the primary tumor s¢atwhd | @n ae mreigah me/ret vafl u

signature in the recurrent tumor s.

2.14n Wowdee |

2. 4Etlh.i cs St atement

All experiments involving animals were app!

Car e Co mPriotttoecetd 5)9. B0 bese di abetic ( NOD) s e
i mmunodeficient (SCID) | L2RPg&ticfla2m$is k) &SG)
obtained from the Cancer Cause dMafmon odAal i Reasiesa e ¢
were haowmgdediidrual IITW)avrech t mai rctaggiendd i n accor dan
of the Canadian Council on Ani mal Care and t h
Mani t oba.

l rradi ated ,drecedc avgisngusaenmdd bedding were st e
Ani mal s had conti nuo uTsh ea crcoeosns atnob i feonat o2 Badn@p ew aatt
with a relative bhuumiwditthy ni6a8r%y eath gogfh ©50c% 61 e was

offegi nning with |ights on at 6: 00 a. m.

39



2. 4G32 .MB Recurrent Model
Control Tumor
@
CRT-treated
CRT-treated Tumor Recurrent Tumor
& Tumor Radiation Cisplatin ;2.5 mg/kg) Tumor Tumor
Visible Therapy (2 Gy) Vincristine (0.4mg/kg) regression relapse
‘o b b b,
D5 D7 7-day D14 D18 D25
D1 “oliday
. ?rthotc;)pilcl %’_/
Gty in vy
treatment protocol
Fi gbreClinetaivlhpechemor adi otherapy treatment prot
To estakrl impirtdgrfefsrecurr ens ,i%BBe edkBNISGI mo r
mi ce were anesthetized with i sodnddirmonsi t(i50m eidr

stereotactic frame.-MBOSuope i MBOd2 el | 50 i nH

was injected into the cer eberldnmdmnmilngbdt ¢anndde wirso n
manner . Based on prior experience with this
clinically si gereinfgircaafntmebygt ,tdhaee fHBi guhalsyt aggr es si
cel%s

On day-edgpatt ment , mi ce were randomized in
served atsr emlteecde dtpohveer acpoynt r ol s and received no
second group received standard CGRIT.t AAné¢ maniso 9
irradiation (2 Gy) on day 7 wusing the Rad Sou
custfomted cerrobend shield was used to prote
ensuring uniform ex ppopseurr es poifn et.h eOncer annei eukm faonld
14 woagtraft ment) , chemot herapy was 1initiated
cisplatin (2.5 mg/kg) and vincri stmane h(ed. 4 arhg/
i nj ecttihen ol uhit iea
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Mi ce were closely monitored following treat

University of Manitobads Ani mal Care Committ ec
onset of significant <clinical sefergoyapapobaly
tilt, seizures) or signs of pain and distress

anesthetized, perfobedi wst wef er marlr vefsitaadd iTn s
10% nbobwtffalred fidgdawasi prifor Ho paraffisn ieambed:

prepaffarn i minst opat hol ogi cal and i mmunohi stochet

2. 4G33 . MB Survi val Studi es

_
‘\I ?

Saracatinib (40 mg/kg)
Oral Treatment
every other day until
humane endpoint

1x10°HD-MBO3 cells D8
L I}_itildialion t
- erapy Cisplatin (2.5 mg/ki
(2 Gy) w'ni’iiiiiﬁé (o.an;ggu?g)) MRI Imaging
D7 i
Othotopic D14 D22 St humane
Interacerebeller Tumor endpoint
Xenograft Visible
Do DS
L1 11 ] ||||| |||||I |||I|I|
Figeéreln vivo experimental design used for su
For survival studi es, a simiibawepkstotd) v

engrafted orthotopMBO8|l kel WstBusgpéndeéd HPD 5 OL
gui dance. @mgdayt mepbst ani mals weert r@amawpns z ¢
pl acebo 2CRAL r3a&lRF- Sar aiclmo mimi nati on-tteara@gyaniCR!

received craniospinal irradiation and chemoth
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t her apyl o oucei ved Saracatinib (40 mg/ kg) by
on day 8 i(rlr addaiyataifotneer and continuing until end

met hyl ceMil ull i opeCaet# SHFEAR S uspensi on. Control al

vol vmmad ched vehicle treatments, consisting of
met hyl cell ul ose containing no active drug.

