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Abstract

Tuberous sclerosis complex (TSC) isiderare ¢
growth of benign |l esions. TSC pat-asesbsiaftedn
neuropsychiatric disorders (TANDg) ciadncl udi ng
intervention for TSC involves the use of mTC
chronic inflammation is a featuredefi VT&C. I n
brain tumours are also implicatédmihetiheeden
i nfl ammati on i nderhievecdo nbtreaxitn otfumoSuCr s and TAN]|
explore this are | imited. Furthermore, mTORC
tumour cl earance and r educitnhgi st hper osjeevcetr iaiymso
i nvestigate i rndfelramneadt ibamiinn tTuSur s and i dent
this. Inflammatory signallimng wmeodeadrsi omhs TWer
and compared-deoi V84 patdraingtuamil® Cleaftaacs An t

i PSC model was devel opedSGcGReHlHiich emas neeued |t @ ¢
infl ammatory pathway analysis. Results showe

dysreglullSaaReii chent eBl Wasmoddést-i NFedmmat any a

drug target in TSC. mTORC1 inhibition was fo
NFeB signalling. The activation of TBKI1 was a
mec hamhatm dri ves i niffS@Gmnmateonn heud&8&Cs al so s
dysregul ated neurodevel opment, coinciding wi
NFeB and STAT3 pat hways .-lbpashWwgy twatbeti nheafr
arthritis drug, diaceraegi mm,edwads nsgh da wrf | taoanmaed oe
TSC. Diacerein also r dé@eRefdi ammTORIClnawkcrtonvat i @
study showBdandadt NFr i nf |l ammatory pathways

may contribute to thel SdCe Welsemmenitp adfh oTANDs aa
targeted with &Bugisgralalti ngq.hi bit NF
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SC and the mTOR compl exes
TSucbleerroaussi s Comp |l ex

ous sclerosis complex was first describ

fibromas. However, a description of the
i ccadi neud etrbrsee name ATuber ous®SIME@F oBs T 8 0,
evill ¢1) Ast seech880se condition has some
evill ebs disease. Research on the disea

i's now known to manifest(atT8€Codadsl1lno

~—+

any particular r(a3ced)dArd onngxs i alte dBiofufr ere s
Pringle is also one of the earlier des
en sever al patients sharing similar tra
nNs as adéhdmasuelhacdymt he early 1900s,
cal manifestations of TSC were identifi
nical triad of intellectual disability,
fi(bhDlbbenaki nal name of ATuberous Sclerosi
n E. Mool ten i n-orQPdah, nhitquhrleizpiMoibrhge etdh e
| abell ed the fcasmicem®uassthhamartsomas (non

édtkeatar 9P the mutated proteins responsi
uberi n,TSCeTSdGG2d nbyg, t he&,p%)ctt iwaed ypostul a
proteins functioned as tumour suppress
a compl ex t eacftuinvcattiionng apsr oat eGTnP a(sGAP) . H
in, prevent)ilmg tduegr,adahtei oirSC1/ TSC2 pr ot e

s a GAP towards Ras homotporgoteenrni,c htehdu si n
ivating it. W thout the inhibitory acti
Il ve regusatorTafgemechdfa Rapamycin Compl e
fore, |l oss of either TSC proteins means
iated with the |lysosome, where two mol e
ing a damfger mat mdIORI], ¢ eadi(ngl)Thi !mTOREd <

excessive cell growth and subsequent

o o0

teristic of TSC. TSC has been i denti fi
n patients aT@8OhHeSICR2rmzg ghust horTlethlkee

1



abnormality and tumour growth wvhiitthimutTaS G oder
described in -bhbhe Kypdx)hhegestmvo ne mut ati on fi
ei tThSe®IT SC&nd tumour formationhifobdl loawsem is0 ma
HowevershideamundaTBSmiflsS@2enebheare not al ways r ¢

tumour growth in TSC, as discussed in | ater

An interesting characteristic of TSC is that
heterogeneous. Mut at i olnSs@1d & @y2eoncecsu, ™ SMhRetrhei n e i
mutations are more common and mani T&62 mor e
deficient patients, there is heterogeneity,
sympt(ams 1LOf over 2000 known plaStCGalolgSS@2eoesar i a
697 2% of thelsSe@ahéevEWHTesS2ANL5)i nvol ving a r an

mut ation types on néae6é)ly all exons of the ge

Tireless effort and resear-dapbh U6C€ehavandbw
genetic basis of the disease as well as eluc

the TSC disease and current treat ments wil |l

A | oss of funcdieomanmuoantiant iIBBOLOESIQ2eringRrs mor e
rarely can be passed from the parent. This r
TS@OITSC2During early development-handmesubsieqgn
occur on the remaining functional gene, conf
i MS@ITSA@2eficient cells. A Il oss of one protei
since each proteinrmr iod hreequwiirteéd nt a sSrtSaCHi/ ITiISL
third protein(kaphunnatsi aBa&LILIDyy, t hi s heterotr
i nhi bit mTORC1 activity by-broaundar tfiomgn. RHNBEB atbd
RHEB GAP domain of the TSC tumour suppressor
typically fun8C€C@n&)sUntdoe rs tisabhiimaillsaet @d condi ti o
and TSC2 form a complex to exert their inhib
stimulation through a receptor tyrosine kina
the TSC compled. i Shiwactcwrs typically throu
si ghaqul ated Kinase (ERK) pathways, but al so
(TNF) pa®hwaywyr exampl e, AKT can phosphoryl at
|l eading to sequestering of the protein away
acti aej »d)



This aberrant mTORC1 activity |l eads to syste

in the body, most notably the skin, central
kidnew$As expected, these tumours cause comp
| eading to complications such as renal disea
newborns), and disrupted | ung functiwbnon (part

al so develop |ymphangb)Hdwenwerma ttohse sl g aLdAiM) g

within TSC, excluding LAM, is tumours of the
cortical tubers, subependymal nodul es (SEN),
( SEGA) . I't i s natmumesaéenyge acfsutmeaes ¢ hlagsitdires pi s
neur ol ogical symptoms of TSC, including aut.i

di sab2é)™wSegLl ated brain tumours arise early in
with infantile spasms arising at a mean age
a rate of over 80% i n FShA rpdast iioeemtisS Cplprafsoert
with r efpridcetpsryy A higher prevalence of sei zu
h more s(ewgr e TANDs

at

wi t
LAM i s a -oncoctuarbrleentcocondi ti on4d9 % rcefs efnd manlge i mat
although it can al s o nodcecpuern dseprpig )ahua ecnael olnyd iitni oal
characterised predominantl y iky tched lisnftiol ttrhaet
| eading to neoplastic growth and the destruc
structures. As age increaatisent healbscugnmreatle
up tq281%hil e the basic understanding of LAM
decades, the rate of mortality (30)T®E@ mpat igem
of thef dmumomng LAM cells is still not wunderst
bet ween male and female patients. However, L
(oestrogen and progest er onheo)r nroenceesp tpolrasy, ah isniti
role in the pathd»Toigy iod fLWAM her supported b
symptoms increase during menopause, the mens

of the cont33aceptive pill

The first | ine of treatment for TSC (and LAN
which i s prescribed upon diagnosis with eith
epi l(e3p9Rapamycin is a natur@3g)Asdesmicvhed riamphair
specifically targets the dysregul ated pathwa

symptoms in the disease by shrinking tumours

3



(although notably, seizures are not controll
(36, 3Furthermore, rapamycin tends to only sh
them comdpld)eDtueel yt o t he cytostatic ndeuwvi®edf r

tumours will regrow upon discontinuation of
pat hway as wel | as rapamycin and its anal ogu
rapal ogse)scwiilbledoei nd | ater sections. Aside fr«

can be treat-kPaseh Basiysmptddengabre rmadi aat aon |
to be effective in the treatment of sgizures

means of seizure control fo(3.8nfantile spasn

Seizures associated with TSC are just one of
present with TANDs which include psychosoci a
behaviour al ( ;18 A4fgRstt attiioms result I n worse n
mani f est d@Siduntsa tthaaBANDs represent the greate
TSC patients, and while TANDs are experience
20% of patients received appropriate treat me
devel oped in 2t0dd thatdicfolnsroedntd terms used t
providing a basis for tracking and evaluatio
caregqi3®er s

Whil e the discovery of the genetic basis of
treatment of the disease, predominantly with
effective treatment strategy, nufchTIG&. stil]l

1.1.2 AdditionatedSCabedmp®OREWNays

As discussed in the previous section, the pa
dysregul ation of ittkesmMi@OBRCLlopat hw8¢1 or TSC2
functional TSC complex, meaning that hyperac

and inhibits autophagy.

Whil e mTORC1 is I|ikely a key signalling path
increasingly show that other signalling path
TSC2/ mTORC1 acts as a signalling nexus to va

contributes to the diverse patient phenotype
offTSMITSA2unction may guide these phenotypes.
dysregul ation is propagated t hcloagh emTGRAL h

4



functions of the TSC proteins. Furthermore,
is explicitly required for many of the sympt
|l ack of context, TSC research peutoctitauvgkly
the treatment of TSC. For exdefpil e, emt 20Q0r st
exhibit a | ower degree of <ciliation which wa
t he heat shock pathway,r espteccrief icciallilay wistpmion
deficient cell sshdadlghrleaghdn ng dasheadhzbiratggabl e

Furthermore, TSC deficiency is known to infl
Transducer and Activator of Transcription (S
influenced by mTOR. Typically, the STADnpath

of cytokines such as interleukins. As both t
i mmune responses and cellular growth/ prolife
may exhibit signalling crosstitabdok. TS@2cprfotal

|l ead to an increase in STAT3 phospho+yIl5ati on
and s7e2r7i pehos pho(rdy3l, dapuon hermes e, tot al STAT3
upregul ated by mTORC1 hyperact-727tyit &hot eST
can be directly phosphorylated by mTORC1 (as
phosphoryl ati ogi70066 DIYATWBT @QRCL yi(t.5nNdtudineerisaHx
shown that STAT3 and mTORC1 are inltirmeately
dependent. -$tensaitbBpampone cancer cell Il i ne,
Y70SBTAT3 phosphoryl at2d.n lbuta emdsp amyveienc ieihrés |
oppositd€4awpBunttruer more, the knockdown of STA
rapamycin insensitivity, suggesting that mTO
in maintaining cell viability. I f this were

thesecwttoc nature of rapamycin may be deri vec

mTORC1 activity has also been showhgh®Bi have
enhancer of acdBi)v ptaeadh wBiycelwli s h( KRpamycin tre
activation in (p7903yptecBtagrceN&cedbhsin TSC i s
poorly understood. One study found tdaBat si RN
acti(vwBliyncreasing theB Khoaplhabt ¢t K&EIBe sNibam i lt

Rel A. Thi s -8Bn arcd d sva tiyn waks | i kely propagated
However, the study noted-aBhactithetgfivast abfo
dependent on the state -eBf aAcKT vaacttiiovni tiyn TnEe& n
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be variable across cell types. Most notably,
deficiency and subsequent AKT hyperactivatio
i ncr eask dmnt iNRetni PAT.EN was noffSIC@st1 oiss thius en
reduct i-aBn aicnh i MFAtnyo tihnesrt esatduudy al so B enti fied
activity was medi ated by (MRYwhypefacthentr es
identifying an interesting | ink b-eB wenedn mTOR
STAT3 acti idbtGiRemi ovii ¢ Mt gi4d@NNOo & SiEWtlast i on r esul
i n a decoB aascet iofi tyvdepan @ @ORChodul ati on of t |
domain B s hleuNFRelpAoslpmlmi biting mTORC1 reve
NFeB activity and B ulsypme rsaudtsievgastealdcora INFT T &S C

are further complicatebd olmy dt pdoisppdmotriyf iac &t ITE
in suppression of the TSC tumour suppressor
(21)Aside from these studiessB mased SE€hiaenl dim

and warrants further investigation.

Heterogeneity within the symptoms experience
alternative or unknown functions of TSC prot
di fference in the severity of difsSeCalse exper.i
compared to thoFT8&8CHMherfeSMiuttaattiioonns iisn mor e Cc 0 m
typically presents W3.4)if hmorcd ase\v erad wmpp tacnmad
pat hol ogy may Tsu(glg p s eissk hraehq usiirnecde pri mari |y f
TSC2 protein stability and activity, a | oss
phenotype, but this is not the case. The het
additionally be oedri eneaf fbegyc twehd ,c hb wtr gaalns o by
exampl eI, SQishi it gpi cally inactivated through fr
t herefore tehreatneust aa itoont aglelMySCrkmtaat i o@as edr @r oy
fragei ft, misseintse, m@ntlisprisceurrently uncl e
di fferent mutations may confer the broad ran

patients.

The role of |l oss of heterozygosity as a conf
been overstated. While the | oss of heterozyg
of the | arger, mor e-deb v veds bk ens ngot hiusdroweust Bh, anv eT

identi fi ed |Itehatc nmBCcht a6&2alk oo capable of 1|1 nc

abnormal ities.



A study edtydamMaait i ed ihnokwe dTr SbOr ai n | esi ons tend t

degree of biallelic inactivation (wWhgn compa
Specifically, I ess than 35% of cortical tube
the presence of brain |l esions correlates wit

suggests-athati mohonactivati epmeing o9d@f ftihei earurf
mani festattbe@phldowdv dSC mouse studies suggest

of TSC are not dependent ( 53) Rahteh eprr,e sTeAnNcDes onfa \
mani fest from microstructur al changes in the

compl exity, or(5ads)trocytic changes

Anot her study-aflbehidctm8@a thidhams at human 1 nduce
stem cel |l (i PSC) model were sufficient to pr
within Purkinje cells, including modificatio
oxidative str(ess9Al andscdéel tdeat hmTORC1 actiyv
TS€2heuronal cells, with mTORC1 inhibition s
dysregul ated neuronal phenotype. Interesting
TS€Pcell s anpdewohldy seem to occur slightly I
demonstrating the i mportance of the stage of
MTORC1 hyper acTtsichmit cenaws o hdemonstrated vari
showing the i mportance of <c@e83.4)Itty fheasi b eteme kn
since relatively early in TSC research that
for tumour growth and KE&&)n Wabher maki exesi wi
highlighting a specific alternative pathway
in, these studies do highlight that the neur
entirely on | oss ofy het dP®@bygaugigeytdiwigth hats
derived brain tumours exhibitEexdo)Ai dlalt elri, c birm
study identified that biall eltiki rmbtaft i oor twiacs
(5.1)

Anot her study identified that heterozygosity
retinogenicul atTe c'¥miog ee, c tliiokn&ISWlictmuiasrpe thy t he
unction ofpread/udirmog ol temam (E@hat) @ IcTelpiteomrvea s
urther N al iddaitfaioendh i bcyh d & sno*nseturr atnead  tched tl s e x
|l ess sensitivity to EphA dset2aptit oi nsugmhall emndg

f
f

EphA mediated cytoskel et al rearrangements, a
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l nterestinglyegiS&€2emayantsdmd pbeen dhowntt g
t he promot e(f6.D)T heeprierf dbdug2n oimos £ sofhei ght ened |
epiregulin in TSC cpedtli epnrtosl iwheircaht i pornomot es

Overall, TSC2 is involved in more pathways t
MmTORC1. The broad range of symptom severity

indicative of this and could be dependent on
i ntaicv atTiSoC2 o f

1.1.3 The mTOR compl exes

Both mTORC1 and mTORC2 possess the mTOR cat a
of t he PhosKpihnoa sneors@Pld3de)d 3ki nase family. Desp

activation and cell signalling foouwtucscense sonar e
mTORC1 signalling, and as such, it is far ©be
relatively clear; the TSC tumour suppressor

on RHEB) govern mTORC1, but not mTORC2 actiyv
1.1.3.1 mTORC1

The outcomes of mMTORC1 signalling have been
this was mainly deIsScQnz2i B & #lo sisn. tAh enoa en tdeeX tai d fe
MTORC1 and mTORC1 signalling outcomes will b

MTORC1 and mTORC2 both possess mTOR, DEP dom
protein (DEPTOR) and mammali an Lethal with S
cel | signalling outcomes, mTORC1 and mTORC2

responsi vaemmyecsisn ;t omTr@RPC1l i s rapamycin sensiti:

| ohgrm rapamycin tre@@2nent to reduce activit

MTORC1 is composed of mMTOR, MASSDE&,) aDEETPOR ot &
MmTOR ( RAPTOR). While mTOR is the catalytic c

components are necessa6.y) mMmToOR lr ospuebrs tkri antaesse pa

signalling motif that is recognised by RAPTC
complex to proméMeé¢mkbh@8siesabei vevgd to assoc
stabil i se t hbei nadcitni gv ed osnuali 815 noafo emTe® Rl oyh ARl to !l |
Substrate of 40 kDa (PRAS40) is believed to

activity, and associates with mT@QR6) via RAP



DEPTOR is also a negatirymTORGLI Btoct odnsMmTORC
growth factors, amino aaiodvd ,h sndneaddr .| eMhe
outcome of activation of the mTORC1 pat hway
met abolism, inhibitnomea$eaiun@O@ms)algyl amndgr awt

Since mMTORC1 possesses s(esr9i)médORRdeant neakina
the phosphor ydoawnisotnr eoafm vraergiuoluast or s t hat ul ti
effects of mMTORC1 pathway activation. Two of
Protein S6l KiStaKsleB ibacdtdan 4 EPiB®tL&i n Pt ot 4En synt
initiated ¥plkat heBhPplb bbsyp BnoTrBRC1 suppresses mMRNA
transl ation by binding to eukaryothNga dBr arisl| a
MRNA awaitingpbsanasbasi dnphodph¢v.¢)Faotuironofsi t
these are regarded as key for activity, with
protein for further phtdagpPhosphat-BPhtlabadefitad
the dissoBPatfioomote!| EEE, all owing the recrui
40s subunit to progy( 68)xsAnmnotthhe rp rnoTt R 1l tsruabnsstlra
S6K1 is a serine/threonine kinase, and upon
vari ety odr dmatnisd @g7t3)rochtiesi nsncl udes the riboso
on the Ser235/ Ser236 sites. Phosphoryl ation
mTORC1 activity, is relatively poorly unders
ri bosomal subunibn FrpS6bephespdotypyl anhance th
wi t hr IA&JJh pr oxi mal untrans!| a8 eadn d eTgN/EBAISBGE J u e n
can also phosphorylate el F4B to promote the
transl ation of mMRNA secondary struct@utde)s t ha
To further enhance protein translation, mTOR
di scovere®epaobedi Prbaein 1 (LARP1), causing
the transl ati on75i)Di ssatianhi oampfekARP1 all ow
el FA4F, and this promotes thNgetmansal abiogopi¥r
sequeng)eThese sequences are typically associ
proteins, meaning that LARP1 inhibition by n

assembly cellular machinery.

MTORC1 al so promotes nucleic acid synthesis
RNA pol ymer ases. 't has been -phloywmk it adkak, marOR
11 (Pol 1, Pol 2, and Pol 3, respectsvely). mT

9



responsi b-hetifovoati(trg)ohi Powdul-depeaoathene Pobidu
of rDNA, Il eading to ribosomal bi ogenesi s. St
believed to associate with the |l ysosome, mTC
cellul ar compar tucd etuss) Wh inlce uali Ingcdrmpgoment s o
found within the nucl eus, it i s generally be
MTORC1 comp)laenxd i nstead, nuclear mTOR may be

poorly characterised nuclear mTOR activity.

plays a role in transcrip¢t7.®)nNaulc lreeagrulnaltGRo nmaw
a role in Pol2 activity -rieng utlha tse dw(@t8.0 adis tcdrni hpatn
the nucleus, mTOR has also been shown to bin
in a ragamydiive manner, suggesting that mTOF

pol ymerasd RNA-Ipjolégmaradetranscription by a
mechag8snhis may occur by phosphoryl ating ot
transcriptional machinery of the -R&NPpepoéygmer
upregul ation RNA polymerase activity would a
cellulhar growt

MTORC1 can also modul ate the activity of wvar
foll owing thesis is the phosphor ydepdmde mtf S
phosphoryl &StTIAd8 bf k8Fg27contri butTAT 3t o wohd&i o
i n tandem wi t ha stshoec iiantfel aynTn@abt oprhyo s p hh2)rTyhleat i on
review by GBBEBerctively outlines a broad r at
are regulated by MmMNRFEAL, SITATByYdiamnde MBIFAe miT OR
regul ation of these transcription factors di
angiogemdil $ smmetand celrmT @ROWwtad tpirwil ti ff ealagd ¢
infl ammatory processes. MTORC1 inhibition ha
and re8uaelblé&ttel s, highlighting the i mportan
infl@aoma s §#a@Asl isnugch, rapamycin is a potent
i nhi bi tstciymwlkatned di fferentiation(86d8@&)ctiva

1.1.3.2 mTORC2

As previously described, MTORC2 shares the n
functionally distinct from mTORC1. As in mTO
MTORC2 functi on, MTOR i s ( 8)ea ncde nki & PaTl O R aft uanl cy

10



an endogen@&as) MmMTNChRO2i tiosr al so composed of Rap:
Companion of mTOR ( RI @TcQR)v,atneam+panloi¢ aem ag tikm apsass
protein 1 (mSI N1), and pr ol)e8.8n) RO ICTORY é di nwit t
a scaffolding protein and promotes mTORC2 fu

the insensitivity of mTORC2 to rapamycin; ra
interaction of RAPTOR t-9um3OwRaii(nge erveIinNl ng mT
stabilises RICTOR, and together are essentia

(90,9The funcliionr pdomrPlrptwmder st ood and not |
MTORC2 activity. However, it is be(92)ved to

The functional rol-ehafamlfTORIC2edst hasst wat | of
typically |l ocalised to the ribosome, and mTC
factors and is act/i AKTI98)dOdewnslteetaimabof mMPOREK?2
within the AKT pathway, wherein mTORC2 can p
the activa94)omT RC2AKcTan stabilise the struct
AKT by phosphoryl ating an addi t(o9oeahmTORC23ti nc
al so phosphorylates SGK1 and PKC, with the u

actin cytoskeletal reorganisation, cell mi gr
met abp%6)sAs mTORC2 is capable of altering cel
could be implica(t9%/7d in various cancers

MmTORC2 is typically regarded as rapamycin in
directly regulated by rapamycin. However, pr
MmMTORC2 activity. This process is not entirel
cell s can be tag@g&)tlead ivwi tbhe lriaepvaendy ctihmat r ap am)
MTORC2 compl €&2)adbsuste mbhliys i s dependent on a hi
(FKBP12) e«x®)yession
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Growth Factors, Amino Acids,

Energy Levels Growth Factors

TSC2 P PI3K

1@
-

@ — heb acr P

DEPTOR
mTORC1 mTORC2
FKBP12

RICTOR) |, ¢;y
mSIN1

AN

P P (akT) P (sok1) P (PKCx) P
)

elF4E RpS6 ) P

I

i

Nuclear Protein translation, nucleic Cytoskeleton reorganisation,
transcriptional acid synthesis, autophagy migration, protein synthesis/
activity inhibition, inflammatory/ metabolism, cell growth/
immune processes, cell growth/ proliferation
proliferation
FigurBi dgrnam of mTORC1 and mTORC2 signalling. mT
growth factors, amino acids, and energy |l evels.

the GTPase activating domain of TSC2. Pat hway ac
di ssociation of TSC2. Growth factor stimulation
The mMTORC1 complex is composed of mTOR, mL STS8, a
endogenous inhibitor of mTORC1. MTORCS2 is compo
ProtorBoth mTORC1 and mTORC2 share DEPTOR as an
inhtb mMTORC1 via association with FKBP12. mTORCI1

cel l signalling outcomes. Il lustration produced
1.1.4 Current drug treatments of TSC

Whil e earlier treatments may be beneficial i
mani fe¢gdaxlidGQsis typically treated symptomat
range of | icensee harumas od ro-gdwmpg € @y. thoMa@arn me nt
taken too, including a ketogenic dietn(which
MTORC1 acltQioyaintdy vagus KNeov)e stimulati on

