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Abstract

Col orect al cancer (CRC) -isl até¢edadéaghcwoaslkedwi de :
associated with changes in microbiotapenieenrtece
mouse model of CRC, baseds pmeacii fnite sda d tniavd a teipaon hafl i
fragment of Activating Transcription akac twerr e6
observed, however, their exact i nvol vement and
uncl ear. We hypothesised that transgenic nATF®6
integrate with the microbiota to prekmoeae tomperf
an-dienpth characterisation of microbial changes t
a ptromorigenic microbiota and how, as well as ev:
and microbial signallidnigvem tchmowmi cf o mmdtaimmat i o

We examined micr ahAit&fi cbamge®ssntumour devel opl

tumour to tumour onset and progression, using 16
taxa which putatively initiaty asmoci geeadsivst lar
validated these findings using a newly develope
bacteria. To address the roledpifveerhriomt estiinnfdla
formation, we generateds sai md' F@i c enolw§lbeth cieadel cr c
mo d e | ofamdlpdrifsor med phenotypic characterisati
mi crobiota profiling. Finally, we performed unt
empl oyedntdagmaat ison nmetohchd mouse models to identi
mi crobi al changes and altered metabolites.

Here we delineated changes in microbial composi
bialdstlfitkd ce (tg/tg), identifygasgosewaeral tiammor tF
we validated these taxa in a second spatially r

| m At $/6Mmi ce, NATF6 acti vatliktoAno ckeomhi, ndde dwittoh t umo L
with an incidence odndapgxaoxdrmadted d madios,t iTh, sp ovs

accompanied by a |l oss of goblet cell s, increase
as wel |l as s haisfstosciiart emuand a obi ot a. Finally, we
activation ihne mondtue sattiinnagl tmi cr obi ota via the a

Unt argeted met abol omics mAt f9%unndn AdEf6l ‘@ omtcent s |
demonstrated a clear enxhahmefitatoly bBicpddg LERFA) |

weraesssoci at ed -ansistohc itautmeodurc hanges i n microbiota co
were enr itawhmodirpramd correlated with changes i n d
met agenomics revealed an enrichment ofi ogwlnaersl y el
ol eate hptdgpdt aasne enzyme involved in LCFA detoxif
produachy ®Mhydroxyst,ewasi enacictted in tumour sampl e
modi fi ed micr odlitoeraedt of antATyF6aki dg mehabal t emedlLT¥
milieu to micrexdivtnoudbhharn ggens ,with enriched LCFAZ
alteration in microbiota composi ti oonh,y Ai Tnltesa s i n

results demonstrate a r orleectfloyr nmoAdTiFféy iarcg itviad i gunt
supporting the pregdampbe i gfenguwt atiicweolbyesprdn susc
nNATF6 activation may therefore promote colonisat
which could promote disease
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| ntroducti on

1 The Microbiota

1.1 Gut Mi crobi ot a

The human body is colonised by trillions of micr
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ngekled eukaryotes, and virusgenomed,| emet abbl
tivity, as well as their habitat and environme
icrobiota refers to the assemblalgel ofrebese me
mi crobi ome has beencthhanfdohwas dfeeinntshmowen 1t ®s
e in heal?t hTheadadvsrthsefpeanuletnur enet hods, such
encing and shotgun met agenomi cs have all ow
ome routine asmncdlendlhed nlpaarogeect s such as the
ect ( HMP) , and Met aHI-sTp eeamidf intorper ojeeccetnst | syy c hr
bi ome project and the Flemish gut flora prc
S various pmdpwlsatdamdsdi’boalpe esvates met abol
senting the functional readout of the micr
the microbiome composition i s usnalwnl ionrk sactk
n micriodmomadf dnTsheea sieg ut mi crobiotao refe
ated with the gastroiniaeavhisnale M6t hodr ac¢t
tion, faeces is most often used as a pro
e mtl gmamaamon of theTlketioealGlmitcmaaechi al | oa
ct however, with the colon hat'6euUutlihing t he
althy adul t s, gut microbiota i snidcamiersataend |
c r &i déett el sower taxonomic ranks however, micro
t en individuals but exhibits a considerable
rong environh¥ntlahdesed,ecgairodh milceiorbebosts have
mmensal and mutualistic relationships over mil
i olfogy
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1.2 Microbi al environments within the Gast