Ani mals in all groups were weighed and mo
neur ol ogi cal deficits. Humane endpoint <criter
t he CRT group died from complicatiasasexoltetdeaed
from survival analysis. At the time of sacrifi
collected, fixed, embedded, and sectioned for
2. 4T.24 MR | maging

T2wei ght ed MR I was perfoeemedTugFilrexi camrys
Solutions, Guitdfwounit Surtr-empadgfaemph wmohumes
calcul ated from the acquired MRI i mages using
coronal senctihormkne3®) were analyzed, and the
using the freehanad nmeelodc teiaccrh tscecclt.i olhhevawso cal c
vol ume was determined biyndiummduuagl tdhlei vewd umerso

esti mate of over al | t umor bur den

2. 4T.iss.sue Processing and I mmunofl uorescence

Par aefmibhendded ti ssue sections were first dev

Sl'ides were incubated i nomamt iolvetnhetp &rOafAfG nf olr
me | tDeedwvaxi ng was further achieved by i mmersin
washes, each for 5 minutes, to ensure compl ete

4 2



sections were rehydrated through a graded et

successive washes of 100% ethanol for 1 minute
et hanol for 1 minute, and filnml hutei asedoomde:
Antigen retrieval was dpéruftoerdmeld ufsrionrg ac iltOrl

Al drich, XatS| #d€999W®r e submer géldo0 nAQ) ecdhrech t lrea

in a microwave for 20 minutes. Slides were th
room temperature. Foll owing antigen retrieval
each to remove residual buffer

To bl oxke miofni ¢ binding, slides were incubat
chambterroom tfeompetrbatmuimait es. After bl ocking, e

and primary antibodi everci laptpdd eidn t o% tshleedp ssal
incubated in a covered hydration chamber at 4
antibodies.

The following day, slid¥®PBE8mMdéowe bt nmti Mrud & s
remove unbound primary antibodies., Seweoadahegr
applied and incubated in a covered hydration
t emp e rTatr eree .addiinutoemawasshes in 1X PBST r.emoved
Slides were i mmediat el i amooumnd eAln tuisfiandge PM ooulLnotna
(lnvitrogen, )Caand #coR26®d1l with gl a,ss Caxto.ve#s

CLS297p2280preserve filsasbaesceuckeiand counte

FIl uorescent i magesZewesrse Acxa potlunraegdeyr u Zikmgmt a e
Quantitative Il magi ng, Phenotyping and Sortin
Research I nstitute, Cancer Care Manitoba. Quan
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using I maged software (Naticeddl clomrgteiltaduti osn @fn
sections were segmented under DAPI gui dance,

For ofvleumrndscenceftmlslsesesmenns were analyzed t

signal intensity across the tumor section.
ANTI GEN HOST DI LUTI SOURCE CatNo.
p-SRC Rabbi 150 R&D syst AF2685
Total SR( Rabbi 1400 Cell Sig 2109S
SOX2 Mo us e 1400 Novus Bi o NBR29 6 2.
TUBBS3 Mo us e 121 R&D syst MAB119E
Cl eaved -3Ca Mo us e 1. 50 R&D syst MAB8 35
Rl P3K Rabbi 1400 Cell Sig 95702S
| BAL1/1AI F Rabbi 1800 Cell Sig 20825sS
Tabd elList of primary antibodies used for | mmunof|
ANTI GEN HOST DI LUTI ¢ SOURCE CatNo.
ALEXA FLU
6 4CONJUGAT Goat 1:00 Jackson 1160603
ANTMOUSE Il mmunor ecs
ALEXA FLU
59@0NJ UGAT Goat 1:@a0 Jackson 11158544
ANTRABBI T Il mmunor et
Tab3 elList of secondary antibodies used for i mmun

2. 4Bi6e.l schowsky Silver Staining

Neur onal fibers were Vvisualized using t he
Cambridge, UK, Cat . No. ab245880) according
deparaffinization in an oven at 60 ACefbed30 |
slides were hydrated by washing 3 times in d
containing 25 mL of 20% Silver Ni twraa tme dS o Inu tai
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water bath for 10 minutes, and slides were in
rinsed in 4 changes of distilled water for 5
Solution (provided with thearlkdi,t)s|fiadreslOvemien pt
Devel oper Solution wit hbrgoewnt |ceo |aogriatialois)na pupndt a n
transferred to Ammonia Water for 30 seconds.
Solution (provideduwietsh theskidt) dedyd2amed i n
Par mount (Fisher Scientific) using glass coverl

were captured using a Zeiss Axi o I mager.