12



1.1.4.1 Rapamycin (Sirolimus) and rapal ogues

I n 1964, in an attempt to identify new antinmn
soil samples from Rapa Muirepdlosny cleswaisy da o skEa
di scovered within this soil and found to be
This macrolide molecule namedqla)ller 190® ,i sl a
rapamycin, renamed as Sirolimus, was approve
application 021083). Foll owing the i1identific
Everolimus, a rapamycin analogue ead tfhorant lade t
treat meratssofci RS €@ d (IEBASiirnol210mMu0s and Everolim
demonstrated to have | imited app(10c3gLiOkhjet y f
benefit of rapamycin in LAM was also invest.:
in the treatamesmtc i @ft(eltdhsaH Bl®Rl@oswei ng a cl i ni cal

al so approved for thECTO0R4BME60) of RapdMmyaai 20
effective at redeacingdt hetiae)pedAPES ESBei ng on

primary methods of treatment for TSC, Everol
Rapamycin is relatively safe but known to pr
l i kel i hood 106dfuei ntfoe citmnounn 0o s u pPperrehsaspi SV eu npsruor pperri t si
Everoli mus has proved ineffective at i mprovi
over 6 orl103, mamtodsgoing study is attempting
Everoli mus on neurocoij@6TO1l1ve0Redptaichomraynacgpadl

occurs in roughly 45% of TSC patients, and E
around hal f( 101f0 )Qfh ecsoeu rcsaes,e sEver ol i mus i s high
demonstrates that mTORC1 inhibition alone ca
di sorders in TSC. This is especially prudent
of mornhaUBLCywhil st al so breeisn ¢slthéggdh Ityi otnrad dtyme
despite the apparent benefits of rapamycin a

di scontinuation of treatment, highlig)hting t
Further anal ogues of rapamycin, dubbed 6rapa
clinical use i n [(TSTC4)dodevarjobgeecahicmus i s t

drug for the managdmaeb)jSeghbm&BEGAI and mMAKRR i nhi
which bind directly to the mTORlIEda tcaoluy tdi d es i
argued thatebnhhasé&€thayccyoampka rTeSAC t o conventi on.
as mMTORC2 activity maylbRg cdemnnlrye,gua attoepdi cianl T
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Sirolimus demonstrated applicaplil7z)ty for wuse

(

e

r

NCT02635789) .
n terms of biological activity, Everol i mus
xpenfdae8edghe difference in biological activit

n reducing MTORC2 qilga@lolwiewvgrhy sbwmer dli if hes e

i ological activity may also be attributed t
n bioavailabilit({tyl®a)RdpphgcmacakdnE&viecsl i mus
nitially binding to FKBP1l2. FRKaBoRaln®y cti hne nB i bnidni
FKB) domai n. | -Rapamyciom wift lFrKBP4d2FKB domai
i ssociation of RAPTORyit®&@a)s inhibiting mTOR
.1.4.2 Vigabatrin

nfantile spasms typically occur as a precur

ecommended for the treaftins n3t¥) gfa biat fra mt if luen c4

mi mi cking the inhibi tAmiyn obewtryortirca nfscmid t(eGA BZa

t
[
e

a

his, Vigabatrin competes with the GABA brea
n increased | evels I200G¥BRabat tihe isynmaetiab
pilepsy in all TSC patients, with one study
nd a | ack of efficacy |l eadingledb)Addeai meaat |

Vigabatrin demonstrates retinal toxicity, |I|e

o o 292 o

~—

(0]

t
di
S
S

rolonged treatment periods. This means t hat
uring trz2an0meat side effects of Vigabatrin
rowsiness, confusion, and diarrhoea. Vigaba
s-31%nidn 165 nf(@ain2t39m hcenrid fdareen, whi |l e Vi gabat
i cacy 1 n t heasnsaoncaigaetnmeedn ts eoifz ulrSeCs, si de ef f

-+ O
-+ Cc
—

nsidered. Patients wil/l often discontinue

e develrapmentooWi gabatrin, ¢&24)8i mgl ahe

o O O
—

h
tumour regrowth after cessation of mTORC1
ontinuat(ban5)Dbéspi gabathesr setbacks, Viga

(7))
(@]

eizures in many cabese andatasemtcd lagreid¥ St e
pasms. Data are mixed on the need to contin
n scoansees, Vi gabatrin cand rbeee wietrhidorda wonf a6f trmeorn

ther data suggests that sei@u26)s can reoccu
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1.4.3 Surgery

t he caseooifatTr&éd brain tumours, surgery <ca
is typically relatively effective in the
entification and resectiramnof Onke a@p@il lysptso

izure freedom in patient-57 whthvewrepapmpeanlobgw

(127whil e another reporteddeatreadlyzad@tyWhenl teasn 51

su
i n
ra
al
Ho

rgery can be highly effective in achieving
vasive procedure, and it therefore could b
te makes-resmogder Ywopd iloas tienp styh e nt rTeSac. meMhatn yo fp
so unable to undergo surgery due to deeply

wever, new surgerygutidecidnil aees d4bheh apy NMRIly

effective means 06129.h1ex0ddpy in the future
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e
e
a
(0]
a
n
e
e

c
S i

me

Wh
dr
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1.4. 4 Cannabidi ol

e mechanism of cannabidiol -(€BDammateey zur
operties of CBD are, in gener adeniotoirveg un
ceptor which typically increases neurotran
umaostnri e 4830)The broadest understanding of CB
n reduce neuronal excitability by antagoni
wering calcium and adenosi ne( 18Rt dEB)D t@hso
s -iannftliammat @xy dand vantpiroperties, alle to r
d othe(l184y)Tokiameir effects of CBD have had
c e(nt3lI5yCBD i nduces damaging oxidative stres:
L36)CBD increases oxidative stress in brea

gndgnBvYX®8D has shown benefits in the treatn

|l anoma, glioblastoma, and (©I3>8&,slt3,9)pr ostat e
en CBD is employed in combination with rap
ug i nteractions between the two in TSC, de

escribing both medications for Ta%sE& patei ent
erall concentration of Everolimus within t
re (tladkbethhi s was demonstrated to be more si
erein CBD increased the blood trough conce
ngero(gs41)Bgebsse of this, MTOR i nhibitor t
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i nterac
cytochr
preval e
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tol er at
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As out |
current

concl ud

epil eps
typical
these t
and the
i nvest.

ngly when taken in combination with C
her medications in the treatment of s
cl obazam was el evated li4r )Amadttiheermrt s twh
d increases i n serum-deesvwneltd ydfc |l todmizraa
antiepileptic drugsjlah)lenh mdmpassible
tions occur due to competition betwee
ome P450 pat hway. Overall, CBD has pr
ncer osi sre@tameéd)tEoarleswi ng a clinical

NCTI0OR®Ud763) wherein CBD was shown toc
ed, CBD has been approvieddZ)f or the tre

Future Therapies

I ned i n tBhaes tr eavnide wS tbryz eS cchzuybke r(t2021) , .
l'y being explored (f48)A hpehage altinlenttr io
ed fNCTO8BFR2OBBme ncstrating applicabil

y in TSC. The 2021 review outlines mu
l'y researchedadoirng sagrediitni ondh ebutses
reat meatssconl|l dSG6aveEhesme include the
serotonergic drug, Fenfl uramine. A n
gated forythe tneaiNGg§OIRSOB5S5E8CIL €ps

1.1.5 mTOR in Brain Tumours

MTOR acts as the central catalytic component

mTORC1
activit
transdu

bi ogene

As such
mTOR t o

and mTORC2, and posses@EEs9,silemnmdiRed1Lt hr e
y i s induced by cellular energy, o0oXxyg
ces these signals into cellular growt
sis, protein synthEeksils,,152nd the inhib

a central component of <cellular gr ow

guide its growth, with mutations 1in

on mMTORC1 to guiLs®)Aenaeodenmneass, TSC demonstr

i mpact
mTORC1

of TSC1/ TSC2 mutations on tumour fornm

dysregul ation may play in cancer prog
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Losd Sdaf2zs i mplicated in various brain tumours
heterozydd®a s yf odnd in 1/16 astrocytomas, 3/
gangliogliomas, 0/ 7 oligodendrogliomas (0OG),
(154)Whil e mTOR activity can drive the develo
tumon$@2s rarely the causative mutation. Rege
role of mTORC1 activity within malignant bra
bet ween «canbDceesrpiatngdr @alfSiid5&@®uotfat i ons 1 n malignan
tumomL$@Rut ati ons (or otherwise | owered expr es
various other cancceceanderp,esor alncs quuda emogd sbrreceabslt
cel | cdnébnGaméc)er pati entBSwWl,t TMIORAREteimon 0 of

show greater resppophSé)rates to rapal ogues
1.1.5.1 Glioma and Glioblastoma Multifor me

Whil e playing an i mportant role in nor mal br
MTORC1 activation has a correspondence with
mul tiple facets(bs57)6hnhoeanspaogrbsaiaontumour s
cells that can progress to GBM Wwhisg)ihnheasnh amon
survival rate of GBM is bel ow 5%. Further mor

increase over the p@sst9)eRM wWswcaldleys arfi ges efarr

gl i oma. It is generally believed that they a
towards mutations i n neurcadmneiptittende | piraelc ucresldrs
which then becomeg t(d®0rnN@RM | ;aftteedn alsaweo a hi gh

MTORC161)esultingli higeeaueopbhagy activati ng
i nhi bition and pBdPtldiea)Ntort arbdlyat iiommi biididbB of
scenari o does not always produce the desired
l ead to resi-isndanced t(aslbly pbaxatals bel i eved that
activation of autophagy which sesvasved prot
conditions. Hi gh mTORC1/ mTORC2 @g@radei glyi dma,
including pil or&4)ic astrocyt oma

MmTORC1 activity in GBM is often conferred th
AKT activity and consequénjThe hieglel mTORCZS 6&d
phosphorylation are clinically c(olr6r58T haetreed iws
al so a correlation betweearhdkihanNec!| edr aEact
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cell-sB)(NaFcti vity, and( ltewn@wer girlagehidhh cGBals t €
demonstrate higher AKT, mTOR, and $6KHephosp
noinnvasive gliomas, -pemgnsesssiahgngatheedobems
(167, 1:md)ORC1 can al so beasaotciiwawdteald mwictr foign 1 tau
signals from gliobl astoma; nmTeORCI1i mafcitlitvriatyi a
reduces reactivity, ai(desdViitmitnumdurs icromu reet
activity preenddtad s dS TSAsdc3rfelta mmatodr yanfta-cebft s al
infiltration.2amTORCTI A NMTOGRG@I so shown to progr
Wnt pat hway, | eading t o -itrhwa irwenoftedt drmrsanasrcd
Epithelial to Mesenahlyimal Transition (EMT)

Similarly, mTORC2 acti vi(tiy 1)nmsl ORr2e chualsa tbeede nwiis

play a role in glioma formation, where heigh
compl ex component, RI CTOR, have been found.

MTORC2 activity, and conseiq@®BMNt)MORCZY hgeui &S
GBM towards aerobic glycolysis by increasing

activating hexokinas-4(250anhuphpsepmotf irmug t @ k\Wan
MTORC2 activity also has implications with <c
i nhi bitor (calledrPBPBR42pnsecBMitoedi chpkmodaa
(172)

Over alglenefriartsiton mTORC1 inhibitors were inef/H
|l argely due to | imited pharmacodynam503 and
Newer therapies with dual MTORO &3 hAd emayn hp oo
more effective by more @Pbn3ehhd yi mmiuhn ds up mrge A
propertigesneagfatfiiomstmTOR i nhibitors are a conc
However, newer dual kinase inhibitors such a
MTOR activity with reducedliafihleisei shudnesheg
highlight the prevalent rol e lotf ImsI ORE€CrRen aal IGB
accepted that sirolimus (and othercampald mgs e
the blood (BB8l75bwh7@dieerf i r mT OReneahabi bors sh
l i mited penetration of t he BBsBuc hsOecso3nKd9 4g)e n e r

appearpenetrate thel lr7a)in more effectively
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OG are a type of glioma brain tumour which w

oligodendrocpteduct hg muppontive cells of th

research indicates that OGs are mdrhenl i kely
di fferentiate-lt keotebfbdremtditdrcailbeamy el i nati on
(178, 1C9)mpared to GBM, OGs are far |l ess comm
t umo(ulr8 )OGs ar e al so fyegarl eswr Wiewdll yr, atwe t df ar
highad¢ 1®86G)Research of mTOR signalling withir
the relative infrequency of the condition, a
compared to other brain tumours. The role of

findangPlL BK/ AKT/ mTOR activity was necessary
xenograf@is82i)m Inmaiccke of PI 3K/ AKT/ mTOR activity
| mpl anted xenografts were also sensitive to
demonstrated that PI 3K/ AKT/ mTOR was able to

Ependymomas are a rare type of glioma which
ventricular system. Due to their often subep
flow of cerebrospinal fl (n1@3@C%kEhatulreadihmg et
derived SEGA, discussed | ater. While ependym
adults, children ageadarlQButroi Y4hLge¢alt dothwdByl a 4
found that a patient with a childhood ependy
(186) n this study, the patientds tumour was

MTORC1 inhibition also suppressed e(plervdy mo ma

MTORC1 inhibitors have been evaluated for th
recent c(N@oTCcalti®sh@Wwed that Everolimus for
appear to be effective in treating recurrent
chil dren. Notably, this study wasresarstiadtou

subtype ofa,epreemdyymogmt hat mTORC1 inhibition 1
|l ess aggressive subtypes. It has also been s
growth from mT(ORG®I)E micltapayt iion a common sympt
(190)demonstrating pamraldleelrarketowaem tt himd ulr o &
gangliogliomas do not wusually possess mutat.
pat hhway. A sequencing experiment dfSC4Q gangl
TSC2, AKT3, MIPRENRIXZKEAT BEhut ap i ®On) mTORC1
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activity is also present in neuroblastoma, w
shown via inhibition of t{RhRe€1AKT/ mTORC1 signa

1.1.5.2 Malignancy in TSC

't might be expected that due to a |l arge nun
woul d be an increased risk of the devel opmen
appear to be the case. I n termyvyebbpmemal of un

mal i gnant renal t-8 m&#uor29T hiss oind yn atr oduinfdf €r en't

renal camB€rpanhi ennhs, accor d(ilmMg )Des pCatnec etrh iRse
of malignancy in TSC have been observed. One
GBM i nyeatbd8 mal e TSC patient. However, it sh
appear to arise -denimvad(ylopmeive ©suasmel ScCase r ep
et. al2019) details how malignant brain tumou
patients, none of which presented with a SEGC

devel olpSm@ ndawit raAstancerous tumour devel opmen:

mal i gnant tumours are beliTPB88d to initiate f
1.2 Inflammation and the I mmune System in Br
1.2.1 Neuroinflammation and the i mmune syste
The inflammatory response is an essenti al me
including infection, trauma, toxins, or cel/l

necessary to reduce damage anrde gouelgatne hteoalsiwig

it se(lifosgHdwever, | oss of control over an acu
infl ammation. Chronic inflammation is implic
canc®e%6) nfl ammati on involves the activati on
recruitment and accumul ation of i mmune cell s
area.

The CNS is an immune privileged site. Typica

present within the rest of the body are not
review byt Mad @B )t he Bl ood Brain Barrier wa

observation that i mmune responses in the per
within the CNS. Overall, the blood brain bar
net work of ewmdodt helgihal joaenlclts ons | ining the ¢
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highly specifi(l98r)lame progdulcthainned sprotective
circulating blood from the highly regul ated

circulating i mmune cells gAY®) | i mited penetr
Typically, | eukocytes wil/l not cross the BBB
antigens. Certain inflammatory cytokines are
inflammation and i mmune re$pamskEyNk kihmens t he
al so damage the BBB, increasing their per mea
(200)Therefore, under conditions of injury, i

can be compromised tgpachbWwythesidf hgxcefl so
CNS.

Under nor mal conditions the microglia are th
than just fighting infection and mediating i
neur ons anrde vitcdheent CANe&SI | s to regmadueasyoapti
myelination, neuron survival(,20amMmdce ddiuftfl arnmerdt ii
review by Li (0Bmirce®wg(2@l) ay a variety of
neurodevel opment, and al so maintain homeost a

attenuate t heacatcitvievineyu rgonosd)vgiha ycont act

Mi croglia go through a range-safi maudtait eat inom s
infl ammatory conditions they are involved in
through the secretion of factors such as Br a
(204, 2Wh)en stimulated by injury, inflammati o
This is mainly characterised by an increase

secr et i-iomf l[lodmmatoory cyt okiobe g2 Napydocihné makmaes

often damaging to neural function, and i s as
Al zhei mer 6s and(Pag)kensondsl dmmaetasen is also
with e(p2ieelpsiyt i s believed that microglia pl :
of these conditions, hewaelé&pltiiMevuog| nal ammaan
and laesssiocn ated activated microglia are al so

of epilepsy in TSC, and21lar,e18)so activated b

1. 2.2 -3BheanNlF STAT3 signalling axes: disease ¢
The -aBBFand STAT3 signalling pathwayli makedr ega
neuroinfl ammati on. Both pathways play a pron
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surrounding gl §214,c2ellN)Ss & nkrnnchven CiNeSdi at or o f

epil epsy promoting and eRilledfpaslys os uppl paryess ssiinggn i
roles in the development of epilepsy, and ha

hyperexci t(aizigilLti v stl stoedel i eved to contribut

and enhance t he p(r2ddyAcst idanns coufs sgeldi dlatceel,| & hes

demonstrate significant crossdaBal K hwi timfodmenma
stimulating meaxralbwisims bé JFdmmari sed bel ow.
activation willcdort eaxmmafrilsled in the
1.2.20dnd NEBF

As a key modul atoUplody s nd | raenmav da otn, r dINE i n c
various infl ammhbtsormry!l ciaseasdg.oml Nfhe cel | me r
followed by trimerization and sulRd8yuNesnt bi n
highly pleiotropic and thus is a key player
including embryo devel opment, defence from p
unregul at ed, Usoirg naabl el rirnagn tc aTnN Fcda uisse idmpsleiacsaet esd
depression, cancer, and other inflammatory d
be sensi WstviemuloatTiNFn, causing their death, o
driving the infl ammatoatye@ hwintohh ymal itdqhmdntcamr
such, there ar e Wdairsicouusss irnegv iietwss doana OT-NeFat ur e
cancer (c2ylt89TWknredi ng to its receptors can pre
depending on the cellular context and rel ati
Formation of complex | is typialVviyvaBswica aN

and gwaAca i vated Protein Kinase (MAPK) activat

I
d

—h

O O O

e
e
0
f

ads to apop2bs)ifBeopanbwapysusdergone after

pends on an intricate set of cellular cond
rmation via ubiquitination of RIPK1. Actiwv
TRADD taeaepheorTNBlde®ewed by precise ubiquit
I AP2. RI'PK1 is recruited to NEMO, | eadi ng t
mpl exTABFRKARX1) Thi s complex is capabl e of |

0]

r

u

iggering the MAPK pathway. This means that
rvival through the MAPK pathway, mainly vi
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(219, 222T7ThRe3x a-eBo npiactahlwaNyF i s al so twriegepto®d by
associated factor (TRAF) adaptor proteins ar
compl ex, and I KK is phosphorylated by a var.i
TAK1, and (MARARB K3

The caneBi pat hiWgy is a cell signalling pathw
of -ipmfol ammatory genes,aBand thedaout wvanjadbheof
(20@@35)Th-eB NFRmily contains five members whi
through the REL homology domain. However, th
signalling are regarded to be Rel A and p50.
for diontofatt heaBc prad miway!l, MBd i s imeldi awedl by
phosphoryl ati oeB @) .t hTehii sn hii & i ft emeldovieetde doy ubi
degr adaB( dn5B0iIfs It he mos ®BB werldt eierf ianredd tly pi c al
with p50/ Rel A het er od®éBldeir 8 -nheRld pait de dd epghroasdpahtoir o
i's essential for the nucledr26)Tares Il KKKatcioomp | &
(compos el Kkitda nldK KNEMO) al so phosphoryl ates S5:
aB subunit with transcriptional activity. | K|
cleavage to geéprevmppthd mat phesph@r yl ated by PK
(228)Pha&Repmo and p50 form the most wal | <charac
transcriptional activity, and DNA binding re
to the i mmune responge29c2ithe ghrews hchamactsanr
homodi mer can also bind to DNA, and23i1)kely h
Conversely, p50 homodi mers aBebintdibgtmoyi Bs
transcripti-eBhadilfwz2a@g¢ti ve NF

1.2.2b2 1L

NFeB i s stimulated by a variety of cytokine a
pat hwalpasl. sd Lst i-aBikaeesz®HN$ processkdafbtyercaspa
infl ammasome activation, andlRiIfilRIAcPecreetripod o
compl ex. After receptor binding, MYD88 and |
autophosphoryl at eRSAKaln da npdh d SRPAKRr. y ITERtAEFSHS i s t he
| RAKRAKRKRAFG6 complex then-llisceomgti ant ecso rhp loeanx t ¢
results in the recruitment and wubiquitinatio
TAB1, TAB2, and TABgl aeades b0b t KK phdsphbseq
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NFeB i n a similar mechani sm as Udes-¢ht Lbed abov
medi at ed ac-#Bi v st ipogrmo pafgadNfedABhcomghexhe TAK3

1.2.2.3 cGAS/ STI NG/ TBK1

Theycl i AMBMBynt hase (cGAS)/ Stimulator of I nt
functions to activate inflammatory (mg8dhani sn
As foreign cytosolic DNA is indicative of ba
purpose of the c¢cGAS/ STIhNG ppsa tthowagyu iidse iinmnful nainmi
to neutralise (RBgEJitmgopatch®NAnsan al so be i

stress, resulting from | ea(kkaBgeA so fa nsutcrloenagr sotri
of inflammation, it is unsurprising that in
aberrantly activated, thus guidi aAgelancadgeni c
di so¢(2dx7")sGAS exists within the cytosol and s
surface of c¢cGAS is positively charged, and i
all ows it to i mtheorsfpahcaet ewibtahc kthBogh les wof @adDINAws b i
to dsDNA which induces a conformational <chan

catalytic (@9 ¢lhafs aGAS ol |l owed by binding of
formation of the secoAWNMBric@hNMBEengeGAMEYyTCher

STI NG which is | ocated on the endoplasmic re
ol i gomer i zataitono nando 2t8rhager ggbooltghhe gol gi , STI NG
ki nases. ThiBd nidnonlgu&XeshaSaenkl ( TBK1), which pl
regul atory factor 3 (I RF3) and in turn stimu
on type | int(edl)XSMTodMNGsirgraluliitsg and( 24t)i vat es
TBK1 can also phospheBydattee KK, | eading to
1.2.-8/ STAT3 signalling

| 6, | ilkjes TdNFkey pl eiotropic cytokine that pl

response.6 Imadgiiaddryt ilfLi ed under wvarious path
garnered a sel ectciedd oft i Mmaumead oraystifeaamd OBt @r y ¢
factor. However, eventually it was realised
mol ecul e, nebWw 2K a-pwnsasnivbl ved in the mediat.
responses to both endogenous and exogenous s
strongest cytoki niersf lianmmantdaurcyy npgr d caer gsee $p.r ound

| 6 woul d beanprehcudegd itnr response to injury o
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regul ator of-6i nksl amsmatiop)] ichted in many i nf
cancz458 Lis a membeframifl t hef Ildyt oki nes, whi ct
cytokines. This family of <cyt okisnuersf aaclel grpelq3u
anchor-raseptoo in order to tr(2msduce their i

Il n the initial stages-60fi si mfag@dtdil ygn aod tiranse
send out a warning message to th#® emani be bod
induced via pathogen associ-laiteeadeptod e u( Bt Ry
damage associated mo(lceacdy 2 & nGe pradd ep tnsr ,( DIAIMEPR )

expressed on monaoecceyltless,, ahnedp anteouctyrtoepsh,i IBs, but
| 6 signalling effects are resto iscitgendaltloi ntgh ecs
occur through thelibraesepabhwaganwher siecr et e
cleaved from their surfaces, followi8Bnhg neutr
(248)Thi s all ows soluble receptor -booddng, fo
gpl30 receptor i n o(r2denP etroh af pasc icloi utnatteer itnhteu isti
| 6 t o a memibRanes Bewsmd i-lati felda wma thorayn aaindgnal ,

sol ubdl @ nitlLer acti ons -inst amohamedp Athieg calp@amwo | i
| 6 for trans signall i ng-6i sf amnotl ya nsehrebreerds ,p raong
be why slilgnal l ing28Whol domkpaatsioon sefl uvdleul
6R promotes the trans patshway,l |d mlguined gpin3 &

treatment for i(MmAsl2gmmatory di seases

Upon6RLbinding through either the cis or tra
occurs. The major pashwaghkl|l aogi ameedhbdySTATS
MEK/ ERK pat hway, and(the, RPI0THR/BAKITTAFEt pawa yhway

understood and occurs by recruitment and pho

gpl130, Il eading to s ubsdeogmae nnt croenctrau inti nmegn tS TOAfT &
then phosphoryl ated -8RT3ydiome nieS §FATBI) nd ianaadri o g
translocation to the nucleus where It can ac