variety of c@&invydmetnenemitesr ekiiaslt within the GI tr
ctum, shaped by the changing %nvlihreo omeant alavcan
art site of digestion, and functions to enabl
gestion of food. Collectively these functions
bitat. Salivary fl ow, food intake and high ox
ere and by extension theiralfumic¢i obmisot &xiesnpd o
robes or facultative anaerobes, mai nl vy from
rmicutes, Fusobact®erDasphtiePthbesebaneseriative
ecies have been i demmniyf ioemce isn ttehe amo wtomt amaec
fferentlspredeed, the oral microbiota is the se
e gut microbiota, d€brypyedbhtttepptin®ecbushebhka
Borphyr é6monas



Movng down the GI tract, the stomach, presents
colonisation, functioning to digest food by aci
reason, mi crobi al bi omass is at i tcsh,| oewsetsitmaitre dt
contain &Tr&® U0 ndeed, the stomach was once th
transiently colonized, however a resident microt
from t hePrgeevnoelSear lept qWetkt ud&kmda hHae mophliacutsobaci | | uc:
antel iacd'®t The murineisnidmagVvietr ,al so contains s
quantities of Lachnospirceae and Bacteroidales
The small, and in particular, the | arge i-ntestir
characterisedsennitihaemeniThees@al trantestine (SI)
absorb nutrients, aid digestion &dhdMiptrygli al kley:
t he SI is |lower than that of the LI, |l bkehy due
mol ecul es such as bile acids and digestive enzy
faster (~5 hours in the SI, compared to ~30 in t
communities, and resulting i nt%e%hSlew edyan a npihcy smicc:
chemical gradients along the SI also licence i
concentration of antimicrobial compounds as well
of the SI, while pH sasnd nnlrcelass elcanenrdlainclkenevi t h
per mi ssive environments along the SI, mi crobi al
1616 CFU/ ml in the Duddaenutmhet odi 50 al Il eum, wher
approaches that fouwod®nnl n hmi cceaeamud lumans, t he
domi nated by facultative anaerobeStroerpt mcocoas
Escheramn®dliast rsipdeiciines in humans and members of E
Lactobacill aceae ?¢fF°mioeboedpeatsiesehpywever, witdl
and reduced oxygen, these taxa are ?¢gr*adually rerg
The caecum and proximal colon are the major site
ot her omni vor ocuase caunmm masl ss,matlhle and believed to be
however, due to difficulties in sampling, few s
region. I n herbivores such as mice, however, t he
and uaddant popul ati on of mi crobes, mostly from
Lachnospiraceae, which functi on?2?% %! btrne atkhdeo weno |ionnd
slow transit ti me, anaerobic environmenta and |
significant selective force, favouring t he gr
Bacteroidaceae and Clostridiaceae in humans and
mi €16 22, 33

Mi crobiota not only differ al omg atlroengl argi tl wadien:

with mucosal mi crobi al communi ti®s Trheipsr elsetnd ri anlg
however, is relatively underexplored in compar.
sampling difficulti eG&ur rpeanrtt inceutlhaord sy rieng uhiurnea nisnv a
as such most of what i s curarsesmotcliyatkmno vwm crtegadradic
ani mal studi es. Neverthel ess, due t oeastshoeciirat prdo X
bacteria are sitnng aicttienrgedtncasapotenti al key modu