2. 5. Decl arati on o0As sGesnteerdatTevceh nfoll oagnide sA
No generative Al tools were utilized in th

this thesi sassThset euds et eccfth ndll ogi es was strictly
and linguistic clarity to tiemptr.ovTleh et hteh eosviesr awad

revi ewed and remains the sole responsibility

26 Statistical Analysis
Al data analyses were performed using Mic

Unl ess otherwise indicated, error bars repres
Statistical compari sonsnwat wieadiolnedd c8 seaitirassti sy t
way owaywanalysis of wvarianceFi(sAN®S¥#AS) , ST ohi Dw
Di fferencemwhle8Daunltleptairs of datasets were com
test was. pWesemwmrrynemdean was only compared to the
compari sons tesaswapepefiedmed thdeoddrmra¢spond

pval u. 66 was considered statistically signif]
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CHAPTER 3. RESULTS

3. Ther-apygi stant G3 MB cells exhibit elevated ¢
To evalcudtlilgalvel i ng adaptations driving rec

G3 MBuswd a clinically r el etvhageat | SStRdl rabeeagd eme n
treat mEmte@epatieentG3 MBMB03,l 33U nvB0O2HD and MB:
treated with 2 Gy radiation f ol |l owetdr ebayt neinsp |
Foll owing treatment, dead cellys ewagregdpemav edny

that survi veldi guURTe t4)eat ment

These persistent <élal |l pogedawi o¢hs eweherr &
of chemothen®d®@OuiniMc cagehtas i.n Qurank i M cvaitn corni otf
via the PrestoBlue metabolic assay revealed
reduction in sentsheidapgveel IKsognpTalwiesd) dwiivtehr genc e ¢
t he establ ICRAmesntst aRhets 3 ( PRTenot y p e, ipr ovi tdrag
exper imoedfetdeaxt pl 6 hengiagmcaliitregct ures specifically
t heywapi stance.

Cell Viability

HD-MB03 G3 MB Cells SU_MBO002 G3 MB Cells MB3W1 G3 MB Cells O Therapy-naive
B CRT-Res

150=y p=0.0041 P=0.0014 P=0.0054 P=00220 P=0.0004 Pp=0.0009

2

150 P=0.0153 p=0.0441 P=0.0064

100mds sssssntotessasassransnss

=
b=
=
S

50

o
3

Cell Viability (% Control)
=4

Cell Viability (% Control)
Cell Viability (% Control)

=
=

Cisplatin  Vincristine
(500 nh1y (1 nM)

Cisplatin  Vincristine
(500 nM) (1 nM)

Cisplatin  Vincristine
(500 nh) (1 nM)

2GyRT 2GyRT 2GyRT

Figuval i dat i ®Re so sgh@&Rod ype cehl 63 MB
Celilabvi | i t ynaofv et hdereda @ROT3, SU_MBOO2, and MB3Wl1 G3 MB cel
with 2 Gy RT, Cisplatin (500 nM), or NVepcmbBant Nes(&. mM
from 3 experimental +#taphiedatses. Unpaired two
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Foll ovvailnigdat i ofRecf pthlee@m oCRP e, we sought to
signaling Badbdeptatctiebhs. i We empl oy ekdi naa sper oatreroanye

simultaneously screen the pho(shphpoenydiaxt. i Foing wsrtea

Densitometric anal ysis of the array dot |
upregul ation of SRC phosphoryl @®BR€&€nYAali9n tBGRTact
Res MMBOC2(FsguBApdpeAhAdi XAFIi ghracrnolvadt on i dent |
as a pri mauwncalitgenradtdhneguaemsyn gt ance. Beyond SRC i
increphaosphoryl ation in sever al key plowmstr ean