Y7TOSBTAT3 is heavily implicated in governing
i ncluding i nvassifomr/madti eont, a pirso,l itfrea ati on, sut
angi ogemndsFiusrt h8 TAY eagctpi vity can upregul ate
enhancing avail abl e STATS3 I-tervaen ssc rfiopt ipdhm sfpahoot
functi ong¢2b85)STAAB3phosphoryl ation occurs in
const-@anstilmul ation, |ikely due to the repeti
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of cytokine si(g2n5al)dnengc Y3t kSIOCesS3whi ch may be
nucl ear albt2wihtiychi scolud d t-dBemcst ivimnilyat e NF

1.2.4 Crosstal-dB mhedw&dATB8hpalNRways

As two of the most i mpor tUamtd6dmd | p| eifdtemo biec
i mplicated in similar pathways, and therefor
upon each other. For exampl e, 55¢%-faddl d hbey gen
trams slilgnal ling are Usli gomalpi &guilikaet ésdymbogyh ToscBy
(258)

't i s t holngahyt bteh aatb | T&N RMR NIAn d eove | IsL agd59r ot e
TNBdependengaxprLessi on may be dueriomopart to
possesses bi pB{nao)sha=etu pfriergTUNGBBt e 5 BBBIR | L
transcription may be enhanced. This has been
promoter bi naB ool &feeee fwas NFhown &isnescenltl a
6 expres$s)Taan s carries on to disease context s
carcinoma di sl agtsi vintcy ,e awlei dhL i-a8B ¢pe menod ent
si(t2e6 2)AsUcTaNnF i n-@RBi,c eadNdFclalbh i nduce STAT3 phosph
crosstal k Uhetd#&#éeoulTNMFbe also thoughteBof as |
and STAT3. This is further sugBparctéediby tkrad
siigihi cantly | owered STAT3 phosphoryl ation in
carcinoma cells, and a¢28®6e2z) (@ teldu cheeda |IMANPYK eopri t
pat hways may al so upregul at e ot6hesri gkneayl Itirmagn s
(263)For instance, MAPK i n@iprn dti @inn canud emRMA d
(264)Curiously, dirmhiabistoi eampafh lUmMARIcdhi hi ti ng
acti(eesdy

TNBi nducGdsilgdnal |l ing may be dependent on cell
cells did not de#oms=stcr @t ¢ omésiftg hnuvel maétai gol NT. N F

Al ternatUmiglhyt, aTliNIF i n sénsicti2eB)Tdia ¢alela tic |
supported by a study6wwashadkeeonsestsatmd!| athat
prolifer attiroenat endiJéwa rtpii2e NBFhi s | ed to enhance
through the ERKJI MRPKgaodt hnsattor signalling
well as increased mRNA of growth -ffaalcd,orbsyut gp
only after Usapdib| herdta.lT NE
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NFeB activation and the MAPK p&8télbwd ya momme art ht
mi cr oRNAs) , wehimRhNA osinwzad Bs)Aldiltdyet ai | ed-aBbr i or , t
pat hway i s altstu gvgaetsetdi nogy sTiNgFnal | Uexgp i end sir @n aayr
| 6 regul ation at a post transcriptional | ev e
TNBsti mul ati on reexgeultaetds oineegoast! idvle 2 6rea)Ehiop hage s
mechanism requires suppressor of cytokine si
both SOCS3 and SHP2 camolse hoe gyl @itteeld gtpd 3t0h e S
to inhibit(2pu)8HUcEME iuwirteygul ate SOCS3 and r e«
protein, this providelBmaa onleegaart irvastlipoi ngaslgel Il faonre
(270, 2Anot her component of this regulatory s
of gpl30 faBl soghag | NRg, t6hussi gaglasdd )iinmnghi bi ti ng

Overall, signalling amd/pENBWaAYy bet weeamphex | &
This complexity is |ikely due to differentia
meaning that some cell types wohltberhehkptens
one pathway, while other cells wil!/l demonstr

a positive inflammatory -dBeadlla SKAM8chanshmwh
(Figure 1. 2).

‘I\ﬂamm 1,00 ¢
Te!

- STAT3
Signal
\{’/ﬂ Transduction
Cytokine/
NE-xB . p-STAT3 Chemokine
complex ( P '(Y705) Dimer Production
IkBa 5
Ub : i
NTmUB— : :
[f'_ljib N .f.'-'-
E v
v
. - > )
'/P ) p) NF-kB Target (P ) STAT3 Target
Genes (i.e. IL-1B)

p50 X RelA )|Genes (i.e. IL-6)
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Figure Pbsa2tive feedbaB kamadt$ VAT -gbaectd wieamynd aNtFN 6 n

initially odourldrretbepugh BNRding, leading to dow
Rel A/ p50 heterodi mers. ThisB trarsqdtl sigdéi mnegd o gitnogi @ g
such -6as6llldr oducti on and secretion | eads to autoc
resultingairigetSTd€B8e transcription-lbWwhishcahenncl

feed back intaoataorpodiotoipv.e lilnfulsammti on produced

1.3 d&8Ci ved brain tumour s

As detailed prior, brain tumours and their a
the |l ead causes of mortality in TSC patients
cancekrated death in pgedp)fFésecCunded bhaei ageumbdbu

SENs, SEGAs, and cortical/ subcortical tubers
1.3.1 Nor mal neuronal devel opment

To understand the abnorma$soevavedl bdavel bpm

necessary to understand nor mal neuronal deve
neurons are formed. This processimelore®romnoc
direct progenitor cells to terminal di fferen
gliogenesis is the éedeweglommments upfpotriha ngl)i alel
Neurul ation is a process of neural devel opme
of the neural tube after four distinct steps
neur al pl ate bending, andofgemét gt el osereewof
Neurul ation initiates with a rapid prolifera
number of NECs, resulting in a structure kno

force this plate tas UWered nieruwar d g,r okovew bef or

tube: a folded structure of NECs which appea
(273)The neur al tube wil |l go on to form the b
|l nci de-dt amehgj obhal neur al cultures (described
neur al tube via the devel opmemtiotssescd uroanl orfo
the negyeah)Thebemeural tube i s accompanied by

mi grate and differentiate to become a variet
gl i a, mel anocytes, dnrd59hel ¢éd ali dcdnmnheéedi V& me

tube will become the cerebr al ventricles of
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key neurogenerative struct'®lragg ooff tghees tcad ritoenx, .

process of neuronal devel mehhi § rprmo d éhes nra
outwards from the | umen (ventricle) to the o
from the ventricular zone, and sequentially

intermedi ate zone, thearcpirnalc azlomnpd awhei,c ha nids f

l aminin. A description of these peatocagLLDODB)i s
(277Wi thin the subventricular zone, NECs for

RGCs contact the | umi nal side of t he n

eur al

processes up to form the edge of stclees imar gihra

mi ddl e and is generally composed of th

di vi l on dominates the earlier stages
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Mi croglia are not explicitly devel otpleadorwi t hi
of microglial derivation is that microglia o
mi grate to the developing brain prior to the
and maintain theaNi corwong Ipioaplu lpartoiloinf er ati on ca
cytokineslbaondhhaghl!l proliferation of microgl:.

neuroinflammatory nékB8dde@gé&ner ati ve di seases

As descriedted(Q®B®IeTOR signalling is a cruci
and helps to direct progenitor migration as
di fferentiation states. Specifically, mTORC1
NECs as well aasoNECmMmpORBRLCILfalso influences th
of | PCs.

The reviewtbhya(ZiBfigovi des an excellent view
which mTOR hyperactivation i mpacts the vario
summary, astrocytes in the TSC brain can be

MTORC1 hyperact irwea ca sitvifolqaptrrst, orayn)d astrocyt e

formed also as poorly differentiated inter me
mar kers, and these are believed to arise fro
gui des ol ingaotdwernadtrioacry,t ecyt oskel et al remodel in

myelination. Dysregulation of mTORC1 in TSC
cortical tubers. Defective myelinat(i2@8) may ¢
Mi croglia are also heavily impacted by mTORC
MTORC1 hyperactive neurons adedr iaweed thyrpaicmalll e
Mi croglia in TSC are generally shownogloi e n
al so promot es t-ihref Ipammaitcari yo nc ytfo kpirme s . Mi cr o
through heightened neu289y}mE&ct ammayosycbyuaneke
rel eased fromlbmaor pglboimatlki keukbn hyperexcit a
(290)

A study betWa(lz@®8paovi ded an interesting per:
MTORC1 in regulating neur al pol arity. Nor mal
from neurons-riegubdatemdORBCbDCcess, and the | onge

during mi peaboimen}) hwi lalk on. Hyperactive mTORCI
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neur onal polarity and | ead to the presence o

i n -mohari sed neurons may | ead to dysregul ate
Overall, the current | iterature suggests tha
dysregul ated neur al phenotype in TSC in two

di srupted by mTORC1 hyperactivity. Also, mTO
neurlaimfat i on, and this results in enhanced 1

and glial cell s.
1.3.2 SEN/ SEGAs

SENs ar e -csamaclelr,ounsongr owt hs that normally ari:
caudothal amdz)Thegoaee typically highly cal ci
in brainh293mM@8gNsgare bel i eve8d % oofocTcS@ 9piant ibeentt
although one study 1 denti fi(e2dd 53TENey iar eu pma sot
composed of abnormally formed, enlarged glia
believed to be mostly identical, but are dif
Generally, the differentiuatsi owvh eme thnwaedairln eSE Msa \
1 cm in size, at which @Eoa6nNUsualelyy apat remgtas d
t han onhz979EN

SEGAs occur in roughly 20 % of TSC patients,
patients, and typi c(a2l9l8yS HGAs eclaonp aats od $yaoruen gy a
pat i(@®©93SEGAs typically demonsTtSC2ter al d s s of
commoh$ s e6,.dbd) e SEGAs -sayrnep toofnmaetni cnont hei r pr «
|l ater al and third ventricles means that they
hydrocephalus, coinciding with a substanti al
mort@d3odunr)gympt oms associated with this are an
headaches, diplopia, photophobia, and ataxi a
size and obstructed CSF fl ow, as webk) as an
SEGA are dqwalsliwenomnd unli ke malignant GBM,
(303)t is hypothesised that SEGAs (and by ex

types in the early devel opment of the brain,
altered differentiation states. Whhirleee t he hi
separate cell types are believed to composit
spindle cells (likely glial), enl arged (gemi
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neudt oke(T®EI)Heswever, astrocytes are believed

based on glial fibrillary ac@iado)Stpuadites n ( GF
attempting to investigate models of SEGAs ha
astrocyt®&06)Hotwerves, this scenari o may not f

derived SHGAnLtsaitncoen awas used (rafT®#e?2 than t1l

mutation). Additionally, murine astrocytes w
which differ notably in complexity. Il nterest
study seemed to partially revecoarte @asoe eiamr | GRAP

expression aBRYfbam itnansesas@PXdomr d acsitom. 2 (

TSC patients are routinely screened with con
i maging (MRI) to detect (Bbhe)Fpi évevnaong dadfet@rcown
primary treatment for SEGA is surgical resec
size and do not appear to be (BOt7,g€dbpvgroewin

rapid worsening of symptoms ascribed to hydr

emergency surgery. CSF shunts can also be ap
although shunts are typical laynwdaweiedled odu e etva
Surgery can be highly effective at removal o
some cases However, surgical mortality can
SEGA surgery mor t(a3loi7t)S/urrgaetrey tcoanbeald4s.09 r% s ul t
infections, and hemiparesis, among other pos
results in complete removal of the SEGA in a

SEGAs that r eshuydrsocenp hoablsusr uacrtee vnreor mal Iy tr e
demonstrated that Everolimus or Sirolimus we
shrinkage (a3f0o9fFuer tSheeGANOTr e, <cl i ni cal trial s h;
MTORC1 inhibitors totesrhmiwmkaddeGAs5 wa arhs )l omrg
effedNCiTOOA4ABGONCTOO(TB)NLYRiIBt h  1b6elt %veoefn psaldt i ent s
experiencing shrinkage of SEGAs.

1.3.3 Cortical tuber s

Cortical tubers develop in the cortex, arise
approxi mately 9(03% 29T h elyS Ca rpearilo-felnntesy ednt ngbei n
tubers can be resected with | i(B3UBH i&kpparent
SEN/ SEGAs, <cortical tubers are generally con
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cell s, demonstrating an up¢(2,gauldtay ncam alhseo

demonstrate calcification, bu(t31GNies it $ meess
cortical tubersliclhen gtervied topr e nt oarcg stthese ar
epi |l(e3pl6yTuber s can be separated into three s

calcification and the preval enxldMaofet giadnt ce
(20ah) ghl i ghted some key differences bet wee
Unl i ke SEN/ SEGAsor tihealmatj obhety @&@d not demons
offSQ2IrS¢1 Anot her key difference between cor
the | atter tends to display more angiogenesi
and instead form prenatally and then persist

exi st and are typically @C2Ir8r)éd rattiedalwi tt thb enos e

the perilesional cortex display enhanced mTC
(319)The same study showed that neurons in th
hyperexcitable, and hypomyelinated.

A study bytMgOoBporgavi des an i nteresting | oo
cortical | ayer markers within cortical tuber

and demonstrate dysrexguleastsda ch gmingruatoincsn  ;arTeBR I

t he white matctoert iacmd Uppyer s, and this dysre;q
epil eptogenic signalling. Overall, the preci
neur al devel opment appear highly dysregul at e
|l @ to an abundance of dysmorphic and incorr

TBRdxpressing neurons are also present withi
promot esCl@Xyeéxliperpessys.i on was alGlXekypsresguloat esd.o
normally be conf-3 @@Xextpor ensesuirnogn sc eilnl sL2wer e f o
in cortical tubers. SATB2 is also typically
demonstrate a ®®a«gpuetsisomgi ceSABBIi thin | ayer
devel opment alosctuesFuartenebreirregselar ch has shown
cortical tubers have higher | evels of excita
mechani sm of tHea8i20)Theislee mteiua omrsi @il 0 posses:s

receptors which could (8@afjer heightened exci

Cortical tubers are highly associated with e
known to be the epileptogenic(8»W$, ephegepay
proves pharmacologically resistéafdaz2z4)Suhgeeytu
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must also target the perituberal area, as it
epil ep(t3oi@enA cdi fficulty in targeting tubers
that TSC patients often present with multiopl
the epileptic focal point must mmegudatrertmibreed
can be often identif{4d) Axcsc ofraddar@ Ipys indest aod r ¢

excision of epileptogenic tubers r(gB)ts in
Cortical tubers are primarily targeted throu
However, MTORC1 inhibition with Everolimus m
appropriate time, as reduction iinevhe ptereact i v
aberrant neuronal devel opment and (nBa2t2yr at i on
As an aside, white matter abnormalities are

of TSC (pBalt4i)Tesn@ spati ents nor mall yyopdd sads thdte
heterotopia i s asectcisataddd 1®jplicht eppog aotpmeanti s b e

arise from a failure of neuronal mi gration f
to abnor mal or g@anaes)@eneomalofwhmietueg omatt er abno
apparent wel |l defined | esion may be a signif
br gi3n9)

1. 3. 4asTsSoci ated neuropsychiatric disorders

As previously described, TSC patients typica
di sorders known as TANDs. Around 90% of TSC

t hroughout 3.29)Heeiarl tlhicaese professionals use t he
TANDs and assess the need for further treatnmn
outlined in thda. md p@30Bey TdAeNDVrciheesc k|l i st was ¢

TANDs can be broadly described in five separ
typical lyweganmrtegd vterends such as anxiety, 1iss
difficultiesl KasdugenePaychlioxtirmai ¢ di sorder s
behavior al observations which can be grouped
spectrum disorder, attention deficit hyperac
di sordetresl.| efdhteualn aspects of the checklist f
over al l | owering in cognitive ability. The a
intell ectual |l evel; some chil dren bwiltinht yT S® uh
still perform worse in an academic setting.
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observe neuropsychological deficits in execu

vi suospatial skills. Notably, TSC patients n
these abilities. For exampl e, one spuaotsipeantti anha
skills, but struggle with memory and attent.i
on the quality of | ife and relationship aspe

conversation between heq@ilvwdrcarien poroderssti @ nrmad

identify causes for concern in TSC patients.

While epilepsy is not directly assessed thro
Epil epsy occurs in(@vegandO0i%s ofefTSfctpany einh s6

(327)Generally, seizures present in infants w
Il nfantile spasms occur within the-2f0i% sotf year
infanti |l e( 3s2paling lcears essever ity and earlier occ
correlates with more severe epilepsy in | ate
While it has been shown that the overall tub

tuber)ohger acetrelation to the severity of e

number of tubers, the key determining factor
(329)t is Ilikely that the best control me a s u
sei zZ(wr7¢¥$3 SC may exhibit some differences in t

compared to other epilepsSLcnhkiesiocepet epsMModt i
tempor aB30)hweaversely, cortical tubers are re
TSC, and are more often | ocated in the front

only 8% of tubers beifg3fund in the tempora
1.3.5 Neuroinflammation in TSC

Whil e both cortical tubers and SEN/ SEGA seen
i mmune recruitment, inflammatory signalling
(5.1) Maertt(ianlb17) postul ated that 20% of the mRN
to |l eukocytes. It is believed that mTORC1 ac
prenatally, and this may contri but(e33t29A t he d
mouse model d e ffbannsdt rGX GLdl Ot hiant plalr t i cul ar wer
offsdeficient mice, and t i3s3 3|)Tihkeesley ccya motkriinbeust
shown to be downstream of mTORC1, as observe
i nhi bitors. Mouse maddllsamilag o rrye wsd aglnead |ti magt
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prior to ¢é€pB8BApoeyhenset udy r-ébpordildRd i ghilnev
cortical tubers and SEN/ SEGAs of the TSC br a
activated microgl i(a2,9 0glimbkdc trievaicttyi vliei kaesltyr occoyrntters
hyperexcitabi(BBtydSe&&ndveedi zuaies tumours al so

i mmune invasion, as observed by the heighten
complex (MHG})igkaspobi tive i mnhuynpee rcaecltlisv ea rboru
cekbso,385) is |ikely that seizures trigger t
then engagei nfnl dmamathemry pgsiognal s, | eading to

the rationale for why early pr es ametdatTiANDso f

in | ater |ife. The compl emeddr icvassck aldreaiirs tad ms
(336)providing further evidence for i mmune in
brain | esions. The compl ement §37)Amtis al so
infl ammatory treatments in other seizure dis

i nhi bi tlbpmoddctliLon (vi a #limcha rbvi eritoinn go fe n znyt neer | (
shown to reduce chronic gBid3Begptic activity i

Neuroinflammation is also believed to contri
research on this in the context of TSC is re
| eakage in TSC via enhanced uptakewanf toer um

i mpact neur al ( hyoprenm etxicert adtiddy yf ound enhance
branching in cortical samples of TSC patient
(339 md | ammatory cytokines result (i3momigrat.
and these would I|ikely upredgeariaved i mrfdiammad
Vascul ar endothelial growth factor (VEGF) pr
organi zed vasculature of (Be¢el)BBBrupuroheofdt
associated with epilepsy, wherein it is beli
sei z(wBr4esbut may al so contr i bu(t3es 3t)Toh rt chueg hd etvhed

abodescri bed research, epileptic seizures se
feedback; infl ammatory mechanisms can trigge
infl ammatory and i mmune si grkalne./ chlreimo kp maec e s
production, i mmune cell i nvasion/ activation,
to the BBB. While there is |imited research
avail able knowledge on iwofl ammdtaimonati onTSG@ a
makes it highly |Iikely that the BBB is compr
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to influence vascul ature fa@eBmallieodiing Meurt dd

credibility to this hypothesi s.

Various other neuropsychiatric conditions <ca

spectrum di sorder has been characterized as

Al zhei mer 6s di sease, Mul tiple Sec3£5)osi s, nar
Dysfunctional microglia can often play a rol
effects of dysregulated microglia after infl
f unc(3i4denl n gener al , neuroinflammation | eads

l eading to altered synapt347 &8 nsniegentail d nisn ga nidn

mi croglia may al so be pr(e3s4e8nhtowenv eru ttilsins srpeetc

h a

al

a
c
contested i(B4OWBer nsepdl|l epsy -BB issi ntihoawg hti nt
ve both neuroprotective ef-6Becitns idnumuinneg cseelil
so undoubtedl y (d2eitanOwvreernalall, tiot tihse bCeNISi ev ed
al o

TANDs in TSC (Figure 1.3).

ngside mTORC1 hyperactivity I|Iikely contri

Neuroinflammation

TSCI or TSC2 LD

mutation

and
Tumour growth

mTORC1
hyperactivation

Figure Newu3 oinfl ammation contributes t o StGire devel
TSA2sults in mTORC1 hyperactivation. mTORC1 hyp

of neuroi ASICEHE@DSisomay al so confer neuroinfl ammeé

MTOR&Z&hdependent mechani sms. Both neuroinflammat.
neurodevel opment, | eading to the devel opment of
produced i.n Bi oRender
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1.4 Aims and Objectives

Il n thistlpymotedtahsaits el nf |l ammat ory signalling 1 ¢
patients, and that tlhiinsk e dnftloa nmnhaet odeyv esli ogpnnae nl
patiemansg inflammatory signalling .may guide d
Further mor e,t hiatteBiNsSFwhu gdestsegpoorl y researchec
i mportant role naeutbenfleammagpmme nttamPaderyg of
prove effective in the naamsademeseidt tdhsa hS® os yhrx
cur séeanmaddl s sogfecliSMEEalAMdANd ELT3 cells) do
reflect neuroinflammation in TSC, and theref

understanddegebdpmAND
There are three broad aims of this project.

Aim 1: Currently, the orighihc@eionienhti okl &
uncl ear. The project aims to T®&G@EReddtcdareinze cteh

with a foeBsaond BWRATNFpat hways, while observ

two inflammatory pathways. The project al so
infl ammatory mechani sms i n TISOC dboy tehxipsl,o rtihneg |
will explore the effelcS@Redf cil pfst ammdatexmpy og tei
activity in t haessseo ccieatlesd eSpiinlceepsTySG s tr eat me
modul ated by mTORC1 i ntEvhkeirtodrismussuphopect6i absé
assess the effects of mMTORC1 inhibition on i
Aim 2: Model s exploring neuroinflammation in
the st oBei mdENEved brain tumours is also | im
uncl ear how dysregulated infl ammantorof pTANDIss
in TSC. For this reasohSclehiécpreoajtectSLi meo ded
CRI SPRs9 technology. This i PSC model wil!/ be
alongsi-dgpa ewohdrol to analdeveltolpeaneditf f drhe ma
the differentiation process, neurodifferent.i

infl ammatory activati eB) bi bantaa kwirlsl (IS8 AT8 mpa
t hiirs wnieur al modeTllSGRed i en ieembdrdy s t o observe h
i nfl ammatory processes are maintained throug
comparnedvt@onscriptomic adatiysed bfalT®SCt p@oue

determine how inflammatory imr ddad eaosne ¢ uinro utrtse
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Aim 3: Aside from a recent approval for the

infl ammatory treatments is | imited in TSC. T
many TANDs such as epilepsy may be isafit ammat
identify currently availabl e T$%@es ivwhiecnht noaey
b) ex@rtlamtei aitmowe, fanmtmati on, and S&2her phel
deficient cells, and c¢c) be RLAf ulnhimidcomjsunc

MmMTORC1 hyperactivity, or other witsree artendeunctee mT
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Chaptie¢rat2ri als and Met hods

2.1 Cel | cul ture and maintenance

My cop Harsenrea f rsd oerk scevelre used for this study,
with Venor GeM Advance Mycopl asma2dDetasctpeom

manufacturers guidelines and were negative t
spp.
2.1.1 MEF, AML, and ELT3

62101 T2 TSERt ahd082 TaIUDLEBSEYP(AML cel |l s wer
used asima Wwothaed ahd TBE€r ePrgao ff .t edEl ibzBb®2x h Hens
mouse embryonic fTiskEMBF ace | TPEFD wemrdused as
addi tiinonrcaell t ol i ne 6neldell AML siraCi.eo myro el pomane

|l acking functional TSICRM awhieaoh anmned depioveaddf
homozygous for aTBICRGEGEHI2ZA)MMutraeg s wintiimg in TS
acid substi(tua0)ome (mRBtIdAtQ)on i s freoEuamd!| y fo
results in TSC2 being unable td&yipret ér8&8@&tn nor
was added b-20k ANMLtbOel 621103 AMIDecaltles 62d r es
with func( B8 5Thpel sTtSu@ily. ddye sYwapr besss hef establ i
culture, wherein freshl yardtplaactteedd, AgWLi dri stsa
sequefbenMEF cell |line was a gend@s@dds gift f
MEFs are anTem@oidt alMEFed el | |-si thaeg ed eermbvreydo sf r C
produced by i n¢ &5derveeel doipnnge nstt uodfi etIhPi5sBi c el | (.
Day-1205 embryos were ¢€8b5®Breicaredt ca st rdietswrra tbieadn
Ekerl ericotmy omaeer iTeal@&f i ci ent-V)eldmrsd (BdfT@hed co
expr eTsss¢iFlgT 3) wer e generedat(e®Rltadn)d wetrei gi dit € d

by Prof. C. Wal ker (M. D. AndTehe ode vCalnocpeme nCte ni

these cell l'i(h54)ahEL&kesd drsi bveed ei t eaneVvecused
contai ni nlge reg tt MTedr@2hauthk h empty vector, resul ti
ETLT3 or-VBELT®2I | l i nMEBEF, rAMlp,ecdnd eElyT 8 ucsel | s &

popul ati ons.