1. 1. 3 Muwscsooscai ated microbi ot a

The entire SI and Colon is either completely or
of -fged mi ng muci nsl i pamydc,sparl antsd itrox,t t 6ul ubri cate | u
and act as a physical and chemical barrier ag

2
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ming the mucus hydmogelg. aAsphwealilcabhs apdesder
robes, the mucosal environment also acts as a
tides and i mmunol ogi cal factor s, such as sec
duct s t o prevemimndt  s&amcsled eat ipprnot ei ns such a .
taining 8, zymogen grahukeempiwbdtehasetg§ragadt Re
er mucus | ayer?3®EZndTotgled hmir c it dhteiset af act or s f ur
oni*4%¥Moorneover, recent work has identified an
al |l ayers of various organi sms, via bindi
ional layer t*6 IToget hmucoshkskatuacticaton to
the epithelium. Breakdown of this crucial b
mmat ory and malignant intestinal pat hol ogi
ed into an outer denselymost bynwi dedoldyef b
er patients with ulcerative colitis (UC) asc
, With increased bacteri al perfet Sami bay | whi
defMuwd 2 wtheincahodes t he maj or component of in
rate into colonic crypts, ulti®hatTenluys,h| etaidgihi
ation of the mucosal barrier is necessary t
s e
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i ttei gohft | tyhleroesg u lcaotnetdr o | and harsh environment
nts of the intestine harbours a complex m
al i sedi gniu)e oblees Mucosal micrlomown at d adi fl foermg
uminal environment. Histological examinatio
Os reported the preshapedofbadcseinatizmfubef m
e recent studies mmmcmsalk mMmMaveobrofal esdi hhel6S
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sseapture microdissection has been used to de
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os al and | umi nal mi crobi ot a, wi t h an i ncrea
inococcaceae obsepbpmnedcompianed? Al thee gsasmeani es
ermansi a , muse wBapadtlielraaindiieEsb act esrpipum as wel |

cali bpcaeshamegi been identified Lac thaubpacnisl, | unsh i

i niamiliulca sparedrivth®*®dAddi ti onally, using aspira
colonietcdlenéntj edi both taxonomic and functi
es. Here the authors wutilised a combinati on

adcei dbacteri al transcription with environment,

e species could have a different transcriptio
e res% ding in

ides the densely popucloandedr ohitetra | pgrul, atai s@ e

murine caecum and proxi mal coledanfatuansd adms o
i chment of Firmicutes and Proteobacteria in
presence of ai &g hRayr ed pegc isalnmesendi cr obi al t ax
oci at e wi t h t he epithelium. Al t hough this
roorgani sms or inflammatory/ malignant disorde
mpl es of s ¥y indasl 0d dicateepdi tthaect er i a, such as Se
teri a, whi ch adhere t o t he il eal epdi’t hel i u
mensal -agpghéhenhti ataxa are also |ikakcyopaeskhtu:

f ors seexsasmpd een etpioc | oci associated with ad
t hi species are often found in cl %% HBmlesoci a

| ayers of mi crobiota structure, Heom | ur
ective forces present in the | ocal mi croenvi
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the host environment selects for benign or ben
segregation of bacteria from hast | nkey atcd i @wnai. d iA

no fsicmd e investigations into how microbiota spat
been conduct ed, however di sruption in microbial
scale is a common eesing afn dgerwerpaat hiomgteenst i nal d
investigation of this is key to fully dihoesntangl

interactions to develop a more compl &te picture
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colonisation in the inner mucus |l ayer and crypts by s
Bacteriophages,cboaemiecr abicoly tangdoeivatniea phimetegtiialll pr
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1.1.4 Miacgtobienteractions in health and di sea