PYK2,pPan&IFi gur-BBABpAndi x2AFi gur e

I nterestingly, whil e SRC signaling was S i
pat hways frequently iimpdligpkTERKLM2pI NKnédgdes s
totayr epsi nemhenedsunaf freqgtilddembguBa®i GRAppendi
FigaBehTs divergence suggests that the transit
by a generalized stress response, but rather

architecture
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Proteome Profiler Phospho-Kinase Array

SU_MB002 G3 MB

‘ P=0.0034

2.5 w—
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P=0.0001

P
0.0001

.
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2.0 =

|

L
A atbr s A

Fold-Change
Densitometry Quantification
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\é\ ‘1> % Bm’\\d(\ & O%Qq/’\ T Qq . "A\q, S @@ c_, /\ Q ?.? q,@ é \‘\% ro o «?‘
5 4—' ) o ‘l- QL ? F
S v., I S ) Q *" \ OJ
‘1/\\“”& & & ¥ FELE EF &
\ U
& g 8
4(53" §\*- &
B G3 MB Cells
SU_MB002

+ + CRT-Res

» 0 # #® | psrRo(v419)

> 4 ® B | p-Lyn(Y397)

p-PYK2 (Y402)

"
. " ® 9B | pPLCy1(Y783)

- 0 | p-AKT 1/2/3 (8473)

p-ERK 1/2
- - W 0 | (T202/Y204,T185/Y185)

p-IJNK 1/2/3
- » B W | (T183/Y185T221/Y223)

Fi g8r eTherreaspiyst ant G3 MB cells exhibit elevated SRC pho
(AQuantification of KrntasemearRragf irlessrul Rlsodfploan n = 4 e x|
densitometry quantification measurement normalized to
s.e. m; u+# @atitredBRtewos esent at i-SRCAdOY4Ayhp {{ YP&FKPp (P-402), p
PLONXY{T783AKTDP/ 2/ 3 -E(RX417/3R) ,( Tp202/ Y204-JNK1BB3/ 3185)183anNd8p,
T221/Y223) spot-ki hasen aheaphmemboaagee cdRm@gaGRT IBOBEr ap)
G3 MB.cell s
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These

t hey cwerse st ently observed

initiadi ngs coll ectively

mechani sm t hat

may play a cruci al rol e i

recurrence i@®3 tMB.s

G3 MB Cells
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I nitially, CRT treat ment produced a robust
regression compar ednawivteh cuomttrreodt egdr,o utphse r aHoyw e
responster,eaCRT mi c e eventually d e veefl foepcetdi v e & &
recapitulating the clinical yFhagunomwmeé EDRpNnafl ydi
par afnibiendded tumor tissues reS8SRGI ¢éevelasked uvap