Cells were maintaimead haumi3d7i fACd BiTeCcQub at or u.
reagents (TherfooBitsedelT phdsTPPware (Hel ena
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throughout. When indicated cells were incuba

achievediwpimcEment. Cells were cultured in
( Mer c k, D6429) supplemented wwvt)h oFB S 5(%Mervd kv,)
MEF or AML cel |l l i nes, respectively, with 50
PO781).

Cell s were passaged vi &DW&s tiiTher mb r0&5e6s)h e me s 2
prior to incubation at 37AC for 5 min. Cells
appropriate volume of media was remMet®d to g
ands¢2MEF cells were typically passaged at r a
TSECEANTHUSEAML coweelrles t ypically pass@agedndt ERTS8 a

V3 cell s were typically pas<£fddga8d catl | 8 mwatrieo L
bel ow passage numbers of 45, 25, and 45, res
To freeze -tcerlhsstforade,ngcell s were detached

centri fulgegd faotr 2500mi n. Cel | s wédWcee ltlh ecnu Irteusrues

freezing medium (Ther mo Fisher, 12648010) at
then cool didA@/tmibhok@d eCelfl s wer e bt helm dtharwe d

cells, vials were rapidly thawed in a 37 AC
medi um. Medi a was changed the following day.
2.1.2 iPS cell culture

i BJ4-twipledWTi)BJcdel | s were gifted by the Har woo
TScdleficient 1iBJ4 cells weDreageaeKiaRlk& naeanldl sk
are an induced human pluripot dmBtSAgmil xed i mpeold
of SGkefi cient PGP1 i PS cells were purchased
sequencing (section 2. 1P&Pdndeséstiaorer 2nlbnd
pluripotent cental e ifnidb3do@BlOsards kforua m-Egs @RI1 SPR
was perfor meSi by oSgmgghbggygenci ng, and downstre
characteri satpoat quaiss ipteird mr me d

i PSCs were cultured in a feeder free system
Fi sher, A1517001) on a basement -m@mprdnkubéd:!
DMEM12 at a 1:100 dilution. Cells were maini
with 2% Med@i um was replaced every 24 h. Cel |

were passaged at 80% confluency. Prior to pa
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dichloride (Tocris, 1254) -ifnodrucaetd Iceealslt dle aht ht.
were then washERe3 (ohhcer ma tthi sbher, D8537) befo
min at 37 - C with gentle cell diss,solcOiOati on
0485) . Foll owi ngasnaspiatabed &CO®Rrepl aced wi
Y27632. Cells were scratched and/ or gently r
new Cul-coa&txegprml ates containindgi &8wavs trhe ffliQaé

with fresh E8 without Y27632. |l f spontaneous
were passagé&pmasaa®Riene SSReagent (Stemcell Tech
pure i PSC cultures.

Prior to freezing, cells were treated for at

GCDR. Cell s were then resuspended in E8 with
containing Y27880R &an@ atr oalgchaoCtigner -t mitm. oFor

storage, cells were stored in |iquid N

Cells were thaARAMMMshp pEISe me lRte v(iGi bco, A2644
to attachoabe@Quptaners. Media was replaced af

at | east 2 passages prior to usage in experi

2.1.3 i RS0 Isicngolna ng

To generate solutions of singue A2 fcerd | &t |i PH
Cells were then washed and incubated in accu
Technol ogies, 07920) for 10 mind ati |t ed it
E8 before centrifugation at 200 I g for 5 mi

pell et was resuspended in 1 mL E8 + Y27632.

Cultrecatpee 100 mm dish i waBE8gwinthyY206&6%k2d T
side to ensure an even distribution of cells
a |lack of clumping before incubation overnig

cells were maintaaimetd vwotchi sgreabdl enii ds wer

When col onies were of a sufficient size, cel
woul d then be selected under a micomrad sado pie8 Vi
well plate and cul tured as deesdc rtiob egdr oawb obveef. o

splitting to | arger plates for subsequent sa
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2.2 Sodium Dodecyl Sul phate Pol-AGE)y |l amd de C

western blotting
2.2.1 Protein |lysate generation

Tsc'2dhd wype MEFs were seeded withihmnl® cm pl e
andl®ell s/ mL, TrSeeRpfeicdt iTeSei2zganded AMLS were se
densiltlpawdl1H. 2r espec tTid3vealndVFHETBB|l s were seed
densiltiyycCel | 8 wer e -0 % wnonufnltidndyy. Various tr
admini stered as specified in relewadandt PB8&Scti o
and |ysed directly i-ACbampHe7b6jdéredl0 %2 %/ mM/
SDS, 50 mM fresh dithiothreitol (DTT). Sampl
Bi oruptor and boiled at 95 o+ Clfgrfoa® mDnmia
Total protein weasioquyaYBicidr imed raetag@ht plus i or
compatibility reagent (Thermofisher, 22663),
| owest sample protein concentration per samp

bromophenol bl ue. Sampl e snCeveamnetdi.lt hen st ored a
2. 2. 2PASIES

SDPAGE was perfor méedi-Bus-s2% NTWRAGEBo Fi sher, N
and NUPRAGEset-&a%e( Bher mo Fisher, EAO03™5BOX) g:¢
MES SDS running buffer (TheMmoadetsdatee , SINP 00O
running buffer (Thermo Fisher, LAOO41), resp

Mi rcie | | el ectrophoresis chamber s -g(tTahiererdo Fi st
protein-214a0d dkeDra )( 1(0GO@ 241 &kgo &0 f Stt6@t aal wegre | oadec
well . Gels were run at 180 V for 5 min, foll

2.2.3 Electrophoretic Transfer and western b

Resolved proteins wer-RP polaynsifreylriedlen ® d imfmlolo
(Merck Life Science, |l PVYVHOOO10) wusing wet tr
(w/ v) dry powddrf emieldk sian-Ghrep § 50. 5mM 1IT50dhsmM Na
0. 1% TweTeEdS 20 Membr anes were then probed with
4 - C on an orbital shaker .-T Pwiitnha r2y% a(nw /i vb)o dbi
serum al bumin (BSA) (Merck, A79089i.gnmAdlll iamg i
Technol ogy except mTOR antibody. The mTOR an
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gi fted from the MRC Protein Phosphoryl ati on
LGTGPAAATTAATTSSNVS) . Most antibodies were u
bractin (AnB3&XIANXALL: 1060, GAL)IA: 10, 000) ,
phosmpm®6 (S235/236) (1:4000), and STAT3 (1: 4
prior to secondar y adtba-mogumg,t-abebpeaddiRPegatadIi
secondary antibodiesT (Wiitll®, DO (pw/iderd km) | ikn T
Membr waee incubated for 1 h at room temperat
wer e then wlasphreidori nt ofrBaSddi ti on of enhanced c
Membr anes were incubated for 1 miERECdnd t hen
SelBewdstern blotting detection reagent (Cyti
performed in I maged. (version 1.0BaZit)i.n Dbeannsdi t
i nt ensaihtdt ree i ntensitiesl|l aaereeugeandiadhcabc ot

changes.

2.3 Drug Treatments

Drug Supplier Stock concentrat.i
DMS O

Rapamyc(Merck, 553210)(10WM ¢

BMS3455(Sell eckchem, SI20 mM

Di acere(Sell eckchem, SS50 mM

SAHA (Sell eckchem, SS10 mM

R-7050 (Sell eckchem, S10 mM

Resator(Sell eckchem, S10 mM

| MD0354(Sell eckchem, S10 mM

C 1 898 (Sell eckchem, SI20 mM

Tabl ®r2gl supplier and stock concentrations.

Recombi nantUamdena o mbd MN6iF a(nAbclam, 259410 and 198!
were reconsti tQutwad hi MO.s2t% reigW/ eal) d eBEGAA ni.BHO 5 0

respectively.

The stock drug solutions were added to cul tu
without exod)eddMO.0.Th%e (t ot al DMSO concentr a
experi ments to mairvtoafi nDMS @ opnesri sctoenndti t% o(n .
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2.4 PBeikewed TSC Transcriptomic Analysis and

Samples of-dd@SCvepdt SBENItSE)GABerne coll ected by
(Center for Cancer and Cel |l Bi ology in Grand
gene (DEG) analysis Wwapstperfabmetl( BRBApHes8ri M
ofbenes, fol dd¢hbavhageuseps awvads provi ded by Prof.
subsequent analysis WwWesepentotmgg {GO)t Ansal §
performed with GeneAnalytics (LifeMap Scienc
anal ysis was perf-demevdedvi ¢ dn=TiRG9 Ip atGiOe @mmsa | (y s i
used to identify dysregul ated inflammatory a

derived tumours. Volcano plots were generate

2. BNASequencing

Sampl es -sfeogru eRMNcA ng wer e generated by Mr Mohali

Calver (Cardiff University). Cells were wash
Reagent (Qiagen, 76104). RNA was extracted f
Ql Ashreddagrelh,( @9654) and RNAeaawH Mhen kit bse
180 AC. RNA |ibrary preparation and sequenci
service/coll aboration with Wales Gene Park (
(357)xcept the Il luminaE TruSegqE RNA sampl e
122,2001) was used for | ibrary preparation,
Foll owing validation, the | ibraries were nor

the Mi Seq with a 150 cycle, version 3, cartri
manufacturerodés instructions. Differentially
DeSeq?2 packzmy)penahnyRi s was carried out on all
dat avwatt ueB were corrected f or-Howlhtbieplge ftad stei
di scovery rate (FDR) method. The initial bi o
Par k.

2.6 Transcriptional Activation Enzyme Linked

Transcriptional activati oOhCAERATI AT afnacrer S DATN3d, i
probE€( EMRer e purchasedTst ddm dA eviyipvee MOEtFisf .wer e
grown owery getrweé®dd wnt oh fsBeOreunmt .meFduilal was t hen

with -¢depluent ed medi a, including pathway inhib
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duration of 24 WredWpensiadewagsasgpPNEmMmented fo
2 h to match the end poinG wds thupplte mermptoe dh t
to the end of the treatmentop8Si odnt@ehisgwe
phosphatase inhibitors (supplied in kit), an
performed as directed by the kilTtSGafniudiaecrntur e
ceddnditi on€8 Cexepdrieas soim8 @lRecfel IMIESeEs7tor AMLsS wer e
grown until 80% confluency before media was
remained under starved conditions for 24 h b
centrifuged, argraddedgtoeTE@2r Conmed!| upongt

taken frxpreS$SG2 ng cells. Tot al protein of esc¢
assay before samples were stored at T80 o C.
manufacturero6s instructions.

2.7 Cytokine/ Chemokine Profiling

A mouse cytokine array kit was purchased fro
grown over a 290% openfilodentintbhef 8@0e medéea was
media. After an 24 h starvation NoRéfroirod2, hcel |
before |lysis was performed according to the
substitute (Merck, 11755699001) supplemented
cOmpl et e Mini Protease I nhibit.orTdctoxlktpridt €lia

concentration wag waanustdetpraerdchBOB8ampl e o

me mbr ane. Membr anes were i maged Eowe sptheortnos ens
bl otting detection reagent, with 15 s used a
2.8 Viability Assays

MEF cell s weredgyower o-8@%uaodtbiwvio86&nt before m

replaced with serum starved media containing

then | eft for a further 24 h beftomreeenetdii me wa
with trypsin/ EDTA with each wash also coll ec
trypsinised, collected, and pell eted al ongsi
were resuspended in a | odensvibgietneet b8geher a

suspension stasofaddeditda uz2n i odi de/ acri di ne or
Bi osystems, F23003) and incubated for 5 min.

Luna cel |l counter (Logos Biosystems).
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2.9 Duoset ELI SAs

| 6 and VEGFA ELI SA duoset kits (R&D, #DY206,
Systems alongside an ancillary reagent kit (
according to the mamsCDarcStQAk MIr D swé rmes tgureidcw i oinrs
pl ate80%ocd@0fl uency before media was replace
applicable). Cells were kept under full seru
used at day 70 of neurd&lihftereat mnant ot dad iha

and diluted at a ratio of 1:10 within reagen

Lysates or media preparations were 4+ hen | oad
coated with the appropriate capture antibody

overnight at 4 o C.

Readings were |l ater quantified bMe6®i thnhmer t ot

reagent of <cell |l ysates or by celll count .

2.10 Antchdepgedent colony formation assays

Nobl e agar (Difco, 214230) was dissolved vi a
mai ntained at 50 - C when not in use. 1. % (

(refer to 2.2 for media compositiom)whae give

guickly added to the bottom of 6 well plates
min. The cells to be used in the tumour forn
with special att entcieoln nsaodlewftMd neangshurr2e¥ aagé sti mey

with warmed DMEM at a ratio of 1:3 to give a

suitable temperature, cell solution was adde
AML cell s) or 10, 000 .c eAfltser( fgoern tMEeF sn)i xpienrg ,w €
agar cel l suspension was added on top of the
allowed to cool for 1 h to allow the agar to

foll owi ng ddaiyga @c ot aifnimeg drug i f applicabl
the solidified agar | ayers. Medi a was change
grow to a suitable size (#HBywiee&lsl y o2 Wwé&leksef
Condi teireeng um i n triplicate (3 wells per coni¢

Every colony per image was counted. Colony d
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converted by a scaling factor of 2.15 to cal
media was replaced with fresh media in the a

colony growt W weskass deasxead 2
2.11 Wound scratch cell mi gration assays

Cells were seeded ateld bpil@ahecsorff350eMOY icrel 12
full confluency overnight. Next, cellels were
pipette tip to form a woundawi hlexn @beicanifld
being replaced with serum starved media (2%
vehicle (DMSO). AWoundso were immediately im
mar ki ng was made for Ileatodbrsenrefear et e seft t h ene
24 h and 48 h), wounds were imaged again to
wound closure was complete (or after 72 h ha
wound scratchestmwgsJcahdutchbtosedrenwas recorde

2.12 CyQUANT Cel | Proliferation Assays
CyQUANT <cell proliferation assays were purch
were seeded per well. After a 4 h attachment

replaced wi-s@rdmumgedafahtd cell s wekereAfat ¢ owe
24 h, media was removed compli@Del yC pmdopl &to
in da0®f the provided cell l ysis buffer suppl
were incubated for 4 min in the dark prior t

and 520 nm emission.

A standard curve was also produced. 0, 500,
were seeded per well in triplicate. After a

pl ates were frozen and then quaend itfo egdu aanst idfe

cel | counts in treated samples after the 24
change from 1000 seeded cells. Separate stan
used.

2.13 Reverse Transcriptase quantqiPtCRt)i ve Pol y

TSCBTSEAMICel | s weraedgdowh aB8B® %6 aahfl uédfdcy. C
were washed and media was replaced with drug
(v/v) FBS) media. Cells were treated for 24
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RNAprotect

from samples using
columns ( Qi agen,
broad range RNA assay
using Reverse

qguanti fi edMdussDNWAg bQ whaidt
t 6eg/ mL-gPQRR was
(Eurogent ekql Bedhaugm s

reagent

Qi agenos
798666) C. RRNAwwasstgbhaedi &t ed
(Ther mofi sher, Q10210)
Transcri RT&88) Coc®NKi saMmplbesgw

(Ther mof i

range

( Qi agen8 0 76CL.06RNA Saansp | eexst

RNeasy mini

assay

perform™MeOXuSiyhbg

compar i ng SkkRd fwieccine nt

or expressing

Mmakyenmi x
we rged tc amewheard e d

A ML

HMB.S | nTUBAdAd MNP QQWBer e used t o & eEdeafliicsiee ndtr ucgeglel
experiments, however RNAUBAG#dAgnbengntihuenshbd
through mTORC1 PQ®ahsi buisteido na,s stohe sol e
designed-BoBBTPanhmewer e purchased from |
were optimised for anneal. t emperlafbur e
HMBS, PO8, amMINFRBFHAABe opti mi sed and
Champbiomsoci ation curves were run to val
Pri mer s:
Gene Forward Primer | Reverse Primer | Annealing CPE | Amplicon Length
(5806) (5806) Temperature (bp)
(°C)
ICAM1 CCCTGATGG | GGCAGCGTA | 584 1.9799| 119
GCAGTCAAC | GGGTAAGGT
AG TC
FN1 ACAACACCG | GGACACAAC | 60 1.9656| 143
AGGTGACTG | GATGCTTCCT
AGAC GAG
IL6 CAGCCAC|GCCTCTTTGC | 56.4 2 119
ACCTCTT({TGCTTTCACA
A
CCL2 AGAATCACC | TCCTGAACCC| 60.5 2.3868 | 98
AGCAGCAAG | ACTTCTGCTT
TGTCC GG
IL1B CCACAGACC | GTGCAGTTC | 60 2.0448| 131
TTCCAGGAG | AGTGATCGT
AATG ACAGG
IL15 AACAGAAGC | CTCCAAGAG | 61.6 2.0783| 148
CAACTGGGT | AAAGCACTT
GAATG CATTGC
LAG3 GCAGTGTAC | AAGCCAAAG | 62 2.0514 | 143
TTCACAGAG | GCTCCAGTC
CTGTC ACCA
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IPO8 ACTGTTGCAC | ACTTTGCCAA | 51.7 1.85 138
ATTGTTAGA | ATATCTCAGC
G
HMBS ATGGGCAAC | TCCTCAGGG |58.2 1.97 115
TGTACCTGAC | CCATCTTCAT
T G
VSIR CAGAAGTTC | ACATACAGG |63 1.9263| 158
CTCTGCGCGT| GAATACGGC
C GTG
PDCD1LG2 | GAACCCAGG | TTCAGATAG |59 2.0765| 184
ACCCATCCA | CACTGTTCAC
AC TTCCC
TNFRSF1A | AGGAAATGG | GGTGTTCTGT | 56.4 1.83 173
GTCAGGTGG | TTCTCCTGGC
AG
TNFRSF1B | GGGCCAACA | CCACCTGGTC| 56.4 2.01 140
TGCAAAAGT | AGAGCTACA
CT G
Tabl &r2 m2r pair sequences and optimisation.
2.14 Neurodifferentiation
N2B27 Media Composit|{Volume for 150 mL Me
DMEM/ F12THerlmo Fi-0slh0e)1100 mL
Neur obasal (Thermo F|50 mL
B27 supigHd erneetnitnoi ¢ aql mL
Fi sher, 12587010, 17
N2 supplement (Therm|l mL
Penicillin streptomy|l.5 mL
Fisher, 10378016)
bomercaptoet hanol (Si{(150 OL
Tabl &N2B2FRANur odi fferentiation media compositi ol
The foll owing protocol is the standard proto
generation of glutamatergic forebrain neuron
neurodiffermnzntcanflomefddawel | of I PSCs were p

bed

passaged

descri previousdypaaadl| AR ptl @ad edsnt cCed U lIst rwex
atl:& .r atPiSCso fwel:e5 mai nt e88i0ed i n E8
Av d red wehg RPEBAS vdietlfHo sDe
Table 2.3). IRA I Wist weX @0 mmaM n

6053) 10 OM SB431542

confluent . me d i
TRA (day 0)

LDN193189

a was swa
(see

(Tocri s, and
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evefr2y dlays. Cel |l s wle ed anyasi Autaayient eedinuf¢odrli o8ni es o
apparent. From daRA1Wi omovatr dsDNN2B2F9/ SB4315

Once -mayerned colonies wetrrceatpparfean ,2 clkl Wwist hv
Y27632. Foll owing t hi-BBS cperlilsr wtea ei nwvawheatdi ow
mM versene (Thermo Fisher, 15040066 aantd 37 -
500 OL friRahwN2B27270 OM Y27632 was added to e
from the plate by gently scratching with a 1
at a ratio of -ITMilbipore, fiF®dhe clt iba tmeLd f pleastl
N2B2RA + 10 OM Y27632:-TSI2 d@lhles ,c as es plfi tPtGPrlg r
used instead. Cells -Wéreaysa] natiweidchopoianbu

of neur al rosett®2)could be seen (day 18

When neur al roset t2e0s) ,wecred-tl pse etee bt wirtehy Y28 6 3 2
passaging with ver sZ2nmi mas3 deHDHdly)is banret df ERDcINye (

l aminin coated pl ates. Pl ates wer% (pwl/eypl)ar ed
PDL in s0Oef¢tbigmddAI-5dMG)c hb e fPo6r4e0 MR8 Shi P awiets h wli
then incubated overnight with laminin 15 Og/

ddB® at 37 -« C. Cells wereTpé@ZBsalgled. at a r at

From day 26 oRWwawds,r &gB2ded with N2B27 +RA
onwards neurites were Vvisible. The early neu

mature neurons typically forming around day

Cells were passaged again TaSt€Pdaey | 30 ats al ersatr
before, -lamimnimMDIcoated plates to account for

2.15 PSEAnockout val i dati on

Il nitially, work was carried out to develop a
repeat LCE@ROSPRYMucedSG:m d bk muti PSEICs. Thi s pr océe
unsuccessful. Fol Il owi n¢Catdhh dsulcSegk?nnoi cxkeodu tp oRFoG P 1o
i PS cells were purchased from Synthego (Redw
55% knockout score within the mixed pool (Fi
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Figure S2quenci ngS@ERIaSCGHs OPEGRaAansf @ctan gerl | s epuwd |
read showing the editedsealegdtoend (g wipde od e PNeAn ae ofu
Cas9 transfection. The horizontal black Iine rep
shows the cut site, with error prone repair caus
the cht BhHdedi cordance and i ndel pl ot show a <c¢h
t he twiped control and the edited sample around th
demonstrates abasé& pnsseencensfwilthin the sampl e
PGP1 i PSCs were single cell TcS@2nedkantd séogune

2.15. 1 DNA extraction and qPCR

i PSCs were cultured prior to dissociation wi
then fi2ddzemMMMNA was extracted using an All Pr e
80004) following the manufacturero6s instruct

samples were run on a 1.0% (w/v) agarose Tri

52



nucleic acid gel stain (Biotium, 41003) (100
Primers targeting the seqgquence site were pur
(Forwdmd BAATGCTGATGCTGCMPACCT; Rev 5606

ATGAAGCAGGGTGGGCATAG)N.Nn eAanl ionpgt itneahper at ur e of

PCR was carried out wusing megamix gold (Micr

pM (each primer final concentradihi @acheg ,wdt eirg./] C
foll owing cycle conditions were used.

Cyvcle Condi |Ti me

|l nidemdt ur atf5 min

Cycle beginj-

Denaturatio|l min

Anneal ing: 1 min

Extensi on: 1 min

Cycle end -

Final exten|5 min

Store: 4 o |o

To confirm product ampl i fi(cwatvi)o na,g asraonspel egse | w g
min) and visualised under UV. Excess nucl eot

al kaline phosphatase (Ther mof iExlpdr, 78390100
(Thermofi sher, ENO581) with a ratio of 2:1,

PCR product. Samples were then processed wit

Cycle Condi |Ti me
Acti ErBE: o 1 h
DeactkEw@be~|15 min

Stor e: 4 o ol

2.15. 2 BigDye and Sanger sequencing

Il n preparation for Sanger sequencing, Bi gDy e
to generate vacampddar tirl amgersicetnds lgf t he PCR
include 2 OL 5x sequencing bufferpl@&Gt25 @lndB
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1 OL of either the forward or reverse primer

conditions.

Cvcle Condi |Ti me

Il niti al den|5 min

Cycle beginj-

Denaturatio|30 s

Anneal ing: 15 s

Extension: 4 min

Cycle end -

Store: 4 oo |ao

Foll owing BigDye, samples were purified with

was added to each 10 OL reaction volume and

min. Samples were then centrifugeld was 4000t
of f, prior to spinning plates inverted over
all owed to dry at room temperature for 10 mi

(Thermofisher, 4311320) was adadthead ytsoce dr eosnu sapne
3730 analyser (Applied Biosystems) and read
provided by Synthego.

2.16 Statistical analysis

Normal ity testing in Prism9 was car-Wilked out
test. Normally (Gaussian) distributed data was then analysed by an ordinargynealysis

of variance (ANOVA) with TuwaeANOYAwtu | G2 pfk' <o
multiple comparisons tests. If comparing treated samples to only a DMSO control, data was
analysedbyonemay ANOVA with Dunnettds multiple com
groups only, a parametric unpairetst was carried out. Data are presémte mean + SEM.
Non-normally distributed data were assessed by the Kriskall | i s t est, with Di
multiple comparisons tests. If the comparison was between only two groups, nonparametric
Wilcoxon ttests were instead carried ovglues: * < 0.05, **< 0.01, *** < 0.001, *** <

0.0001), and not significant (n&epeatdor in vitro experimentsvereperformed(unless

specified)by simultaneous culture gkparate celtulture flasks, prior tpassagef these

into individual wells to generate multiple sampl@sie repeat represents sample collected

from one welln this sensefin =30 r e f e rb®olodicalrepidatese e
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Chapt-&E&xpB8oring I nflammatory Pat hway
3.1 I ntroduction

As discussed withi mhG@hapcttearr ils,e dt hpeh emoost ty pvee lolf
MTOR resulting in aber rmandte dedlrimagri comt ho fa nt du mc
infl ammatory signatures have altso ke erneli ateend
many of the neurologicéaB3manifammati onspbhays
roles in a variety of cancer s, as wel |l as va
mar king inflammatory processes as being fund
treatment for sucrhclcomnaiftdrontsas Laddrl ees ged etah
pat hways in TSC, anddkbessedobspeonifumablyg.ihn
serious oversight, given that conditions suc
neur oi nf {( 2amma3txd9gar e prevalent in TSC.

Neuroinfl ammation has been identified in the
vi stoades, 333, 3l6t0, sBoul d be noted thati nhmany <c
Vi ket erogeneous cell P @elfatci ems ¢SrCRAbh skeandt &
may be detrimentad inketdheeceamal ng-l ammamm@8@o ay
transcript i-pShTATa3c, t carp,p eya7r0s5 B8 Gaurn d edc omdri &€ ad o Si
thaBs&lnd wy p&62)Few studi esT h@Red iicnwextyi g at ead |
TSG2uilh wiodet br ai,n rmeaariumrg t hat we | ack info
di seasvsi ng delrli vefd D$@in tumours. Also, the
infl ammatory pathways play in TANDs are not
clearly knowrs howth®Carces wlatt i on of i nfl ammat
interplays have been hinted at i n some studi
NFeB activation, buyg#.9dlimteri esshteidn ISy, ATt3hi s pat
| 0s§S0C2.

't i s suggeXlt edi bhat omTBOR rapamycin has some
infl ammatory phenotype, provingSe&dlf $Cacy in
nul | binaoi yB6@ppWesver, the efficacy of rapamyc
neur ol ogical symptoms is not always effectiywv

epil epsy reported as t-Wonkbdr(e®i.B a3 paed dsi utfifoel
MTOR inhibition often presents side effects,
cases, can (e2a4d)Tteat méer@l wbhbbhbi MBOR must al so
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as$ heycyaroest ati c rather than gryanypwboxi c, meani
di scontinuation ofi nt veodterbhesn ts.u gAgdedsitt itchmaal Irya,p ¢
must fall within a certain time window durin
cannot reverse the T(ShG2ghi i3gizegpl ) phenotype

Data on t he fdsennmaft oanteis in TSC is | imited. \
pat hway activation (such as STAT3) has been
responseCl ohmbBORiIi on, rather than direct inhi
(49, 365,I3n6t6dr est i ngly, tredabmentitmnfdtdmmatnaray i
(367)has offered a remarkable reduction in th
standaerpd laenptt(ié8)dthugsoffers a tantalising in

infl ammatory medications for the treatment o

The aim of this chapter was to confirm wheth
within T&8Cp@ainbdomohi Vioi s would provide an init.i
continue further research on inflammatory pa
and neural development in TSC. For this, it
TSG2 udxdhi bit heightened inflammatory pathway
response to infl ammapercyo usnti emmupvaia st sh. a nAinwbid Irmdeir f
whet her this enhanced inflammatory response

was carried out with an array of pathway i nh
3.2 Resul ts

3.2.1 DaedTHFAT3 pathways are THiGReerenenal |y
MEFs and AMLSs.

The first aim of the study was toTiS&€@ntify a
deficient celTssad2 fToci edeint MEK s t-thyi gsen gso wWret @ rhpea |
(as descri bedveire ssctaiyemd 2.0I. 1nfl ammatory me
which were analysed were S536 pRel A, aBnd Y70
activation, and the |l atter is typi-6ally phos
signallingat eedhdas sa ikmepyl iicnf vammat gr pfpnepooé¢
conditions as we#¥l1lpms gliobl astoma
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Ts2TSGRef i cient or control ME FUo r o6l HWAMLG e twer mi |
di fferenti al responses to cytokine stimulat:.
with media coil&cReafoinceide bty ctohuenitrer parts to de
contributed to the inflammatory condition (F
(a) (b)
T2 Tyc2D MEF STAT3 Activation gAML STATS3 activation
PSTAT3 (Y705) (= o = = = =[* 1 s I MEF 75207 ‘§ 0.8~ C1AML 75C2)
(=} ISk
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B-actin[« « « « ~ | 2 s 50.4_ %;__
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of zero was wused fohe s¢ avwelslkt $ clhadr raemmapgdmsd stl d tlympe
replicates, as d@)s c$ asrtanm gi€la rsls &t20B hs ,26. 240@Hd1

antiS@2escued AML cells were st Umaud a2 ed o6t 510 en g /hn
for 1 h, as indicated. STnA&AT 33, a cuthipvaidtsySdas(simm v & dwer
TsC22hTWs @2MEFs were sti mull&tend,w0lttipg TNIE- f or 2 h) .
phoskhdloA and YBOATBhwepboassessedFhy dwehtaeagre sblif o
untreated samples for edabtiaespevel seweell ahiahg s
control and ussdtomenhmygpm8haWVMegabel (ty assays wer €
Ts*ands ¥2MEFs treated with eitUier m@MS3D. oun @Badi rnegd
t et .SesrtuanTg eAMEFSTS9ECAMLS were stimulated with co
serutmamTg @MEFST®EC2AMLsS, respectively, and STAT3 tr
carriedl oautd aZX therd § C'BMEFBTISLAIMILs. wer e treated for
media confls¢MEFsd DERMLSs, respecti vegliyContha odcot) as
= ,3 ovimgy ANOVA with Tukeyo6fsyearudtha ipd esdMEFmpari sons.
TSCAMLsSs were stimulated witstads@@ME Fosn eadf) nileG2a
AMLs, respectively, anghwepher RehRep YaOSTAEI s @i
S235ph®d®5pho RPS6 was assayed at TOC'SMEFIs, oand 2 h
TSCOAMLsSs were treated for TPRsUdi2WEiFtsH9@®RAMLSE , condi t i
respectivel vy, fAtcw7)@ghto sgpsh oc SMMATE8I § s al so shown gr ¢
densitomeffiyehwesley sansal y-wayd ANOWA twiot h Tukeyds mu

comparisons. Western bl obadtinrs.i tometry was nor ma
While varied in direction, this data clearly
pat hwapgseRefni ci ent cells. Two main inflammato

t hese anal ysesp.ReT hhe saep IWKTB 53 D3aBi gndfy NF
JAK/ STAT3 pat hway activation, respectively.
boT8C2MEFs TaSnAMLs when compar e®S €Bx ptrheesisri nrge s

cells (Figure 3.1la, densitometry r esuwatss asho
third cell model . These were ELT3 -cells, der
functTisal®alt hi s cell model, STAT3 and Rel A ph

residues was al so si gsidfzifdaantelnt wperld gsul atoanp ¢

Tse®Xpressing counterpart.

58



Pi xel de|MEF-vmal u|Pi xel dg AML -vpal u
average | average
increase i ncrease
Ts E"2MEF s TSAPAML s
Y70pSTAT3|1. 438 0.0141 (No sign<0.00001
detect e
TSCRx el |
S5 3PRel A |1. 828 0.0116 1.810 0.2792

Tabl eFod3.dl.increases of STAT3 amIlciRél A iTeIn@>S amar y | ¢
restored MEF andeAML ntienleld Ibiyn ense s tAevrerr algleo tp i xiex e |
densit quReetirA e(SSSEBBMEF 4 0 67756/ MEF s : ; T22C2BML:$ 6 4 0 ;
TSOAMLL402pFTAT3 (WVIWOWBMEFE8: 7, Ts ¢/MEF386 TISCAML s :
;TS®OAMLST7O0Y

The study next aimed to Bveasthway eaawthiev &teiro
attributed to & SERefaterestenscelli vity oytokine
rationale that this could account for the in
activity vwaas tarsasnasycerd pt iiomsad2dadt-wy peli MEFEL | &3
wel TS@@ntdS@2estored AMLs afterUdrr-6lalf meEgtur wi t h
3.1b). While this experiment coInSf@emedi ehat
cell sn=( MEH p = Onh=0@41p, =AML 0089) ), we gener a
di fference in STAT3 activat T8 @dkRefriocmTeSngR oakni dn e
expressing cells. This Wsa&2WEiFtsh sthhmeveax ae mtriea
degree of STAT3 nucl ear a@nf vda,t ippn= ad.teO4 Is)t il

TSZexpressing counterpart. Pr edo maéBn gmttlhywa yt h
(as acti vanedd DPTYVATBNPH at hway Uat emlbl akedn sBose
STAT3 activation in all <cell typesf The dat a

enhanced sensitivity T3yt ackieme <teil sl ati on

To further investi galtiendtuhceeBdc BENOFd sYZDE B&ATW2 e n
activation, MEF cell s wer eUcsyttionkuilnaet.e d nwiitnhi ta
experistmeat awere under power edst iamunhli gthieon sweass i
observeld2eWMERBEN when compared to wild type.
evident wiUstirmllaatidod NExperi ment s. For i nst
appeaflsc'PMEaFts exhi bited a greater mlmsphoryl :
TsC'2MEFs ( Fi gur @ h3.slcs)et of experumemeastedt s

samples of each respective d¢cell{/IMEFs2were us
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treat ENBawig hr eported as follsdc’'2MERRageantir omt un
compared ThSiCIZHMEES$ yCotmpari sons bet wane navuenrtargeea t ¢
fold chanTge'2d bTsvicé2MEFs i n REBATA3 amhdosphoryl ati
fold 4dAwomd dlr@ e c tsihweviny) . (

Di fferences observed with inflammatory pathw
infl ammatory cytokines. To | ook at whether s
takenTSG@Gxw2f i AMle/nMMEdl | s. This conditioned me
suppl emented to their corresponding wild typ
t hese ywiel dell s were harvested and processed
(Figurfes 3a 1leeogntrol, nmMeddizze¥psesakegeANMsmMEH

used f{T&Cixrazafti ci ent AML/ MEF cell s, respectiywv
by the act olfntmerdd sat icrhgalnyg,esa | argbsspivtkedr i n

1 h of +trelaStGenst owetd mMAML pekl . 0001), foll ow
in STAT3 activity between tAsC'2MEWFsanadl s20 h t i
showed a significant enhancement after 2 h o
same degree as observed in AML cells. This d
factors may play a key r dlseRev ithii eantt heelilng |l a
Il nterestingly, the peak in STAT3 activation

then appearetd Itoongdarmitniimsen points. I n the ear
we found8 Bappeteatkd to peak (in terms of Y705
4%50 min time points before decreasing at | or
AMLekl s (discussefioldtiengrebaswsinant B6pm&NA |
0.00001). TG eéecmeme, AML -tel d si atRiNeA2 sle ai 8. 5
l evel s of theCTcYPtei e0poO0O0fipaswhi ch-6Ras obeen
promot-€i gmalnisi ng as wel | as perTh)yheerefeted f
be hypothesised that the SealRdfaincieelntaceelvias i ma
attributed Iin part to an increase6 phatduthea
act i n an autocrimeyvointopmaywche nposmaininlee .t o a
| evel 6 Rofgesler at ed fr om nddrgihvweodu rp antgi ecretl | tsu ma
prediction is supported byfolhd)y ewisteldi h eSENLKS
ascertained Keiogharnb@dsfcrr 6 yp tAdhddi ¢ | dantad det, whi |l e
production does not apSpeafti toeonvntccAMLI nelAME ©b
expr eslsiippmp wlfysacchari dd T)AkoRB(N2&-0308T8HF past or
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0.00001, when compared to wild type). LI TAF

the produbtftfi om mdéi gINFouring i mmune cell s.

With the indication that cyt okidneer isviegdn atlulmonug
and TSC cthé smbdey sattempt edUstiog ndaeltleirnngi nnea yw he
a differential ef fT&e@i2e oincicemntt welalbs | ( Eiyg wn ¢ h
24 h Ddt TNF ng/ mL was able to inducewaay Si gni
ANOVA, p = O0TOOMEFswi Bt eWEFts SCAndS €2

AMLsSs both demonstratedda fd$ marledndtu cdotuito m oitn sd gln
As discussed in Chapter Usighaeltehh fateompt
fully understood, with inflammation, surviva
alongside apoptosi sniamdatnear pat dwaAh ey pagtad
RI PK1 ubiquitylation, wherei-aB hicgh vRItR KIn whic
infl ammati on, whereas a | ack of-lubkgdi apbpatobD
pat hway. Thi bepahbwagasonl dhy adp0opPMEFssi s was
after treatUmehhowghht iNE cannot be corOffi r med
note, while the data did not reach significa
activation ELI SAs $gpm MEFsuggasbithat hwigher
activati tdetiamukeat ThiRdZ hibaoi eheicounterparts.
suggest that cells whiUthdacedmoekl sdseatpt abek

TNBi nduced inflammati on.

Whil e not conclusive, theaaaddesSaclght beeprtd befl ke
exhibit a greater senisnduowed ycdlol TdNdatfrm.mi Trya
support this also, with thef dAS depndPERaicCiepn
deficient AMLfoeHdl spragdl atbof@6within SEN/SE
protein whircehc elpitnokrss ditecatthhe caspase cascade,
1. 421 d within AMLs (p = rlakded OWsse) .o fT hau sp o tt ehretr
to programmed deat ldepatvhewa y u mwiutrlsi mMmayS®2 ov e
means of chemot hefrarpye X aobtipdTed CItNededt il é mtbs per f u s
has shown efficacy in (B&éBdwewdmentthe fdatea tm
the current stwudy is not sufficient to state

for TSC patients.
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Al together, these results clearly demonstrat
not abl yoBtéaaed NS TAT3 pat hways. The results sho
specific enhancement of i nfl ammBh® @2eyf iscdresitt i
cell s, howevé@&teckaf iicsi dntk ecleyl Itshaare producing
cyt oki nes6,s utchhu sasg elple o p & g & [g i-ragyasdetiifwuen,e i nf | amn

environment .
3.2.2 I nflammatory and i mmune paitrhwaiyvso.ar e u

With a currently b-aBdiSCTAO@n faict matait ocToNE2agptp eMF S
deficiiemtwihted sg udy now sought to confirm the
repreisentiedo do this, a transcriptome was ki |
MacKei gan in Michigan State University, deta
SEN/ SEGAs within TSC brain tumouNsthoblppatthhn
patient matched healthy braiTlZlbs S&ed&l/ 8&GAd s
were compared to patient matched healthy tis
genes were analysed using the online GeneAna
processes that were upregul aftiende di nt oS ESNe/I SeEcG A .1
upregul ated genes that were specifically and
processes (Figure 3.2.1). DEGs were annotate
prevalence of i nfl ammdt&oyp-afeathieayGOuwnotulrisn
analdyisd snot reveal an i nfl ammatorAy ssingnatrur e
Bi oinformatic analysis was also performed on
(Figure 3.2.2).
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Figurel n3f.l12amMmat ory and i mmune pathwaysvade dysre
SEN/ SE(GBE&EN/ SEGA patient samples were (choll)lTdadtsed o
dat aset was used to generate a volcano plot. GO
DEGs, and all inflammatory/ i mmune response genes
dysregul ated inflammatory nature in these tumour

Cortical Tubers Differentially Expressed Genes
12.5-

Key
e Upregulated inflammatory genes

e
e
=

* Lower than threshold
. * Downregulated DEGs
. e Upregulated DEGs

usted P-Value

i
=
|

=
< .
=
°4‘)2.5
.3 23 Cortical
'0_0 SEN/SEGA £3 Tubers

. 121 54

5 0 5 3 s
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Figure 8n2l ammatory and i mmune -ppaattihewaty sd earriev eddy scr
tuber s. This figure is similar to Figure 3.2.1,

150 upr eguA actoendp abbEEGso.n bet ween upregulated infl a
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SEN/ SEGAs and cortical tubers i s shown, demonstr
infl ammatory genes in this GO analysis (23 share
number of DEGs was used inl ower coumbeml ot ubeer aln
dat aset .

Data collected from the SEN/SEGA transcripto
di fferentially upregul ated pathways within S
upregul ated DEGs in SEN/ SEGA presentteesdn 64 hi

20 terdisreaerlky related to i mmune and infl amnm
hi ghest scoring terms included 13 terms whic
respomses.l menuee response, antigen processi ni
system process, antigen processing and prese
MHC <c| ass dglammmeaendtieartfeedr assn gnal | i ng pat hway, r ¢

acti vateinonp,r oacnetsisg ng and presentationsoxf exod

l' 1, neutrophil degranul at-medj at etilpamipswealyl yng
innate i mmune response, complement activatio
|l nterestingly, many of the genes which were

similarities to highly3i7ayvashpwtehgl i bl &y t loima
the most significantly wupregul ated and downr
were identified as directionally matching in
SEN/ SHGAS)Si mi l arly, ontol ogy -dat @ah dpantomwsd y |t

which were upregulated in the top 300 upregu
NFeB pat hway. This demonstrates pdoetreinvteida b rsaiin
t umoudr scaannc er ous brain tumours. Similar ont ol

downregul ated genes in SEN/ SEGA driedl antoetd r et u
pat hways/ GO ter ms.

The same transcriptomic analysis also includ
patient matched healthy tissue. An analysis
similar pattern to that in the SrEN/BEGHIST e avti
to inflammatory or i mmune response. Of note,

Tumour Necrosis Factor Productiono and APosi
thus providing further suppordyttoki nde dquyipadit
infl ammatory state in TSC. The 16 highest sc
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i nfl ammator y/ i mmu-aBe wmarso coenscsee sa,g aamd oM of mar

infl ammatory pathways in tubers.

DEGs from SEN/ SEGAs were plotted on a volcan
and a |l og2 fold -@@hanfgel défwas Oudbdadltdo/ si>gni fy
significantly wupregul ated or downlrye gsud cartiendg

section of i mmune/inflammatory pathways were
the highly inflammatory nature of SEN/ SEGAs

generated with cortical tubers3wRi @h.demonst
Sin
( Fi

ce differential Rel A phosphoryl ation was
g
generat ed. Here, -aB raggé¢ acolrl eacntdi oaanr gae tINigsetn €
e
0
e

ure 3.1), a -aBemet al idseyra pveehdd 8 Wormfio uUNFs was
devel oped by the Gil more | ab atkbBgstnen Uni ve
resour ceesneasalr geaccessed November 22nd, 2022)
gener ate vol-eBarned aptleodt sg eonpeasNiFneintth itnea NMIBU@ s 3 & F i ¢
anidn $i2fi6d AMLs (Figure 3.2.3b). A similar pl

derived cortical tubers (data not shown), wh
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FigureTSEk22fB8cient cell s dNdaBo nssitgriaadl)@oBdnygergalid wlt atr e ¢
and target genes weder ipleod tEN/fIBO@A tdaet gsaetti,e ntthe
was descri be(ddi @i mi gareaBallysis was per®itimed in
10nS€AMLs. Both datasets showBssiggndlilciamg.l y dysr

This data hisBhbighasl ihgt bHEomes d¥Bsregul at e
Il inked genes are both upregulated and dysreg
tissue i n SENDOBE&EG2Zesx,proers s6e2dl AML cel |l s, a genc
be seen within upregulation of the infl ammat

confirms a highly inflammatdery verdyv ibm@an me n tu ma
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vivoand furthleSGletiggeens ©Ttkeal s propagate thi
enhanced cytokine secretion, enhancing cytok

attracting I mmune infiltrates.
3.2.3 STAT3 hyTpsecrZ2MEFsvananobei di-aBi riinshh éod th yo nN

With confirmaBi andtbahet henNFammatory pat hwa
TSC pateirentd tumours, the study next sought
t he-aBNFand STAT3 patTsvich?y{ aTds cTAME#Fs wler e, treat ed
BMS3455419pri €h 8 KKtobrr sSSTOAT3, respectively (Fi
BMS345541 is a highly selectpwvef emdéntbiidlori roh
| KBt o W(KX7T1)898 bismpeési fically with the Src hom
STAT378)

MEF STAT3 Activity
(a) [ ] MEF 75c2079 (b) [ ] MEF rsc200
[] MEF 7526 [] MEF 75c26
;, ok 2‘1 % ok %k k
2z 037 *oRA ok = 057 .
5 3} 4
< 0.4- < 0.4+ .
(g} © *
= 031 = 031 .
& 02- . T & 0.2
@ . .
2 01 2 0.17
k: 3
é) 0.0- S N N é 0.0 1 N T
& & & SHE
SR & & F
9 § 9 &“:
D O
&
© N

TSC2™) MEF p-STAT3 (Y705) and p-RelA (S536)
after NF-xB Inhibition

*
1.001
0.754
0.504 - 5536 pRelA
*

0.25-
= Y705 pSTAT3

0.00 T T T
Oh 2h ©6h
BMS345541 Treatment Duration

Relative STAT3 Activity/p-actin

Fi gur el BKBhilbiesuB®ATHh hi b mtSiGlenf i ci ent cell s. STAT3
ELI Swesre carried out fr omTs@t Ralnd@ac'2MEyFssa tt erse apt reedp awi
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ei t&HerDMSO, BMSM 4kbr5 8018#B f or B4 TONFn®gO (mL 2 h
treatmentjeat ment pwe tM fBdWS 3244 5mril=3bs twwanyd i AdNaOIVeAd .
with Tukeyds mukbt iWelsd ea axmpdRatls Aan(sEI5AHA T Zn(dY ®p0 5)
was per fTetBdBFo®nafter treat mevhtf owi tehi tBhMS 3 405 5h4,1 25
Over this time course, BMS345541 di mi 3j shheel both
way ANOVA with Tukey.6sWasun tblpdte cempiatrdbmetnr y was

actiand relative intensitysignabrmatiessdtiyo the

The i mpatéermftlreagment on Rel A and STAT3 pho

BMS345541 and/ or rapamycin was also investig

Rapamycin +
(a) BMS345541 Rapamycin BMS345541

Time(th) 0 1 2 4 6 2448 0 1 2 4 6 2448 0 1 2 4 6 24 48

-STAT3(Y70§)|_——-- - "--__._._- U ————
S e rrrrre
p-RelA (5536)|T"muwl

P-TPS6 (S235/236) | s s s s s ||- - |- |

B—actin|--———°-"-— ——-—-"-.. - - - - -|

(b) y705-pSTATS3 after NF-kB (©) (d)
and/or mTORC1 Inhibition

Ak

-
]

-o- BMS345541 5uM
-8 Rapamycin 50nM
-%- BMS345541 + Rapamycin

[\ w
']

o

Relative STAT3 after 48 h
[\®)
1
Relative p-STAT3 (Y705) after 48 h

Y7(LS-pSTAT3 Fold Change
"
*
%2
%

T T ¢} :
0 6 24 48 T
Treatment Duration (h) N Pr

Fi gur eSTATRB. 2a.cti vity is regul dtk&kd hii rba)a i minphgsi c |
Phosphorylation states of Rel A, STAOGGuUur smd RPS6
treatment esMi BMS245H%41t, 550 nM rapamycin-100r a con
AML#$=3) b) (Subsequent densSTATMe torfy Fa nyadrnyesA3sO3fdo.r om
with Dunnettoés multiple comparisons tests, compa
(©Anal ysis of the ffoal d odhad n SeElATPVBAIRB oL &i7TIOS5)or fTr
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3.3.2stern blot densbhaotfied . dy chwasgesr mali sedotr d
samples of each respective treatment condition.