tumors frtomeathed CRdhort compBredrrB&yi 1t hAnapve c

PDOX Xenograft Tumors

Day 17 MRI Day 22 MRI

Therapy-naive tumor CRT-treated tumor CRT-treated recurrent tumor

-
~~~~~

Fi gabe2wei ght e o MRhegr asnpy v e -tr ERT e de, ¢ uarndenrotr s
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HD-MBO03 G3 MB in vivo xenograft tumors

[ Therapy-naive

Therapy-naive CRT-treated _
Control Tumors Recurrent Tumors p-SRC B CRT-tfeatad Recuirent

12000~ P =0.0361
p-SRC 10000 =
(Red)
8000 = @
6000

Fluorescent Intensity

6000 = Total SRC
P =0.4627
Total SRC % —
(Magenta) € 5000—
2
£
€ 4000
[
5}
3 3000
] -o-
DNA (Blue) Scale bar: 100pm 3
W 2000 T I

SU_MB002 G3 MB in vivo xenograft tumors

[ Therapy-naive

Therapy-naive CRT-treated p-SRC @ CRT-treated Recurrent
Control Tumors Recurrent Tumors P < 0.0001
10000 = E

2
(7] s
2 9000
[
o
£ 8000

p-SRC =

Red

(Red) 8 7000
]
= @
5 6000~
=
L 5000

G5 Total SRC
P =0.0235

4000 =

3000 = g

2000 =

DNA (Blue) Scale bar: 100 ym

Total SRC
(Magenta)

Fluorescent Intensity

1000 T T

FigatRecurrent G3 MB tumors exhibiitn ivicvwroeased SRC phosy
A-BRepresentati vRGC F( Y4nlag)e s( roefd )p, totalt abREd( D)l L& UEe)
HDMBO0O 3 (aBSdJ_MBO 0 2 -ntahpyevrea pcyo nt r o |-t rteuartoerds raencdu ré@dfsdini skemor s .
pl esthow quantification o0f 4dltuomersceampliag epsi tgr dupm wi
unpat weaditt ed t
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To further strengthen the clinical rel evan
in pderened primary (D425) and relapsed (D458
OQur Western blot analysis reves&lR&Cd pa odreamatl iew
the recurref(fFi pub8otd&béemine whether this tr
patient popul ation, we interrogated a publicl
and recurrent G3 MBopahi ent alsa®BRICe snRNAI expr e
significant elevation, the overall SRC activit

out put, was noticeably uspamepjdsgtued L2B) he rec

Taken togetvem,oladwsr cl osehy oibblsregwvw awi omsouimpr

strong eviSHReEn cuep rtelgautl apgpi on f ol |l owing CRT treat

]

espons,e;i tr aagphpeerathg@st onpesiagnal i ng nadiawtoeasieon
findings underscore tm®R@oupmernddg wll atriodn aosf as uk

ecurrence in G3 MB

-
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Matched Primary and Recurrent G3 MB

+ - D425 (Primary)
Mw
(kDa)

63— &

+ D458 (Recurrent) ] p =0.0025

p-SRC

Total Protein

_
63 _|
Total SRC
+ - D425

Fold-Change
Densitometry Quantification

+ D458

p-SRC/
Total SRC

Total Protein

Okonechnikov, Konstantin et. al 2023
G3 MB SRC Expression G3 MB SRC activity signature Primary
. Wilcoxon, P=0.68 GAUTg f,:ﬂ;i?;ﬂ%::"ms Recurrent
P=3.03e-01
5 \ n 7 ~— . 7
H A . N - -
B, ( | E‘ Primary o T~ 1
o / N @ —
E </ N Recurrent g
= O
2 ) @ o
N4 :
~
0
Fi gaerl eva on of &rReCc uwsrirgennatl i Gi8ga Ml pati ent

vat i
(APSRC (Y419) and total-tscs&&t edmmabbhetdsprnm&RYy (D425) a
cells. Graph represents densitometry quanti-SRCAtobDal me
SRC frr=on8 experi memred e nteepllsi ae.t s an A paa HtresdtBYiwol i n pl ot
representing SRC expression and SRC activity signature
gene set in the data set from OKkooamse cuhsneidk ofvo rK.s teatt i aslt.i c2
Cohen6s d was used to measure effect size.

3.8BRIIinduced SRC activatdmd 9 wsBsg@rdBi M8 tempons:
Todetermi n8R@heaethevation is a generalized

subgroups, we evaluated its occura emocree ifna vtohrea
clinicalPl' ptPodgnogwélelb hallhieshed DAOY c-eaéti Vveade

SHMMB celBIT9I9I, nave apphi €RTrpeos ame | previously
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MB expef(FmguoteVe4)t ern blot analysis of the sur

contrast to GMBcMvBl,l svidaibd enocStHHe X p-EBCFi gny.eup BAYy