Crosstal k baBt wmeeln STAE3Npat hways i s a previou
prominent in a range (879 cabhmetrisese ncil udumgt @
upregul at e-dB tshurcodt gawso NIHd dr i ve ( STANTh ea etf iovr at, i
Tsk'2dnd wype MEFs wer eMt BBISB485W 1L thoi7. 34 h (F
an inhibitor o0-8 Ipkak hwiatyh eMa <3 H868d NBE TaAsT 35, i nhi bi
and relative |l evels of STATStacvawvaononAsepe
observed, STAT3 acfiiSseRdfiiomi @t hdelhlexr. wi4 hh nt |
BMS345541 decreased STAT3T&GERda fviadiieomt sd eglnli s ,i
the twiped counterpar-9. r ad60éAdEPpeatedyalCil88 i n b
The apparent selectiviSGlRahi di ¢ehBEKoafb&STBAYPD w
seems to suggest thB$CdZETATC3 eanctt icvealtliso ni swiptrhoif
NFeB pat hway. This data hint-isnfaltlampmdateonty adr be
treatment of TSC.

To further conf i-8Bmitntheé bii M1 i EEist, hddre INIFs wer e
treated withbhf &0 gl mLFiTqNFre 3.3.1b) followin
BMS345541. As before, an incr elstei mnl StTIAGB a
(parti dsk*¥MBEFRs)i.n As expected, this increase

| KKnhibition, debwastaatiwnat itmgtSEANFatthwagug

To investigate thisTs@WWEX&ISI weg ectt os¥sat &Ildk wi a
BMS345541 for shorter durations and Y705 STA
3.3 1KKnhibition could reduce Y705 STAT3 phos
points. Buil di-In0lLScCAA MLhicse Idlast awe r6e2 1eM eat ed wi
BMS345541, 50 nM rapamycin, or a combination
6, 24, and 48 h. Rel ative | eviedrms @i TSYIrATB5, R
Ser 536, Ser 235/ 236, respectively, whKKanalys
inhibition ultimately |l eads to a reduction i
treatment first induced a transient spike in
This is notably differ &@s¥t2MEoF st haen dp artetfe renc tosb s
compensatory mechcamisssms ad rkd bpeda tweseag/ xtplee t tewlq 1
rapamycin treatment quickly reduced rpS6 pho
MmMTORC1 activity, but was generdl pgospkoéfgkat
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The slight delay in reduction of rpS6 phosph
becawsSeb is not directly phosphoryl ated by m’
downst m8®ORCAI6KA combi nation of the two treat

activity as well as reducing Rel A and STAT3
transient spike in phosphorylation of STAT3.
3.3.2b), hdaghdiifgfhderienmgc eash.e The overall fold c
O h time point are shown #SolTrAT3ot(&l7 0STAT3i(gFRuir
3.3.2d), further demomfsitammatnagr y hac thiemietf y twii
treatmef the two inhibitors. It was previous

activ-aBi(s88RmwWhi ch may explain the delayed red:l
obser V&@klReifnn ceiunppo M MBMS345541 treat ment . Furt
of cyt oki n6 stThSa@Renf iacsi daltte AsMibsj ect ed t o may bc

bi phasic response through trans(c3rgi3pti on targ

3.2.d4B NMRctivity controls dysT®e@XWMased cytoki

OQur previous data showed i nt eaBexatnidn$STIAM&8nds
si gnalTlSiclgf i mi ent cel |l s. Notably, hyperactiyv
via i nhli KK tainodn tohfi s appears tophedpberléaceksd

STATS3. Meanwhil e, rapamycin proved generally
infl ammatory phenotype, while a combination
enhardadctri on in inflammatory signalling. We
factors were |ikely playing a | ariggenalod e i n
(Figure 3.1). Therefore, we aimedinovideotif
model . To accompl i sh -@ hamd MEB&F A owacse natsrsaatyi eodn

media that had bedaOlSECRMAI-160RIHERMDb yc &12l11s ( Fi g
3.4a)1l.016 AML cel |l s wer e @alnsdo osrt irnauplaantyecd nwittoh
crosslinksaBbemme&&ad NFTAT3 signalling (Figure
t he | nmpKakcetr soufs mMTORC1 inhib6é6tliewnwelwas( Risgalye d:
Lastly, tlhkeKri mpTaGRClofi nhi bi ti on was assayed
3.4d). The effebtsetrea®@BAmMmys nwaosnalldo assaye

rapamycin -6 necy easemalllIL amount (data not show
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FigurEnlBadced cytokine secraBti €pto&dnnkemedgal abea
was assayed bMeddlLa SvMas (cdMABECWon-6A@BE CAMR &

prior to collection -datli anahysAbMLS i  fe@hdSXKEGCGHFALC?2
than theXxpr eSCi2ngnx3punhprpdEBELAMLS were treated
various dutati 6nd ofapBEMNMEFci n Uwind6 lome dwiia hcoountc ebnht r1
was deter mi ne-éBpwiteahsvalymBhAat NEmc v e és andk Eli la

concentration, whereas rapamycinUpapadamgednndéuett
enhan&eedneldi a concemgayvwt ANMOVA with Tukeyo6® multip
|l 6 medi a concentr at i-loOnl wAaML sd eatfetremi nterde aitnme6n2t1 wi t
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BMS3455eM1 DO rapamK&nhi BOtnb®n with BMS3465541 wa:
secretion, wherefsseapamyonnbfyampdp dawky maANOIVA 3

with Tukeyos mub)ffiSg€ldeMLso mearei soresa.t ed with BMS34°¢
and secreted VEGFA was anal KKedthilbytEbhSAiddh BMSGE
reduced VEGFA secretion, whes cectwmegr aApOmacwint waBuk

mul tiple comparisons.

3.2.5 Cytokine and chemokine profiling

To assay a range of cytokine and chemokine |
on | ysat etsypfes Bi2MEAsdt bef ore Uandaaméet {[TNFgur
The rationale behind this experiment was to
enhanced or | owered between the two cell typ

infl ammatorgiscemolhuski nes and chemokines ar

related to infl ammgt3igdd)sawiptl lreisn wkemrai i ytswerdo warss
kit manufacturerods instructions and protein
reagent. 200 ug/ mL of each sample was added

according to the kionmanwfbabtarér dalriasyspoear
film used for analysis. Films were then scan
determine relative protein amounts within |y

per f ornmexd 1las
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(a) MEF Cytokine Profiler (b) Difference in Protein Expression
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SHwmEdRe g EIRTog 0T gEAL0
5 c T 7 s °
b=
]
Q 2000
Fi gur eDi3f.ferlent i al i nfl anmMmm&t2bhlds C':MEF sv,ats hoonwnb ebtywe

cytokineaprRoefliatiinge. p(r ot ei Ms e #philde 6*MEds ,| ebwe lhs wi
including or without UWWoeat2mént Swiotwm &0 end/hmlL f DNF
membranes used (top right), and the pix¥eaelxedensi't
density refers to the value obtasreredtbyei mageear
abundance((bpemfheamplvel s of ptryoypei MEExpwerses i ombti ma
their exps@&EiFens sthmewidnigf f er enti al eoBprad hiviagyn wi
stimulation. Positive valdesdsi cdermit MERSE dtwer dexpr e
stimul at éJd 8W@i/tmL TMRF 2 h prior to |lysis. The diff
expression was plotted, TstHa'wi INtFdmb F at eahi whenea
compar ed ytpee WIEIFd . Positive values thédrefore den:i
stimulation, whereas negati TeCIMEIFBess CDbatw 1a | es s

exploratory experiments.

By examining the expression | evels of a broa

understanding of which inflammatory/ i mmune p
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TSC diseased cells. The graphs within Figure
bet ween the two cell types. Perhaps rather s
of CD54:nfd apmnat ory r eceptlofr3supiatl sionh ykme IWME Rass |
afteUstTiNBul ati onT,sch2MEF&bitsinsthetelTe6&?i'ng, s
MEFs antdypwei IMEFs seemUwothesponeéasedTREI A an
phosphoWkgibheibhis highlights a differential
i's I mportant to also consider that the MEFs,
reflect the microenvironment and patithrway al't
of TSC patient s.enTcoe sd ebneot wseterna tmes edgifefsegrs h @ md a t
shows an ufrCAgdfl 43is5@® CBMLs when cToSp2ar ed t o
AMLS (p < 0.0005). I n anot helrCAeikk mpd reg g wlalnatt en
within the cderthiacal viagd EsedHanweEfee r |, it is i mpor
t his st udlys lorcautshesdc 20fitn@ NnSEN/ SEGA transcriptor
significantl AMEWhI @ahh iion @dodleexpeasei 6mai s

increased in patient tumours. Altogether, th
infl ammatory maflk @dreanosnnsdh ads It@GANM t here i s ¢
knowl edge of i nfilndrmmantmadn oaandvineidrno TSC. Furt
knowl edge gap may notibesregsohabtymmbhl gdayw
demonstrating why novel model s, such as the
are needed.

On the flipside, we see a 3¢ 2WEiFrsg bwprhegwl at
unsti mulated conditions (Figure 3.5.1b) and
expressed at a higher basal Ts$&@x'ell,| samd teexpr e
stimulation. Figure 3.5a also sThsdi@eélt hat wa&XC
hi gher than uftsti mul attyepde oMHFISNE @X¥YCL Ihf | ammat
protein that bel onsXCtlds taet iGRaOt-aBd ptelormeaung it yN
binding, and i sUotrhiiss taihrjule 6 d3 &yt AINF t he br ai
binds to its receptor, CXCR2, which is prese

oligodendrocytes, and 0388y CHERArscymel arteocntr
the recruitment of neutrophils to sites of i
el ement. Seizure onset can result in enhance
endothel i al cell appElhirs doamaphenreesgomnusé neut
in increase(d389nNEdmammdadd olnevel s of CXCL1 as w
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wer e
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prevent.i

within ¢

cel

d wes

ul ated within the profiler) (Bawe al s
be sBoasdubkd tkpteBBEi on of CXCL1 may
protein which (iTsC¥MBbRN it O®@L A.prNatu

| |l evel of CCL2 e xpirseshsiigofhs lovhieénn tnhoet

n comptaypd ¢teltdsve Whédfold increase

i Wins wvsiitmhi | TaNF bet ween Dboth cell types,
ntly responsiveness to cytsekline stin
egul aTts&™VME PpPS o&B8FE Nn@n d n CXACWI1®R .bd tn acthe d
prot-EBR argr EXELDA déc GUxatsiermulsdti ighri
MEFs, whil eTsd2VWtEeFass. i Mgl dd Itii gomtally rierp e

nt would be required to determine if

is data is underpowered, 1t stildl of
o TSC. The data may suggest that son
sitive to inflammatory ¢$hiemAMat ROA t
neBdlatmked §&nes (Fi guwR I13i. 2k €d ) g e nweh
gul ated whil e ScEtRléerci eante AMwhnregul at

set of proteomic profilers were perf
e identical to as in Figure 3.5.1, e
ed BTheagesimel aNFl es s ermr vter &ros p arhti ,b i tt|
ng c yltha ksi nvea sstgeaTrditairhotecdhteanoie v @ ke s

elals liysategpossi ble that many cytokir

attee skectr leit $s oncemadi i, gudiatiacamppleym r ed.

di fferent cytokines were detected, and at ap
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() (b)

++ . /-

+/+ TNFa _/- TNFa Difference in change in pixel del.lsity after 2 h
v “ : TNFa (+GolgiPlug/GolgiStop)

Protein expression in MEFs after 2 h TNFa

o W = -
. . ) N - m
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: 2 O ¥ & ¢ & ° ¢
g n S -600
2 | . :
3 | |
=i
£ I | |
i all B
W 75c2¢ WM Tsc2D W Tsc2D  Tsc2H
+ TNFa + TNFa
Fi gur eCy3t.obki2ne profiling with(@i ntRealcaetil wée apr datreaini

expressionTs@2aldswwpehMEFsS, both before d@nd afte
30 ng/ mL, with the addith)omhef dG6f grhaoag &andcBah
expressioUstafmuerat T MBES wamrdy pnei IMEEsExpl oratory

experiment s.

Notably, with the addition of intracellul ar
again at a slightly hiTgb'@MEHAse v(eHi gautr & a3s.a5 . 2eax
stimulation caused CXCL1 (and CCL2t)ypexpressi
MEFs rather dédfancitédeircdsdslerparts (Figure 3

preventing cells from being abfaertbhesest etmal
pat hways are also inhibited, meaning that ov
expr esgieadrusc eadr.e Once again, this data is | i mi

i mpression given is that TSCcf{aod her makgl gh

dependent on an autocrine signalling mechani
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3.2.6d&esC2i ency conf B si sleinsiittiioonty to NF

As previous resul tTsSeRebwedenat seeki si vot BMSB 4
di fferenti al respo+sB epat lowalitt iveaad § MRy pdt h ehsei
NFeB i nhibition may have T&&GCRet ectene cgltls oxT

TSGReficient and contr ol cells were treated
under serum starvation, and a l|live/dead cell
propidium i odi dede pTeon dceongf, i arlpyw pdaosesmaTsgelider at e d
AML cell s were also probed for PARP cl eavage

BMS345541. Leapbptofictdhewaneic BGphar-teypbdet wee
ands ¢CMEFs, and after BMS345541 treatment.
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FigurleKBnibi bi ti on cause¥FS6deelfea cctiiemna cceellll sd e avti la bii A
performed over a range ofl SERefcienTt & @2 powmeadsoin gBMS 3
MEFb) (ELT3Xx) AMI ng el I3avaoy ANOVA with Tukeyds multiop
ATSCAMLsSs were trrdaBM83 w5541 150r 24 h and assaye
by western blot EPAREP anidv Calapapgles B9 T -2 meetraen ni B C
compared WwiypeTsachMEBEd) (BZLI evels in MEFs after tr

BMS345%3410OMletermi nedWdbyt avest lelr mt bd ensi thometry wa
actin.
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| nt er eTsstCi2MiBFy , di spl ayed a significantly grea
induced cel It dpeeat(hFitdhuarne wd.l6da) . Thi seMwas par
BMS345541 (p =¢M0.(®O ¥6)0, 0ObMdb )10 However, it st
di fferebckestyncanabe seen at earlier | ower ¢
without reacHlismlde fsiicgineV/ti clallnlc3e . di d exhi bit a

t o BMS3i4n5d5udcle d c eTlsle Zdeexap rhe STiBmage eHLITS3, al t hough

seedmet o be | ess sensitiveV3t hcaenl | ME Fhsa d( Fai gsuirgen i
di fference i n viab3 |laddlytM; oat|9 ataeEdMil® . BbLST 3

unli kely that i nduoffomaofbetekffeeashmasi des
concentrationshasi asbhbewBM6E84bB4&el ectively in

concentratiop39Lp to 100 OM

Convefl Sekeyf,i ci ent AMLs appeared to demonstr ar
expressing AMLs exhibiting-iadgreat erel 4 e dsiatt it
3.6¢c). However, these trends did not reach s

To further cofimidnmeBMS24TSce bt i FBECRcal | s,

AMLs were trcdaB®8 amnd hpnédbed for apoptotic m
3.6d).-3Casdpavage was clearly detected at t he
al so shadwnasBBMbhdu@aedpamti c mar ker ,evweass dent ec
TsC'ZMEFs TshcA2MEFs (p wnpPaid®wd®d , Conversely, Bl M,
apoptotic regulator, wasTedPMESEnNsfedBnpmai madht h
testp = 0.0009, daapomiodt isdcxopvmwd = iTanleBm@minttest ed
significance diff2repgeamwsast aechssccE@s e B&Ed ewi
treatment withl| 886B8deaTs5d8MEFnsd (Fi gure 3. 6f).

|l nteresti neleyy,uemML NnRINABLLiZs sdomrse of vehddd ath ca ela.

wit iSs@GRAMLs when cToSfpAaMless tm = 0. 02BQLE2L1 Mean
Bcedlis expressed at -fao |sOISIE@ML si n(cpr e=a sOe. 0olf 3 913.)1.
However, perhaps most sdB4 inkliuic gagiogr¢oxtprce srseigaun

CFLARwi t-fholad 2i. @cSréézaMle RMA s equencfimlgd dian ar eeans
in SEN/ SEGAs (both p < 0.00001). These apopt
NFeB activity, meani ng that -aBe icsoupladr tsiuaglgleys tr
for t-dhyet ommtomxo fc mapgamyeci MSARe ¢ a iclinlesmt licredeed, | &

di scussed data seems to show® tkRatlsapamMEIFs.
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Conversely,-appdptfeel®@®K e prxpfebdedower in SEN/S
mat ched healthy tissue, it TiSsC2ZeMLpsr,e shsuetd nhatg h
TSECARMLs. One study demonstrated thatHrtkumour
were particul alrleyl asteends iatpiovpet otsoi ST NiF® @ yFoirn g hliis

reason, we might muaawke dd yp e mtce e atse ds d e vee | of
experi menttsr evatt me TN§, although rationale for
3.3.1.

It was previously identified that =aberrant n

resulting i n an i ncr-eBasreegunl attheedB QteZaedst rsiupcthi o
BCL(239Bgnt@mipopt ot i c -2p raontdeLliBnosip,r eBgcul ati on i s oft
(394)Sel ective cel | THE@ZtfH cmeaeyt Kdathrd bwiatf tbiem d u ¢
reducti-apopthotaint i pr extLeiam@. BlcaheasesBchgly, th
has been shown to a2someaglaSh@e e bpwoatgd!| aheubB
increaseapoptbei(@adati vity

Previously, it was shown that cells that exp
t o BMS3i4n5d5udcled apopt osi si,nhin@i thiuon hea umpe e Red
of -apoptotic genrds896)0Owvelradilng tBels sel ective
with BMS345541 treatment demonstrates a stro
TSeGReficient cells for survival, -apdpposstCbl

NFeB t arget genes that could be exploited in

3.2.7 -8BheaNFhway is diff&s@2MEiFsl.ly regul ated

Since cell s wapphe arnatca ibvkeK BTRSNB2i t i @ ( bot h i n
STAT3 activation and cel |l -aBurinwi Valk)e,| yi dystramng
theseFareldxsa#® leaect INFi ty may-shevpwvaeaptagaangnafgspr
el evated | edelf iwiitemitn cE$SC23 aBUpiognéSIkGIZi bg f i on
deficient cells under gwve e ltadp agpettaatshi sd uper ottoe ian

expression.

Therefore, using transcriptiofat 2dahedt iwidtdi on
type MEFs wer e assay-eBd sfuobru naictt i RrealtAadf na eorfwetlhle
treat ment &M tBAMSe3i4tShbedrl 1o 50 nM raBamycin. TI
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inhibitiUloesponINFeness were also assdlyed by
for 1 heMaBM&B4B3581ltreatment for 24 h. We als
rapamycin on STAT3 activity in MEFs.
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a b
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FigurMFeB, 7unl ifkies WoBEBR egul at ead] RBIFrAughamIORCHL i
activation ELTSAXYes CTANEFse daKdkneSTAT3, or mTORC1 i n
(b) C/PEBRBNscriptiofat WalstciMERs anfittehri INKKh$ DATt3,0n o
or MTORTICHTsCMEFs were treated with either DMS
transcriptionalnaxxwloayt AN@HYA wiststayeuWkeyo6s mul tip
(d Rel A transc I Tisp'iflosrcaMERS t afvi ¢y t mldoaTtNe ntt  wi t h
rapamgci QUbEBRBNscriptiTeR'@&dTsdctMEFsSt gf i @ar trl@at ment
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or UONFapamy.cimp dcodnepar edvalyy ANOYA with Tukeyods mu

comparison test.

I f the assumption i s made that TtSled®Re [SITAT8B8npat
cells, it may be reasonable to statE that as
pat hway i s also hyperactive since there are
to say teBapathwaWFcan actitviart ccu-gBd eNDFEB TATd3 pat
factors-6sucandas nl Lt urn STAT3 activation can f
which then in turn s-8Bi(B8DFtueg tlhetrmoS3 BAT 3i ta nhda <
thateBNSubunits and STAT3 can interact with o
nucl eus, gr aort i-Bnnga nesictrhiepr¢ 3[@BrAca ) effects

However, previous r ese-aB cahc thiavsa tdieomo nisnt rTa3 G di
t hat a SIdR2smsccteeifronei t her actoBviaaseedrometphe sge INd
(48)For this reason, it was interesting to s
unstimulated conditi ofdsc'@hansd nwitl ds itgynp & i MEaFst,
since prior blots (Figure 3.1) shiegnedar tRelsh o
nucl ear activity has beehsaZfoiwani emt samd | exprs
MEFs however thi s( A@A® Kinrhd edri th yopno xbiya BMS345541
di mini shadl Rel(lRagunei 3 y7a). This is unexpect
BMS345541 to di minish RelA activation in bot
all osterical(l396i)adn voartsienlgy ,I KKXT ATO3 iinnchriebaisteido n
Rel A phospfiet'$MEaFtsi,o nb sittPMEdFts, demonstrating d
infl ammatory pathway regul ation and compensa
BMS345541 also signibdcatainistyVNdiifmi nips Fe d . ©/0DB
but not wildtype MEFs (Figure 3:Rebl)A wirrec e I
observed in prior-leoxmdreidmDiNtAsg RBelt Anwas emael a
unchanged, thiTsSGieyi suggéeéstethat have a great
that can shuttl e aiyntad stohe nneclaeus wi Rénl Atrher
as STAT3 for alternative inflammatory signal

inhibition with rapamycin appeared to slight

C/ EBPevel s were (girs&€d@dVMERs ewlrremteampar ed to wil
0.0034) (Figure 3. 7bbi.s Tdn si nfsl ammatcdreyd ,t raan
that i1 s upregulated by, and i n -Bu4aonl,f4ddrher
this reason, i tbaicd ipraagsdioml @ st HaithcQ@/i BBIR ng as
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downstream of STATRBIl. e Vsl £ xplexcd eeldy, mwi/rErBdPr t he
STAT3: an increased basal activation, a | arg
treatment, and a smaller reductioni ngl yactiinva
contrast to the previ buelspyonsen eBEAB3 troe g walpts
be greater than the respdesi mahassonho BNMSB3H4A
effectiveness of rapamycin i n ar ead ucriamgs cS T AdTt3i
activation ELI SA (Figure 3.7c). This may sug
C/ EfBaPct i vati on whic-tiepeprpdente mMIORE€Ltampl e, S
activated by mTORC1 via phospher mmha@aRpbermn doem tS
pat hway i-6ByoWwhi ofg I-ShTdAurc3e g hYo7s@PpSJoarnyul sa tKiionna svei a2
JARKR2 However, the btonETAE3 waeni CV EBPi s | i kel
STAT3 inhibi-9i oausedhaCdBa&mabtaicd iivradn eans & oirn b
TsC2MEFs and wildtype (p < 0.0001). This may
C/ EBaPfter inhibition of STAT3, although this

l' iteratur e.

The ef f eldotns torfanTsF i pti on factor activation |

TNBcauses a significant increase in RelA act
that treatment with ITag'@yFs ntlbhppNsFd res i thg Red
activation, or -oBtdacetriwy astei e utsterdo NdFh al t er nat

Converséddiyd MANF appearbacbvi eabhaonoesChHEBPi cant

This is unexpected, sildwas web |lwo utltall aeoxtpievcat e h
consequently activate STAT3, we vwowdIdearl so e
activity. 't i s posUsithlmaltaltatont hwea sd wnroat isarf fd

C/ EaPcti vity through these two separate pat h:
decr easebaicrn i GliskcBREFmMs (p = 0.0044%lu,s-aBlFen with
activati d@Oveirah| TNEhi s baecgges Ty Cc'@WhEaRsi @/sEBP

Il inked more closely to mTORCLl-aBh ypetriawittiw.atlim

this has been identified previously, wherein
decr eas elaind CHlERMRIOB)However, this decrease W
shorter, truncated isoforms whOaL)6oacéer asl yep

more recent stTodflefii denent i mact h@ahages expres
C/ EBtPhat coul d be r(e4sQt59aletdh cowg hr atphainsy csitnudy di
examinel ocal esed bdDwteirvwed | C/ EBP seems t hat mTOF
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significant role ibmacthei mydulparttocwcubfar CVYEBR
of CBIESBAPf or ms via c04ad4)dDhi ®f c o m-8Bn @dniads iSETIAITIB N |
activation, where the inhibition of mTORC1 d
phenotypbe s GnhbBBR t o exhi b-&t pcaartcdswvatyal K pwicti i it
C/ EfBcPan pr o-aBotsd gMFR | liivneg rbeyg aBegguadten of |

An ELI SA for active nuclear p50 was al so per
C/ EBPespite similar patterns emerging betwee

significance and demonstrated partdtcudeed y I

shown. 't should also be noted that the data
(Figure 3.7a) also demonstrated very |l ow abs
statistical significance upon anal ysi s.

Ultimately, this data collectively suggests

interplay that -oB,cu3TATBet vaenedn otthhee rNHA nf | a mmat
TSC di seaSedl skgetwénmay postul ate on reasons

are |inked to the pathology of TSC and curre
example, it is known that rapamycin and asso
growt hpiamni B8€Cs rather thaf3%)eFiorg tshe lse crteiavseolny
di scontinuati cechrafhkmoe rtsr gatome btac k . 't may Gk
rapamycin fails to fully terminate TSC tumou
of -purmvival signals from i #B | ammATATr3y. plahtehswea
observations suggastmenhabtl papamgchnottsuffici
within this TSC disease model . 't further su
combinati-omfWwiamima &daod ji uensc ta st hmenr apy may of fer

efficacy to restore the disease state.

3.2.8 I nflammatTSGRediignalnd WML KKK be reduc
i nhibition

Wor k presented B®E@Red iicn ckindatceed ltsheaetxhi bit a r
infl ammatory phenotygegpewlten | csomp arfé ca mmat wir ly
upreguhawedbi n the SEN/ SEGAs and cortical t u
of T®&Cated infl ammat is® np atplpweay,s wiot b en dthaeb INy
responsebsdhdemppe MEFs upon its inhibition

consoilmdshdateai wi dht aoby coamplen xgwlhii®om wer e s
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dysregul ated within SEN/ SEGAs aind ¢ ihfolseel iwhe c
model s of TSC. Wi th such c¢close signalling cr
TSC, the next stedg Kianshitba tii dewn tciofuy dwh entf H eure n «
infl ammatory effectors in TSC. > s
TSC2(+) TSC2(-) & S
(@) AML ___ AML S5
TSC2 |- e - g )
S5
p-STAT3 (Y705) ——— p-STAT3 (Y705)| e v =
P-RelA (S536)[ v e s s e p-RelA (S536)[= T =
IKKq | v v v o PD-LZD “e.
IKKf | = o o o - CD74|wm v
p-IKKo/p T e
(S176/180) — TACE [ v v
VEGFA -— - - - LGALS3| =
PD-L2 3',,: * ANXA2 | e o= -
CD74 - o e VCAMI1 | — -
cp36[ T - ]+ p-rpS6 (SZ35/236)|— -
ADAMIO | &= = & = w» B-actin| e - -
TACE|" = = = = ==
ANXA2 |w= = = = = - TSC2(-) AML
= Protein Fold Changes
LGALS3 [ s w o= = o
B sVvis3sss41 5
vCAMi e 8 . Q 2.0+ |:| Rapamycin 50nM
P-TBK1 (S172) [ s == == w= w» |- ‘g %% e
. =
ﬁ-actln . —— 1.5+
:
o 1.0
=)
=
=
00.5-
=
=)
=~ 0.0=
S o B g2 9 2 =
S ERC 4758 =
Lz w =5 °0
N o U
< [ag} o - >
T =2 <2
2z
& »n £
&
=
FigureDy3sr8eglul at ed p MTSICRAIML se xmprnensosi dre ifrul Iy rest
i nhi bat Westefn blot panel demonstrating dysregul
TSCAMLs. Cells were serumnst=ar8pa éretttadt.e2:4 thhips i or
western ibsl odderpiavneed from t he same set of experi me

85



figurkRi Belladensi tometry was aunsded t o det
signi mulctthesidy walssdet erimi oedaibg
€M oiwd nagb It eh att 0 2rde chu BeM SSBX Hr5€
rapamypwaon AMNGOVA ewsist he fTfuekcetyibwse .m

sbl ot

anal ysi s

statistical corre

densitometry analysis

proteins, whereas

compari SMess et a densi thbameti my was nor mal i sed

A of i

bl

nfl ammatory TpSOAeINS2ewe 0e ecdo AMas

3.8.1a). The

range

by western ot (Figure maj or it

transcriptomi calTISYC2uMLrse, g ual sa tiedde-sweigtéiheiendi by & A&
(as mentioned in 3.2.4.) The fold changes h
SEN/ SEGA transcriptome (table 2).
Gene Fold Chi¢Fold ChanFold ChSignificant

( SEN/ SE((Corticall(AML) ( SEN/ SEGA; (

Tuber; AML)

STAT3 [3.0 1.8 1.5 (Y; Y;Y)
RELA 2. 8 1.9 1.0 (Y; Y; N)
| KK1 1.4 1.1 1.2 (Y; N;Y)
| KK?2 3.2 1.9 0. 8 (Y; Y, V)
VEGFA |1. 6 0. 8 8. 3 ( N; N; Y)
PDCD1L15. 3 5. 2 6.5 (Y; Y, V)
CD714 20. 7 7.5 142.0 (Y; Y, V)
CD36 68. 6 1.7 5.0 (Y; N;Y)
ADAM1Q0O0. 9 0. 8 1.8 ( N; N; Y)
ADAM172. 8 1.2 0.78 (Y; N;:Y)
ANXA2 |[41. 1 11.1 1.4 (Y; Y, V)
VCAM1 |13. 4 7.7 N/ A (Y; Y; N)
LGALS313.0 3. 8 1.7 (Y; YY)
TBK1 0.8 0.8 0.8 (Y:; Y;Y)
Table BoRd changes in multi-pdtei egretn ed eerxipw eeds sS EOM/sS
Corticali MuBhiBtsg or
Given this data, the AML proteome and transc
similar to the SEN/SEGA transcriptome in ter
These trends were similar in trte fcormrttherali nw
the inflammatory pathology of TSC.
Hei ghtened expression of multiple 4a2fl ammat o
CD74, KDRM]7ADAM10, ANXA2, and -pmABD Dhadmg!| at i
S5REe! A) wereT90bBdMLwledni aompared to control (
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| evel sUamfd HwiHK ¢ not different behwelphld/tbhe t we
(S176/180) phosphoryl ati ohS@AMLmar Pgdlregupanate
of many of these targets was also noted in t
tuuberisn vaMidso ( Tabl e 3. 2) .

We sought to i-aBéntnikfeyd igfe ntekes® ulNl bet modul at
NFeBpat howaymTORC1 (FT§O2RML3cBlNLb) weredl treated
BMS345541 or 50 nM rapamycin for 24 h and pr
remained unchanged by both treatments, such
target of-LAoiRDwaWRDhi ghexpwvesTsI@HMlip:motein
(Figure 3.8.1a) and was transcriptiaomlay,ly up
rapamycin treatment was nb2, avh&Keoas beduoae e

was abl e to sigln2 fliecvaenltsl y( Fiegduurcee 3P.D8. 1b) .

PBL2 is an i mmune checkpoint regulator, and
within vani4ougdtcamscaemsl!| ear why the i-mmune s\
derived tumours, however -leX pmaeys sp arnt ioa |l Ipyr oet xe

Therefore,L2cedarcd ngt POr immhnoéi ctheshpaciomt dc b
strategiyng ot md lioommune systermetro veeat ¢ utmoainm c .t

Strangel vy, LGALS3 protein | evelS3ScClkdimwaotendppe
AMLs (Figure 3.8.1a), which does not-fit acc
derived brai b GAuUutBr8am s¢gr iwhteg eafroel de nwhiatnhciend by
SEN/ SEGAsf amlndd Vi.t8hi nL GAktddecsala ptpuebaerr ss.1 i ghtl vy
TSCGReficient -AMgsenci RYA but this was not si
reduced WEndomhHORCL inhibition (Ftrgure 3.8.1
infl ammatory properties of both treatments.

Protein expression of VCRAGRAMLsS Bfyalgdh38(lnyotupr e
statistically significant) and can be seen a
corticalKKmnihbhdedrigi on was able to reduce VCAMI1
was ineffective. This is somewhat expected,
regul at-aBd 4b g )SeF zur es can en h(a4m®gw hviCcAhM 1c oeuxl pdr ¢
explain the difference in upregulation betwe
differences in expressiTonC2ML sV.CAIM1 iis waerstsh a

RNA equencing of AMLs showed close to zero V(
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VCAM1 protein must be stabilised imBthese ce
inhibitor to reduce VCAM1l protein is unlikel
reduced protein stability of VCAM1l1.wiAhe mech

CD74 and CD36 are also significantly dysregu
could not be signifKEKanmT@QRELtenkbdbwttbnei CB
a receptor for a broad range of |ligands, typ
pat hogens -ionrf epca tehdo gceenl | s . Furthermore, dysr e/
i nfl ammati onreB Batioadi mgoNFcomp# 2X,idIgL)R2 tahn dT L
TLR6 (and most other TLRs-Jjobhde upspgotatvebtyhb
SEN/ SEGA transcriptomeKniOubi diadma wads wernablhat
|l evel s, suggesting that CD36 expre®Bsion may

activity. Various other transcription factor
STAT312)CD74 is a cell surface receptor for n
(MIF), the binding of which causes CD74 intr
conferring sBradadtviad a 3aiddnafFer esti ngl vy, MI'F tré
upregul ated wiftonhidn (AML<s Ob.y0 010.075) . Further mor ¢
target cytokine of CD74 activation is upregu
0.00005) . 't | supos viab | @ att havta ytsh es nglred gone b
contribute tad utrhee-doeflyitTeSsGf at u momr s during rapa
Taken together, this may present CD74 as an

already been iderngdatfiied sasmea @ancecearts ,alwittah a
CD74 by Milatuzumab presenti glm€Dad4pstemul a
of -@88F and ERK1 woud Wr witvanlul artde ipmrfol ammatory p
al so highly expressed in(éandramd&atldrysdupoed
wi t hiim tvh ¢ TAMLT R@®2Aquenci no odadt eaunbdg po¥enti al |
stimul ate prdqduac)iHowrvefr , CB7THgni fi cant dysregu
seen in the SEN/SEGA or <cortical tuber dat a.
NFeB and thus -aBtaomgvadpmspy NR t hdBs asxsdenvartiyo ,c oNIF
both causative and resultant of CD74 upregul
treatments, wherein CD74 appeared Kmkarginally
inhibition (Figure 3.8.1b). Conversely, mTOR

in CD74 expression, but again this was not s
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Of particular interest, serine T3$CAMhesphory
despite slight (but statiBBKlnalally giegniefdi endRn
dat aset s. Phosphoryl ation of TBK1 demonstrat
c GAS/ STI NG pathway, which is activvattded23fh)y ou
The c¢cGAS/ STI NG pathways can al so b(e41a89ti vat e
Foll owing TBK1 phosphorylation, TBK1 can exe
oraBU| eadi ng tpamtMRvay (sttto)ed leatrilgn t hi s may be
in terms of-oByspiegmEI$SIC®ed NiEn Unsurprisingly,
c GAS/ STTBIKGY ppat hway is often implicated in c
(237)TBK1 activity wil!/| be explored further i

ANXA2 is also upregul at-ed wnhhv htliRaMtLBS @2 s, a
t han tpheet iTeSlCt deri ved brain tumomud spr dAlsi faempat
it correlates strongly with poor prognostic
(420, 421) i s al so kaBown gin@al moaywl ataed t MEOUugh t hi

canoni-aBalsigmalling |leading42d)wh®e0ecmasciadar floc
NFeB signalling in this chapter has been on p
known to be important in ANXA2 wupregul ati on,

experiments by mTOR®IKnihn hoiitiitoino nwa sSiumialbdre, t «

l evel s. I f chronic mTORC1 activity could 1inc
nomanoni-aBalsigmalling which is #acetrmpaosapiabnye itr
treat ment . Fur t huelrd ebxed ertebgnuei bréea h 0 b naBab NF

signalling. ANXA2 dysregulation 4dpatsiegni biraa
tumour si hh@&MLt medeflol(dd dvosl dl). 4so it is possi bl
neur onal model s would provide different resu

Lastly, two metall oADANEBE Massets aABDAM&@Dghhdne
wit iSs@AMLs, when T®9@Ieasrteod etdo AMLs. The differ
expression did not reach significance but ap
transcr i prteognlca tdioowm awii temitn deSCved brain tumo
ADAMBhowed upregul AbDAMBXpCesseonnelppeared t
downregul ated witthinn vti i{dAoMLUTAEOPMT B pt empoabi bl
for the cl eavage dfadn dr evlaera soeu so o d nhaetd u rerge tnK Fam 6

and r e(cdefAnmrms tnheembcrealnle , |l eading to downstrea
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TNBbi nding on neighbdlievegADAMBipridisghem MmN

i mplicated in the seizures an@d2ba&)her neurops

Al together, this data revealTSGClRefhiecigdntnedl I
hi ghl i-gBhtanmdNFSTAT3 as potenti al pat hways resc¢g
similar in some regards, such as general dir

demonstrates some idn fAiMirremac ksl bweds avk eaand hteh e

gene transcriptional signature found in brai
the expAdXARwheokti n-d€&d vhgragiin nttumour s exhi bi
upregul ated mRNA of this gene, whinchviits onot

AML s . As the AML cell s were derived from the

accurately mirror brain tumours. Clearly, be
Later experimentation wil/ highl wegbhrai nf | amn
model s of TSC in an attempt to consolidate t

RNA equencing was al so used to analQy63e7 Adhe e
on dysr e alt ®@tde NFgGe2e € $ ci ent AML s -0ul0n6d3e7’r9 4hy p o
inhi bits both mTORC1 and mTORC2 activity by
i nhibition appears generally-oeBnsiudgmalliemg &b

transcriptomic | evel (figure 3.8.2).
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Fi guremTQOR.i2nhi bition is not su#B ashilggndlolri mge.st or
Upregul-aBtl @ ch ke TgeCrdeML si n(as detailed in 3.3.2) we
was then pl ogdcepue ucsiimMGCRMIAs fumder hlyHPOAEAMIas ver sus
under hypoxia which had been-0t0r668#®Md with an mTC
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Overall, mTOR inhibition was unable to resto
genes tested were not significantly wupregul a
whi |l e-oB-I6i WNEed genes were upr egulgethned dwert efdu
were downregulated by mTOR inhibition.

3.2.9 Hypoxia Response

Hypoxia is the state where cells are deprive
activation of the hypoxic response pathways.
hypoxia has |links to various ree wrteelnngincgalf rdit
oxygen deficiency, as well as altered vascul
and nutri(edai#n® o6d)eFluirvtehreyr mor e, hypoxia has ties
vasculature in tumours,(4a@f})l een GIBeMa ditrhg st 0 eas uHh
invasive tumours into the surrounding health

treatment and raf(é2a8)gypaxi @nal snorthaslitiynks t
wherein the hypoxia inducible factor system
NFeB and (S4T2A0T,3430)

Therefore, activation of these i nflammatory
understanding the pathology of TS@B For this
pat hwayTSM™2AMLsn under normoxia and hypoxia wa
Similarly, - 003294 ewasofnKastigated in these
of hypoxia and mTOR inhibition was compared
t he ionipacTtOR i nhi bition on DEGs which were d\
performed (Figure 3.9c).
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(a)
Normoxia Vs Hypoxia NF-kB Target Genes NF-kB Genes: Hypoxia Vs Hypoxia + K-00063794
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0- : c o . '.:'.';ﬁ- %“ .:.':,.r- . . 0- . . . ° .... -':fiﬂM.: :;‘-'?.‘. ’ L2 .':'
log, Fold Change log, Fold Change
@ Lower Than Threshold
@ Significantly Downregulated
(b) © Significantly Upregulated
Normoxia Vs
Hypoxia 119 57 62 134
Hypoxia Vs
Hypoxia + Ku- 125 53 72 128
0063794

{Normoxia Vs

Hypoxia)

Vs

(Hypoxia Vs 44 38 37 29 12
Hypoxia + Ku-

0063794)

FigurldyBo®ia induces di f-3Be rt earrtgiea | gexpperse s @ainan tihn s
by mTOR i ahiVwil tciamm-aB(ltoarsg eotf TNFFC'RA MWist biompari ng

nor moxia and hypoxieeBcobadgei oDEGS$ | wifthinaABMLNFbe
hypoxic conditions w0®&3@TiORN(ti )nThaibbliet idoenmobnys tkruat i
numbers of significantly upregulated or downr egu
and significant !l gfidmevd r &ghuedna g0e elaSwelroeg 2dt hahd chan
0.25 log2 fold change,-vatspebmi )P CO®pahi sanad,]
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bet ween two DEG dat aset s: Nor moxi @& OWS3 7@yip o Hiea e, 8
directional <changie.uégpnm eganateysr e@wlhnhateigan at ed, o1
bet ween the datasets with the aim of deter mining
dependent infl a-aBmatDionectthiroonuagh cNhhFange was catego
upregul whedgubatded, downregul ated tsigpi égueclated
either upregulaat iomn ( ési=ginfiwimiromagrund e 0 )

Prior data (not shown) reveals thatSCERQTAT3 ac
deficient cells under hypoxia. TBlEdResf i ¢henscy u
may al so mo-8Bu lpaatteh wtalye uMF er si mil ar circumst
already i deaBt icfainetet mati MRted by hypoxia, an
i nduc-eBd aNcFt i vati on may be r(ead8ugded via inhibi:

Here, we see that hypox-8Ba wiMde&Ref iapiperatr sANILos
(Figure 3.9a). Notably, some pathways appear
upregul ated, although these wil-dB.n&ftal]l be
inhibition o®@0MIDRI waindeKuhypoxi alwe esBlamNFs ee
phenotype is not restored, showing that inhi
not restore t h-aB dicstd avsae isotna tuen deefr My poxi a. Tl
consolidated within the table of Figure 3.9b,

downregul ated genes is not shifted by any | a

To try and identify how mTOR inhibition woul
compared: Nor moxia vs Hypoxia (NvH) (as in F
Kub063794 (HVvHKu) (as in Figure 3.s9a,o0 rsieghti)f
MTOR inhibition could alntfdramnoeB oatyh éeNWFait ®al r e
phenotype. DEGs were counted based on their
within the tab,iea fEnguwhi 8hmMitsha pMwhH ud att ®ade ti
to downregul ated, or changes to a statistica
HvHKu dataset, it woulAIDbwnreguwlt @dedsomUmporrg
Significanceo.

Here, we see that 44 genes which were previo
either downregul ated or equally expressed wi
which were downregulated within tbe WvHhOBRt S
HvHKu dataset. 37 genes exhibited no directi

changed from no significant difference i n ex
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upregulation within the HvHKuUsidganiafsied a n oveh etr e

significant downregulation. This masB- be t ake
target genes increase in expressioa tfotldlowadfn
50 -®BR arget genes decreasing in expression.

Ultimately, thisBdias$ adgpsggestlt agtlT&SkdRamnitNEiremty po
AML s . Furthermore, MTOR inhibition is not su

and in some cases, may appear to even exacer
3.3 Discussion

This chapter investigated t heTBe&Refhitceinendt i€
Data indicates that this heightened state of
MTORC1 signalling, whichTBe&@o meo satb.e rTrhaenrtel fyo ra
heightened infl alnsnta2ppear spopoi bdesmd ORECHt .
Furthermore, this chapter il ITELRe fait eisemthadel
model s was | i kedBy acdhelpSTAEdBt on NF

't was foaBnandh&TANE activation (and other i
significantly exprebS$S@xft e¢imindh a@mp blhesw alesatwietr
rapamycin, this inflammatory signlaKKwas not

i nhibition by BMS345541 was found to diminis
This suggests that STAT3 acteBvaantlbkwkyn TSC i
i nhi bition could alsoTse€kéctci pakty cebhdswhenapas

the AML cell Il ines. Direct communication wit
repeatedl ¥ S&Beoswtno rtehdatAMLS tend to be highly
terms of viabili fTye28st eredc AMKke|l gr decratursans

regained their tumour suppressorTS@2ectioored t
AMLs are also unable to form colonies or tun
have | ost growthl-ceadpakridhietsy owi.t hdut scel kely
MEFs becdss'é@nbdo tohwipled MEFs are | acking TP53.
oTsC2MEFs, Prof. David Kwiatkowski identifie:
to establish t i3 3¢ealklellyi nse necfef eTcPt5i3v eMluyt at i o1
i mmortal i zi(n4gd 29Tohmreproenfeonrte, t e fticaenft o-mmae dir eT
type MEFs may be serving to remove the same
TSGReficient AML cel |l s.
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Excessive STAT3 activation i s a phendmenon t

imsa2aficient MEFs [13], di ssbemates aoaAMTSESEI I
pati(emt 65 ,Hi3LBher | eveelhaaéfsos bleelm| @eblsler ved wi
cortical | esi 0/©x>4)blie TSTATpA tpaetnitveay can becom
| 6 trans signalling. Comparatively, STAT3 hy
cancerous brain tumours, contributing signif
angiogenesi s, nmirgraatmeon, riemmuwrniatnyc,e, and st el

the differentiati on37slt, aB6L WEe&)Nn®TATald, se xecre scseil
of -@88Fi s frequently observed within cancer ous
invasion/ metastasis, resistance to therapy,
si gmn3arlo9, 4.37TKHB8) may suggest parallels in neur
treat memterofve®dS®rain tumours and cancerous

gliobl astoma, and astrocyt oma.

The data presented here alisno VE&®madn stnrt a tdees i sva
brain tumours. SEN/SEGAs and cortical tubers
signatures and suggest a high e®Rggiegenalfl ii rTgnu
appears to be upregul atsedi blne tthlreate tirg@h nc yttuar

chemokine prSedefcitciomnt ncells is recruiting a
|l nterestingly, we can also match several of
those which are upregulated within gliobl ast

identified 40 genes whose wpogowlyatsindviagWwdse c
gliobl(8gt49Oma of these 40, 21 were also upr e
(LGALS3, LI TAF, ANXA1l) playing direct rol es

identified sever al ot her genes which were pr
mesenalhympmhenotype, notably including compl em
within SERZSPPGAEs final study noted 20 of the
expressed genes in glioblastoma, of which 14
(439)Taken together, these results may sugges
and glioblastoma, most notably those of the

similarly heightengadl4d)nf | ammatory response
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3.4 Conclusi on

Il n conclusion, the data in this chapter has

in TSC, which is presentn ivmodoeatsh (tAML ,c uUMEFe n t:
ELT3 cells), as wel |i nasp atvrdaennsticvrei dp tborna-eBn sttuundoi
l' i kely plays an i mportant role in the functi

ulti mately generates cytokines and chemokine

as exacerbati nogndihtei cnnesec hiorh eTge® asl epsy. A | i nk
hei ght e® ealctNiFvi ty and STAT3 activity in TSC
that dysregulated inflammatoryBpathways in T
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ChaptidNfFeB4 and Surroundi ngSEat hways \

4.1 I ntroducti on

The previous chapter eBasaghelrisrd Bmehyperac
cell s. 't i s poaBsiilml e StCh a&to url edls tber ian g oNFEeNnt i al
further i nvestigation. Some relidted pPtrwdieds C
i nhi bitor, was i nmrBtiahl pi deval bpednhobi NFng
i nhi bBBUHowelver, studies showed mi-aBedacrtdsvulttys
after Bortezidmilb4Bdbeatememi  has been used 1 n
was shown that Bortezomib wheitaoiemdsu mierdg wi t h
drug, enhances endopl asrmiicireeatti cwelldm ;s tsrudg £ ¢
stress I Md4e¥\eds Gdeastimgle drug treat ment, Bort
clinical nfoddietDAss iodfe TSSO mM t hese studies, rese:
t hat may-aeBt amgertSCNH s currently |l acking. Ther e
Firstly, the @B dsirgnalnldiimg iof MNFC i s poorly
Sendly, the apbBltiaragdatoinngp ft NeFr apeuti cs may al
pat hways tha# acgelt(d2etsd esbosoald al sdoeben not ed
treat mentisnfwiatmmaamtriy dsegsode®uled freesal tsuichm

failure, heamtd gasted, nNdLbh k aal i ssues

Despite this, further reBeanchSCnises L hkeldyst

to better understand this complex disease. B
by (or pr-eBnoacitnigryatNFon i n t he&kdinegavad e eqtt anteent
the various neurological symptoms that are p
of cancer progression, where inflammation ca
of proliferative pat hwagrmrs.erfFluan de  rmeotraest a qifd
mi gration, and this i s @&aashioghlay erde IdeaBaemts ef, e d
al so plays a key role in immune signals, 1ik
tumours found in TSC patients.,

This chapter seeks to identify how we may di

correspond to the tumours which pres-eBit t hen
and related inflammatory pathways.i Aovidor o hi

cancekrated features of TSC modiefloawye |l fiod mateisog
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cel l mi gration assays. This chapter also ainm

anitmfl ammatory action in TSC.
4. 2 Resul ts
4. 2.1 I nflammatory sigalrliiveg itmmoblue sgr owt h

4. 2. aBl iMbi bition sl ows tumours growth

Perhaps the most iconiwec daspecectseantt aTs0Oni ft he
Specifically, renal angiomyolipomas are thou
patients, with rapamycin treat mermtf gruomoiumrg i

(113) umours shrink during rapamycin treat men

treat ment .