Given that elevated SRC exp MBS iwen iinsv eas trieq
how CRT affects SRWBcadtli viwihtnye i nh ash eb eD&2m8 3pr evi ¢
G4 MBnt eresolhgWwiyng CRT treat-3nR@Qt | evboltdh deodre
significantIFy gi.n ITG4 )sc eslulgsgyest s t hat G4 tumor s
di stftirment t hat of G3 MB. Thesecouelsdulbtes a n$p3l yMB hs
specific mechamhsmhofmarye ssixgptlaanme ,why t hese peé

chall enging prognosi s

't is critical to deter misme swmet er shue ali tviay
foll owing CRT, as damage tacsttriopeyn @saasipidb IN&ICk,
driver eafertmtheneluamgogni tBsvuer vdigviofesitds | svevers tii m al
wexami-BBREepels in normahdhiumalN@sserbyleitlesd t o
same CRT protocol uUuséli goRetodilyl yG3maMBe gneoadmeid nsc e
showed no SRECré¢ayveldlecsatpm@esguur,e iln3dd)cati ng t hat
shift +sspexitfumoradaptati on rather thant aegtemenmn
These findings sumgeésat € daba® Qareogneitsiinngg GRiTer ap e

to selectively eliminate recurrent G3 MB whil
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Sonic Hedgehog (SHH) MB Cells

densitometry
experi

ment al
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3.9RC activatiohi Eeppoopersteasmsitmnt h&BamMmB c el

OQur findings establish that SRC activation
cells following CRT that per &ssweTd hbwiulgdh oawnt t
investigated the molecular and pheRheos y3 cMB on
modeSRSsC i s a versatile kinase known to orches:
mai ntenance®? fhosweevnenre,ssits specific contributdi
under stood. I n many malignanci-leisketdhel prepegulc
a primary driver of aggressive behawvven,tmesta
associations, we sought to determine whether

of t helsiekestprnropeCRiTes foll owi ng

Comparative Western -hbhptve peaRdsi DGBIDG3 oafndt h e
SU MBGB2MB models revealed a marked enrichmen
CRT We observed a sisgniefsiackannti aulp rpd guuli gptoit cemn coyf t
includi ng SBOXRdi noge ttarmeeBgd c ( IBELT, omntiadcther homeob
NANOGFi gure 14, Apkhemtdh r rhRo rjai,k et I8ihsi fstt emas ac c
the robust activation of the Signal Transducer
at its critical-STATB3I I TrAppehs3)ure. FODGug @r 8) 1 el
these transcription f actsorcd ,atwea dcdetta ovtaegd otnh e f
axis. This was evidenced by the increased pro
| i glainddi ng extracalkimeimbr ahbNEC M) ®ampd niidkmaye r eNT 4)
The concurrent e lOCV-MANOG oOfi adhe &SIOXRgsi de ac
NOTCH1, suggests that G3 MB cells undergo a c

a highly wundifferentiated and resilient state
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Conversely, the neuronal di fferentiation m
l ineage commitment, was s-Rg@&@3 fNMEpaongtullyartdigosnn e e g
147hé oss of TUBB3 expression, pai FNeQT OH 1t ha xti hse

indicates a profound shift away from neuronal

state. This mol ecular transitiinomr elsipgphmisieg htos ta
pressur e. By sfteewmiretniongpeo these cells acquire
renewall capacities, enablimgl ¢l moidad!l treat meaea
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G3 MB Cells

HD-MBO03 SU_MB002 HD-MBO03 SU_MB002
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a S ]
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g 00— 8 0.0
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Fi gad@RIRes i sadlandi d iedni leat ur eesd wmaieddf er ent i at i on

| mmunoblSORG (o¥f41p9), total SRC, SOX2, NOTCH1 (full 1l engt
Res -MB03 and SU_MBO002 cells. Graphs represent densitome
(NTM), and TUBB3, noil malsit aé tn d v d hdereda @@BRA 3 parnodt eS U _ MBOOZ
cel |l —feomxperlmental replicates,-tpittednted as mean K

Similar results wtMB6O3 oRhWMBOZEMX i moddles HWh er
compalrHA nigna ¢ ehse rfaapoyme and r.ecwirerent r ¢ mimotr smor s

upregulation of SOX2, al ong wi(tFh gri5r-2AT haibd e d ¢
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mol ecul ar pattern fturdadatememiotnds rams shhat &wRay
di fferentiatioshikewand @l meteécstseémt e, ulti mat
resistaecerramde.

A HD-MBO03 G3 MB in vivo xenograft tumors
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= CRT-treated Recurrent
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Figabe Recurrent tumoke érxhitbiresstbem reduced differenti
ABI' F i maoAg®&MB O 3 (aBYd)_MBO O 2 tumor-raffvemndaeCRPYyrecurrent
stained with SOX2 (green) and -arkehB 3s k(eyre Iplloow)s wift hf | DufoR |
frem 4 tumor samples per group, wWiatittk eedtsol i d | ine at t|
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To investigate whether SRC is required for
Res G3 MBestktéabds,Bwduci -ONeCag8it SREdockout (KO
systemMBA3 HBnd SU_MBO0O02 | i nes.SR@tairlgiezii mg tgwRN
(SRl ones. Foll owing CRT admi fRiest rpaotpiud m,t i we ¢
har bohedi nduci.blThecsoen sdeglulcs swere then treated
depl eted bot SRtCogt a&clorSRC aandcgp with a dleowkedls r e

(Fi gurler ,16Appendi x Figure 4).

CritiSKR&lelpyetion I ed to downregulation of Kk
OCT4, NANOG, &AM, N@hGH-3 BRATR: el rig7 ,1 6Appendi x Fi
4) Thi s | oss of progenitor identity was acec
di fferentiati diri gna-Lt & p s DYRB3I i ng t hat SRC act

preserving the undRéseGeéaeMBated state of CRT

Furthetrimer ef SRclepl@fti on wearestamae@ s|assess:
tumor sphere formastiabn i asshesay smeadbowelinlegvat heapak
of cantekescBREG.rddhel ted i n atdnegmberm cafat yr e
tumor spmareéismini shed ability of the cells to
pass drgiugnigdl 9

| mportantly, the obserwxgrpheanSoREy medfiaarse r e
functi onSFPOEO i GRGsheGBeMBs restored both stemnes
the capacity for ( EuaguoArBs)p B(Bornev efrosrenhayt,i adarhe neur o
mar ker TUBB3 was downr e uli gtus)ce T2 e SIRECs wletsd ol
critical and direct rollei kfeorstSR G ionf n@a3i nMBaicneil

treat ment .
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cells. By stueam@desrshi bitingediablesenuimatri coer| | SF

plasticity and invasive behavior following CR

3.50s SR®fromotes cell death via apoptotic and
resistant G3 MB
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during programmed cell @®eatals. aTliacshpeaacvtaaka toiyfo np
( ADrPi bose) -poll PRRPasenuclear enzyme involved
PARP serves as a baipoocph{feansyi2z=a-R). mair khkelrt ameousl!| vy,
was al soasndiiggéereddby increasend egxagriteae nNngygi o od fe
(RI PBKiy 24-B), a signaling kinase that is part o
|l eads to necroptoase aelividieymtihs whehi ciasmpt or
induction of3caedidlPAMR®Pagpase RIP3K demonstrat

activatlkres dmamt osi pragdammedopebbi death pat hwe
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and subseduentecaPARRL, twleialteneMaec ef fecti vely r e
(FigureTd®53gssess the functional i mpact on cell
assays. Consistent with our western blot dat e
necroptotic signaling si g®8R&iOc anétHIyg uk-B)s c2uée d
suggesting that SRC depletion induces <cell de
The functional necessi by -exiprERG iwgs tfhwer talca
SRBEO CRds G3 MB cell abradapgeteedst beapg nptoacttiionan
necroptotic markers whil e( Feifgfuer8)T Bvded ey rreessc we | |
underscore that the activation of these progr ;
SRC depletion, identifying SRE@sastandr iG3i cvBl.
Overall, these data demonstrate-ReatG3SRIB i
cells by actively suppressing programmed cell
apoptomedi at eeB kay dClRIwREPsneecr opt osi s, driven by
activation of these dual mechani sms upon SRC
identifying SRC as a targetable vulnerability
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3.Bharmacol ogi cal bl ockade of SRC prometes dif
resistant G3 MB cell s