The genedatmemsi @ma3 tumours (or organoi ds)
in the field of cancer research to better un
complex interpl avisbpioweererceimbstymesel s for
costly, expensive, or time consuming. Soft a
of assaying the effects of drug i &aobmenbhiaen
we can extrapolate the effects of drug treat
patients. For this reason, colony folrkiati on
i nhi loint T&®X t umour growth. To do thisgt, col oni
weeks pirrestetmee cohceatyiangons of BMS345541.

98



(a) (b)

MEF Anchorage-Independent Growth with

ELT3 Anchorage-Independent Growth with
NF-kB Inhibition

NF-kB Inhibition
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FigurleKKHnHi bition r-eddepesndancthod alge@TiStcdfed i ma teinad n
and their #tegprpectointe oWwilcegll s wer-é4 wgeeks depswodir
on celal Mbibp,e.EHq§T3aandl AML cell s were grown in the
concentrations of BMS345541, as indicated, prior
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co
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we

asurements of colony diameters was e€earried out
ndition, all colonies per i magwaweANOYYA awiutrted.
keyds Multip) eR€Epmpaentsanisve (i mages are shown
eat ment witiThSceRMEBd4dbeAL MBEF and AdWprced disng NOMLe
re not used due to -andéepabdéntycolbohioes. anchor

4. 21 KK2ahi bition when combined with rapamycir
treatment discontinuation

An i ssue with current mTORC1 inhibitor treat
compl etely regress. Combinatorial treatments
i mprove therapeutic outcomes. This often res
chemotherapeutics as well as a(g4rater effic
Furthermore, since combinatorial t+ eatments
approved, the cost of development is signifi
drug. Combinatorial treatments can act syner
chemesi stance, as well as to induce apoptosi
popul ati ons.

Th

is study previously demonstrated that comb

rapamycin had greater efficacy to reduce STA

approaches may be benef-deravVvewhtomououesat (( Rggl
t estThS@2ef i ci ent AML cells were grown in soft
presence of either rapamycin, BMS345541, or
untreated control tumours reached awtshui t abl e
was r esunferded ncamrdigti ons. This experi ment wo
i nhibitil Kinaf miFf®tRC1 woul d have a more | astir
growth, edescahtéenuatnheon of treat ment
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Anchorage Independent Growth Assay:
Colony Regrowth After Treatment Discontinuation
Percentage Growth
3 weeks post-treatment
: (Median size increase)
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Figure Chnmbini ng KHEmnhd bmTTAQRCn ohfas greater efficacy
TSeGReficient AML cell s were wirtowneiithhesrofDM3@,arB M
rapamycin, or a combination of the two treatment
colonies were grown for a further -mbasarwmehkhst 0bFf
tumour diametemaseMeéedi amteidz deit wereewm t he two ti mej
pecdondition, al/l col onies per i mage -Weelrlei smetaessutr e

with Dunndéds multiple compari sons.

| mportantly, the data shown here demonstrate
MTORC1| KK hiidnst beneficial with regards to a
| mpor ot &KKinlhy bi ti on i n combination with rapamy
regrowth of colonies, suggesting elnthainx edotcy

possible to determine whendrgi sthic, edd etchhe wa

not structured in such a way to determine th

Reducing the growth of col-eBniiess hianv-itnhgi sa ns eatnti
proliferative effectl KKhdaiibnweasotni goant ec etl H e pe fofl
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TsAS5cReficient MEF/ AML cell s were subject to

presence or absence of either BMS345541 or r

t NeFeBp at hwaasy al so used (I MD0354), which funct
(a) (b)
CyQUANT Cell Proliferation (MEF)
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FigurleKKHnBi bition redbD@®@2Zzfprcdlieimfteic@y dsandf assay
used to deterimkikre MmMME@REI fieaTissddZtfi one nbhT MEF or (
defici entl KAKMLh icheiltlison reduced proliferation afte
with that of rapamysci@waeg NnAKNOVA wietltH Dumreet.t 6s mu

comparisons. Statistics were performed on cell C
| KKnhibition reduced cell proliferation sign
reliance on inflammatory signalling feoer prol

independent growth assays pr ev-sBo ussilgyn ad e sicnrgi b
play a key roledenivbd gumwtuhsof TSC

4. 21 KK3i nhrieoducieosn mil & Cl¢ fi iomi erit cel | s

A key characteristic ofleLtiAWMedst tmeupro@elehsit

l ungs i n -deaperdeéembobgmanner, | eadingike the gr

102



tumours and |l eading to tle48)clpseheéntdl | 69s me
transition (EMT) and metastasis gdHd9jeyd f eat
these processes rely on -8Bhd smiwgerldt dkrnyo wono twe rt tt
context of EMMBS5@0ndbsmugrati os reloByiaghatkbi egp
may | mpact TiGRe faitdioemntofcel |l s. This BKKdy aim
inhi bition was effective at reducing cell mi

mi gration assayBS@erfd cgernftorArvdd cend | s (Fi gur e
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AML 7SC2 © Wound Closure with
80+ NF-xB Inhibition
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FigurleKK.dnhiebiucieen niSga@2at i coneatTSAWefcel esat AMLS
were grown to a confluent monol ayer prior to tre

wound scratch in the monol ayer was introduced, a
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wound dIKKsathrieb.i ti on sl owed wound cl osur e, wher ea
Representative i mages of woundsn.nar=¢ v@apywn, with

ANOVA with Tukeyos multiple compla®iZNBhs . ( Satma |l mo
shown) .

Wound scratch assays provide a relatively ba
assays were performed under conditions of se
proliferation that occurs duri nd KtKmehivwa un do nh
mar kedly reduceldS@edimnadi elndswecree |l ¢f, i ndicating
|l i kely being i mpaired. This may be-through r
invol ved proteins. | hS@2ed, cMlbeaoies|drd pd eomua rcs tdra
upregulation in SNAIL, SLUG, eBnde@uPatedhEMM
promoti 64520)mmMO®RBRC1 inhibition with rapamycin

closure, suggesti ngT®@d2etf iccaelelntmicgerlatsi ocar eo fu ntl
on mTORCL1.

4. 2. aB4 mNPORIGIlpendent gene regul ation

The transcriptomic data presented suggests t
be dri ven-eB hrraotuhgegr NFhan mTORC1. The study ail
infl ammatory d@eMbLe cteddgeéti nei byt g CR ( Fi gur e 4
based on those that were found to be upregul
sequencing) awrdkertihve dT SSE N a&StEIGAArst t ranscr i pt omi
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(a) (b)

Gene Fold Change RNA-Seq Fold SEN/SEGA Fold
(621-101 vs 621- Change Change
103) (621-101 vs 621-
. RT-gPCR 103)
Fold Change of Gene Expression ! pR——— 225 0 oy T :
. * . % % %k k . % ok ok ok
AML TSC20) vs AML TSC2%)
L00m en CcD276 3.807 (%) 2.96 ( sawk ) [12.2( ks )
o 50 * . IL1B 3.583 (ns) 3.41 ( xkkx ) 5.60 (ns)
éﬂ E 30 % VSIR 6.503 (ns) 83.3 (#akk) |2.61( wxxk )
20 .
é < . 11 L6 8.303 (¥) 8.55 ( skkx ) 2.52 (ns)
SRR
- & O 5 LAG3 0.73 () 4.02 (%) 3.43 (%)
ﬁ = , . ﬁﬂ T i [][l FSTL3 2.277 (ns) 2.34 (xxkk ) [2.98 (%)
. Fl . ﬂ m ICAM1 2.487 (ns) 3.48 ( x%xx% ) 10,9 ( #%* )
L] L] L] L] L]
% \ \} IL15 15.54 (%) 2.83 (sxkk ) |4.76( xkx)
\1$ \\’ S\Q$ TNFRSF1A 2.55 (ns) 1.54 (skxk ) |7.43 ( #kxx )
{00 Qéﬁ TNFRSF1B 0.7633 (ns) 0.90 (ns) 5.28 ( ®%%)
CCL2 22.92 (ns) 40.0 ( kx%% ) 16.5(*)
FN1 37.06 (ns) 12.4 ( x%#% ) |2.63 (%)
Figure ¥abi@us infl ammator yTSgeRektisciaerta)pAMeguelalt €
I nfl ammatory gene mMRNA expressi ©8 clgeafsi cdieetnetr ntion e d
TSCAML cells. Most genes aDPP@AKedcmlpioslBEalat ed

ANOVA with Dunnett 6s

mul tipl eHBM&P atrh s omef e Dan ae

(b)) Comparison of gene-dexpwvesdsiS&N/ B &EHauececmMAO anBgN A mtl
AML -fPCR. Most genes showed similar directdi
Figure 4.5.1 shows that the expression
TSGReficient AML cell Whil e significance
enhanced expression of genes, which was

pat-dent ved SEN/ SEGA

(described
mi noTNERSRIBgul a

how
bTiS@2MLs Twert e sttr & &t

i nL £@@npdt e r

rapamyc.i

gene

TNFRSF1Bot h of which showed

was expected, as t RINAsieg miatm@aor ed i n
The next aim was to investigate
influencedK#&rt mTORCher nhi

for 24 h witBMeBM:NFEs5 DMS,0,56 nM

two inhi-gpFGRorwas Rilsed to anal yse

4. 51.5.5)
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expres
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Fi gur eCodmbsi. nPakkiBonrdy mT ORC1 i
i mmune checkpoiqrnPtCRe xwmarse sussieadn .t oORBRPRCH Elel3@ xpr essi

CD27hYSlarmdLAGSBf t er

ANOVA wi

t h

The above

i mMmmune syst

upregul atio

regul ators

al so be

checkpoint

a

nhibition may be

benef i

singul arl KEKr dmBAORCh h@wrad/ t i on

C

Tukeyds multipl d PlOBmpari sons. Data no
genes represent i mmune checkpoint
em. Many cancers take advantage o
n to avoid detection by nthe 1 mmun
are being (#aY2,s4bi4gtadreeds tiinn gclayn,c etrh
feature within TSC, shown by signi
coinhdéiitwed tumumd&SICs paFigumite 4. 5.
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SEN/SEGA: Immune Checkpoint Regulators
' (Prene ).
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Figurel mMmune3.checkpoint r eegwlratvaerds SvEIN/SIERGATSS C TpSaC
derived SEN/ SEGAs exhibit highly wupregul ated exp
change of gene was from SEN/ SEGA t umopuartsi evnetrss.u s

Notably, combinatori al i nhi biPDICA L&LRpeared n
expression (Figure 4.5.2a). This represents
regul ators withi hKEBE. mAORELter nhwbi teon was
redBDED1 la@USI(Fi gureLMGBas2capregul ated by BMS:
treat ment (D2Qgwéa = &l. a0 2idpcreased by BMS34554
by rapamycin or a combination of rapamycin a
t hat dsriumgglienhi bi t il Kirt anTtORrCdle ti se intoitersuf f ci en
expression of multiple i mmune checkpoint reg
effective. Current research on i mmune evasio
recent studies happel hcahillighy edopot mmamnmatl har
known that mTORC1 upregulation can drive CD2
(455)Secondly, and perhdposrm€&€mMée Adnbéoestaideg wa
effective at c|Tesagad fnigc it @wmiccydise envd ItIh,i nsi nce we
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reliably inhibit the expression of i mmune ch

aBB inhibition, further investigation into bl
benefici al for thetreat ment of ToSC.t hesvwee weern,
may be upregul ated through inflammatory sign

BMS345541 treatment was hiL®hlew pefefsesd toinv e BaAS:
al so reduceBDERDPEDei gelne)f . ofNdPtDembi pat ohe ato
approach witlnlhkKmhimdiORCAn appears mBbPe effe
L2 gene expression.
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FigureCombi.MaKEndamMTOR i nhibition can be used to
expresgiPCR. dRT a was generated asalh®FLdd(e 4. 5.
| L1 Badp@CLvas anallykkerdd/adrt emTORC1 i nhibition. Not a
was consistently effectivenat 3awmduAINOYAcwt bki ne

Dunnettés multiple comparisons.

| LWwas drasticall KEnddmcteBRCbyi bbithition (Figu
ExpressilobhbB@cClvatsh r el ati vely unchanged by BI
however this was sensi td)v.e Somea afpiamd/icn gns (fFri a
experi ment might appear contradictory to pre
significant-6r eteiwecrlilkknh BrnbiltLli on ( Chapter 3).
finding, it milgtmR NiAe eeppestsednt watl KK al so be
inhi bition. However, this ¢aeRNA odXx mrpgsxairorn o
highly uprlkegkhlitledt adbbhefFi gure 4.5. 4a) .
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Figurel KAIKmhiS5bi ti on may reduce MRINGMEAICAMBERCR down

data was generated as i aFNlgabpleCAMMIbs 2an dlhys edk pa fe
| KEnd/ or mTORGQCIXKKinmhhibhittiioonn .pr oved effective at r
genress @awag ANOVA with Tukeyds multiple compari so

BotFIN&a nldCAMZI e
3 -f50 1l d,

very highl y S@&Re feigaiil eart te dA Mvd st hli yn

respectivel y. I't i s possible that th
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observed while handling StctRef ceil ést dAMLaghave
tendency to slough off a thick unidentified
to a heavy buil dup of extracellular matrix c
within a microenvironrdrnyt hafv ehihg g hfeirb rma rge att ii
patients with high fibronectin exp(tes5&) on al
| CAM1 is a cell surface glyoprotein that med
i nduceeB byt iINFRud oca8t)Whoinl e | CAM1 i s typically as:
of |l eukocytes, | CAM1 has al so been(45h0wn to
| CAM1 al so pl-iaryfsl ammat @r y nsipgmal transductio
upregul a(t4es@WICICE®D i s notably also upregul ated
pat-dent ved SEN/ SE&GKphhi B8iucoal was hi ¢iNILly ef f e
expression, as was rapamycin to a |l esser deg
reduCAMRNA expression (Figure 4.5B5hb) . It 1 s
influences migration (asl Kemhi Winteidom nr scdwd e
mi gr atTiSedee foif ci ent AMLs -eBl dri gsebi kely w@wmhgt adNF
mi gryatfoarct or s, such as | CAM1 and FN1. It is
reduced the ih@GAMlalotrtyowedlti etchi ® nmay hint at
MTORC1 asBdsNgnalling.

The-g®PTCR data shown here provides insights ir
of t4BR MNatmawayr educe an infl ammatory state. I
pat hways appear to becolnmeK apcotsisviabtl eyd muepdo na tiendh
poorly understood mechanism of unphd&&phoryl a
These feedback signalling mechani sms may not
i nhi bition, since in Chapter BKK®Bbhinmaiso rs hioswn
reduced after 24 h. Thereforetertm ewbKKdt beob
inhi bition on inflammatory pathways in the f

4. 2.2 Alternative pathway targeting

A key drawback of the study sdKfKmnrhiibs taorl aick
so far, BMS345541, is not a clinically appro
investigati mB ithem®%@i Bo odr ANgress this study,

clinically approved (or in the-oshrwerassr @duict
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NFaBpat hiwalyi bi t ors generally function through
through the di®RcpgatimwaywidaommomdntNgFE. Sever al

this purpose:

Suberoyl anilide hydroxamic acid (SAHA), or
hat 1 s currently under devel opimBdnStAHAr a r a
been shown-aBoviahebhhanbéd doBgradcabnent of RAK®&
l eading to a redu(C4620pAHA tTrRat memgtnalhdg nal so
increaB ehyWgFeractivity and | ead to | ethal rea
cance¢(4&xx)Thss may not be beneficial in the ¢
upregul avoixomnmainh @retnies such as GSS and GPX, v
induced |l ethality of such a treatment.

Lenali domide is an approved treatment for mu
acti(vwedayrhe mechani sms of | emalidomide are di
promote the proliferation anidn awippivd ¢ gyt iodns n
our purposes are | imited, however | enal i domi
cance¢d4exr)speci fically, |l enalidomide is able
| 16, -1Balnd UNF wel | ans gerae rotr-ya inawlg emitd ef fect s.
Lenali domide has al so baBea6ag)hown to downregu

Aspirin is knaBwaeina IiSTWeER)tti vVNE Y, the | atter
bl ocka#e ®Off lilnter eNCTO &3 50bf7 6998 gplarttriicalpa(nt s

noted that aspirin showed efficacy in reduci
applicability in the treatment of TANDs. Thi
on STAT3 and Rel Atphospborgkeabi enchhnges wer
shown) .

Resatorvid, |ike SAHALI ks capapbht @er of Tt R)Y4 cs in
binding and i@ Thiomglft AFILRA Resat orvid wo
B and interferonhas galasdi slgowmRetsatoevti adr e nc¢

inhibi tlbpReBof ahld( 4T®MFudi es have al so shown po
for Resatoowi thesaay (Mdddt nea)t cancer

R7050 is an antagonist for TNFR@4an)sthBNFpot
signalling appears to bdedysedgblataeadtwmbhbr s
considered that TNFR1 inhibitioeond)wodkeddhel p
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shown -Athtad rReduced hyperexcitability in neur
epi |(edpissyHowever, WUihre emillee sy TINF g@méywhat cor

Di acerein (DCN) wildl be discusseaed iam q@rpgatoerre
treatment f or r he(udva6t)lon dgenmdrhalr,i tDGN (iRh Amet a
(cassic acid), a naturally occuring anthraqu
function -lbact n@icbyt | L

Of note, many of these pathway inhibitors we
transcriptomiCdRdt @i emo mAMhecel | s. Thus, thi
based on the inflammatory gene expression si

This may partially explainrBtbBeghatkiAdiL wi f hc
cel l Il i ne. For exampl esB SAHA i mMhndtiitomg (Th Ri4n
WhiTleRi4ene expression was signi fTiLcRdxapt S SIipo e Q
was not affected in the AML cells. Therefore

bl ock inflammatory signals in neural TSC cel
4. 2.2.1 Effects of -pasbwbgtedhi bflammatar §FSg

To begin to probe the efficacy of alternatiywv

dose experiments were carried out to identif
These wereES€&RniMal edl bs for a 24 h treatment d
(Figure 4.6.1). Notably, the concentrations

cytotoxicity after 24 h.

R-7050
Lenalidomide
Resatorvid

DMSO
SAHA

Drug (uM) 0 10 20 10 20 10 20 5 10

p-STAT3 (Y705) | = « - - -

B—actin S O S e e . e

Figur eEx4pl6o.rlat or yn essplewi mern tesi tnif d la mmaart o /€ f f ec t s
AMLs in triT€¢AMds dwemges .t r e at7é@dL0ayn d lhi BAMRIAde R Res a
or DMSO for 24 h prior to |ysis. Rel A . and STATS3
Results demons-tmnfatemmatenyi actt awnit iy, -7p0abrOt i cul ar |
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treated sampl es. Res at-9TAT 3d pahl ossop haoprpyel aarteido nt,o0 arnedd
phosphoryl ation.

As SAHA7860 Rppeared to have the clearest ef
assayed furt hreSrcl2¢ Fi gueert 4ABLE )were treated w
for 24 h under serum starvation. Cells were

determined by western blot (Figure 6. 2a).
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FigureSAMHMA . ah@5® show efficacy in reducing STAT3
phosphorylTag3@Reh i wi ehitaWwMit eehl BlL o was perfor med

TSGRkeficient AML cells treated with increasing c

115



analysis was performed, ah)d-Spr AE3 f (0¥ dRENhAa n(@k5 3i6n) €
after treat ment wiet hA SSAIHAI lwars @i @lt t £ids was perfo
wi t-ROB0.=oBgay ANOVA with Dunnettdés multbple comp

actin.

SAHA was also able to reduce tumour growth i
4.6.3).

(a) (b)

TS C2-deficient AML Anchorage-Independent

Tsc2-deficient MEF A-nchorage-lndependent Growth with SAHA
Growth with SAHA
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Figur eSMHA .r3e.duc eisn hengehrod eargte de A @&rayle fygir oiweaynt i el | s
Tsw2a2ficient MEF cells were grown over 2 weeks wi
reduced thed@fowti lend)f cSolminiaersl.y,( SAHSGReduciedngr
AML col onies over 4 weeks. Upon treatmeeM di scon
SAHA were able to regrow over 3 weeks, however w
performed as in Figure 4. 2.

At the concent7®db0omndusSAHA boplkeaRed effecti
activity (reduced Y705 phosphorylation of ST
phosphorylation. Simil-anttgpeBAbAt r eRI7U0C5SEM &onc
proved too cytotoxic to cell sagpareraex@dyd dier

are not shown. Due to the epigenetic modali't
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SAHA exeritmsf liammatnariy ef feciSeq Matyhdes bewel i
this HRAGMHBDAQ3 he proteins of which SAHA pr e
both slightl yTSdG2ehregehat aAMLI ael | s. SAHA al s
phosphorylation. A brief experiment was al so
SAHA aM &210so signifi¢tmetdl gtedhapoptt oS NE (dat
Al toget her ,a tpotse mtiigall impdnesf i TSOf RRpwgwearett ft

was not further analysed within this study.

Conver-geb9, appeared to slightly increase Rel
contradictory to thB0pOopassesdmmeghaasmi bfs R
rel ataBdsNBnalling. HoweverT,SGletfhcti eansAaAMLBt o
can see t haltNBtor annostc raippptesaroft o be present wit|
ot her known TNFR1 ligands such as RANK and C
This ultimat elUr esl uagtgeeds tssi gtnhaal tleBTnNgRv A 6i aot widt h i
t hTesScGl2ef i ci ent AML cel |l §058ndnt BdaATB hienleifbetct
di fferent mecWraNmFiRslm fr om TNF

Given this informat#i06®, hiatd was hcar isé wu® ntgh a tm
activity. This prompted furt h7e0r5 0 .n vVehsitlieg aitti oi
known to bl-@d00THNFR®, h®bsacdfifvacdtys olahti-ldills ugge s
was a valid drug target in the context of TS

of experi ments.

4 . 2. 2bp@2nd Lr heumatoi d arthritis in TSC

A hypothesis -dbasgmabbki hbami ght-eBbana ISGAWATEr i v
signalling. dbsiegnalelliangdwdroe lpl otted from t
SEN/ SEGAs and the AML cells (Figure-$eq7). Th
anal ysis and c¢DMNA emipomesd ired ygdemmdessil mi | ar pl ot

tubers was also made, showing similar trends
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Figurdihbhsirginal l ing is dysregul ated ilbr gISLt ed ol c a
genedi hnAMLrocelb)spandept deri ved-15sEiNg rSEIGAIisng Not ¢
appears far more upregulated within the AML dat a
significantl ubBeS&ENASEGASsOTS

GO analysis of SEN/ SEGAs and cortical tubers

within these datasets shared a similar profi
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