OQur findings establish SRC as a central or
in G3 MB. By dismantling the tumordés core mai
than just stop growth; it foroward dhffeéer &€nbim
programmed cel |l deat et Fhgsbaoalal amekss bd,@AMe s < e
of fers a compelling translational pat hway, es
agents.

To move these insights toward a clinical r

i nhi bitors with uniqgque phabomat oIsadrga caaattdi npirbo ffidr
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oncol ogy tr boastuneinnti.b Whaiplpet o e ady f & BaAlaecuakteimmiiab air
advanced <clinical tri §INCTO 659BathB%ri rf itbrreontsict |
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employed!SwWwe m@»a ent and high! yr scil eelty vies cloap®

mechani stic r o, ef rodteh 8RrCoormif gualdi mg ef fects of

A doespoerses ahe nnthke LRE3 MB-MBi0OBe sa,ndHBU_MBOO
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deri ved t he opti mal i nhibitory concentratio
| mmunobl otting validated that these concentra

in ®RRB -MBDOBel(Fs gure 29)

We next assessed the efficacy of tuhsesneg opt

both G3 MB -mahegnantd oaontrols (.huTmaen KRG riorchyitt
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CRT-Res G3 MB Cells
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G3 MB Cells Normal Human Brain Cells

[C1HD-MBO03 CRT-Res (n=3) EHA (n=3)
I SU_MB002 CRT-Res (n=3) Il hNSCs (n=3)
[ MB3W1 CRT-Res (n=3)
2
° b 2 7 b 8
= ~ 2 ] o 8 °
- S+ N o . N
c I o [} o o =]
3 & S a4
o 100- ..‘._ll OIOOSI .g....l g- .
X S =
S b= - by
2 ¢ 4 2 g
= o S 5
g 50 == y o
>
]
(&) (0 vl
Saracatinib (10 yM) Bosutinib (5 yM) SU6656 (5 uM)
Fi g80el ecgyttioteo x i cinthy baft oSRECsiingaCapite r i ng Human Astrocytes
Cel Il viabiusiitnyg nPeraessuReeBd 8 MB-MBRBI s SUHMBO0OO0O2, and MB3WI1)
human brain cells (human astsaroxyateisnbobs d(tthonin@m)(,8SOM) ,t oe
(5 OM). Fluorescent PrestoBrleatesdganakrt Balbspferndmdntal %r
pl ottedNsas.meamsi ntgaittngdti red t wo

Consistent wWSREBOrms,epbls mhbcomogi cal i nhi bit
Saracati-Red -MBOO3CRTel | s |l eads to both apoptotic
evidenced by t he3 calnedalyPiAgRdPoofy owas madsde accumul
shown by weshdrnonablaog the activat{({&ngafdebot h
addition tS&®&Ccehhi deatbn also alters the mol ec
and differenti-Read omel ITy evataiwmgSeacpraNE@&tte@aand bNOTCH1
which are criticaRfiug €ghed aart wihrisl eo,f tshermen evsass an

in the expreasneowmr @orall UBIBfF ieig eént3i at i on mar ker

79



CRT-Res G3MB Celis

HD-MBO03
S 371 P=0.0015
Mw - 4 Saracatinib (10uM) S
[1+]
(kDa) 8
05
63 — T 2=
8 -— p-SRC g &
® t¥e]
£ Q>
= i T
= . - ] -
5 Total Protein o
: w £
o 2
'S Total SRC g
3 o2 & o= N
'.E - + Saracatinib (10 yM)
O o] d -3
E‘:’ Total Protein eaved caspase
7]
§ 2°7 P <0.0001
Pro-caspase-3 '§ —
= 1.5=
Q =
25
E 3 1.0 =
22
Cleaved caspase-3 32 %
L £ 05=—
2
9 Total Protein S 0o I
§ -+ Saracatinib (10 yM)
| 100_l ™ # | Full Length PARP1 Cleaved PARP1
c 2.0= P=0.0017
Cleaved PARP1 2 —
3
= 1.5=-
SE
| Total Protein £ s
<O 1.0
Sz
T =
-
o N E 0.5
3 48 _| ** W= | RIP3K =
<
S 8 00—y
o ..
o | Total Protein + Saracatinib (10 yM)
RIP3K

Fig8d®aracatinib induces apofRtesdisd ammrtd GBe dwBo pcted diss i n C
I mmunobiS®RIC ¢diYy4419), -deospPBds € R@svidsoSf ul | l ength PARP1, cl ¢
RI P3K 4iRmsGMHEDN 3 and SclUe|MBsO Ot2saeraatceadt iwiitbh ( 10 OM) . Graphs r
guanti fi cat inonr mael ai szuerde moeft8t,c | ®laevaevle &c aBHRsle, and RIP3K to
|l evelm= f3r cenk peri ment al replicates,-tpittednted as mean K

80



CRT-Res G3MB Cells
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CRT-Res G3 MB Cells
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