Lying at the interface between the | uminal mi cr c
the intestinal epithelntusm dmud cgri owmisdd oa aplsygibc anlu
host from microbiota. Composed of a single | ayer
(1 ECs) , the epithelium can be broadly categori
comprising enM ecreolclyst,esanadndsecretory, comprising

cells and entef%edthecrhiinggh cteulrlnsover rate of th
approxi mat &l yd aeyvser yi s3 mai ntained by intestinal

bott oowr yopft s, t dramed coypthfaTheskl £ontinuously d
give rise to all the differentiated cell types p
di viding nature and wunlimited expeaostion poomnti
[ umi nal environment and microbial products is

mal i gn®nci es

Under homeostatic conditions, the intestinal ep
coordinate to keep thel®BCcfaoabicoiani andhemekabbér ¢
as the Amiddl emano between microbiota and the i/
cells in thé®lPamhna psoparifially govRecmognibtyi onhe
receptors (PIRIRRe de&keptTornd (TLRs), which are e
basol at er al sur face of | ECs, as wleilkle arseciempt oa
(NLR%J° These receptors sense microbial I|igands s
acid ol fhagnd-oRctlieweamadiendNFt o secretion of cytoki
mucosal i mmune cells and |l eading to increased

muctu’s’® 7"Al t hough these receptors play-miacredi mport
signalling, there are a | imited repertoire of P
bet ween the microbiota and host may be mdfte impo
Met abolic cues from the microbi ota@abiadtsa ¢drnmpdwcde
broad variety of met abol ites, smal | mol ecul es d
mi crobi al met abolism, which exert a wide array o
of t hese -cshrad nsHarttt y acibast epirabdudedinbtflairbyt e on ¢
Acet at e, propionat e, and butyrate comprise 95% ¢

approximately 60: 20%22’0 |rEatsi oc arne srpeecd g rpiesbey e SECFA,
coupled (GPCR) ocepteesf afFFpARpcidhreugh which S
regulation of a myfi’adsofvehbstasfpnovidnsg a maj
| ECs, butyrate has been shown to regulate the
additionatld yl @ dtud anscription throlddh Moscowner de
both propionate and butyrate activate opyehioxh s ome

can acti-oateatiedma in | ECs, consuming oxygren and
anaerobic envirdhihemBi | enatheés guUBAs)t uari e da rcd talsesr
mi crobial metabolites, produced via microbial tr

BAs interact with IXEGQsecwipa otrh ep FE&R)m egsiok ¢ilG bi | e a
receptor 1 (GBPAR1, also known as TGR5) and have
the regulation of mucos al i mmuni ty, for exampl
modul ati on of T8¥% g Mbirfef erreechehn taltryy, @ hcoeprhtaan met ab ol
via t e dAroxlarbon receptor (AhR) have also been
hosni crobe interactions in the gut, by stimul ati
the serotonin HyRE 4 receptor (5



Host function alters microbiota composition but
host function. Hencéiosite dgult & t-daicn e apthisonii aslr o bh @i v e n
of this relationshipcomshtiifttisentn déere aftfad ot otf h e nc
mi crobi al products and metabolites, play cruci a!
ot her s can al so i mpact the host negatively un
met abolites, ssiechpisdd pwedHogaelml eami nes can di sr uj
genotoxic in | arge quantities, thus an increase
met abolites may pié&rt wOnb tIheEeC hfowsnc tsiiodne, mice | ack
NLRs hairgeghly susceptible to colitis and cancer, n
the inner mucus | ayer, further stressing the im
micr-obet i ntt¥?Yatndersd, disruption odmmdre fmuatowsrad
of multiple GI di seases, including inflammatory
(CR®)° I nterestingly, in inflammatory conditions
taxa skRomi ascbasubeen foundt he nmpil gyri mlgi otthaatt he ms
affect the®°muRegarldalyess of the source of dys
barrier disturbs compartmentalisation of the
and metabolites toawpecess the epithelial I

-
lo(®)

1.2 Colorect al cancer and the Microbiota

1.2.1 Coloréepabdemaontegy, risk factors and m

CRC is one of the most common cancers i n -men andc
rel ate®W deRQG@ his most common in individuals over
younger agét ghemuedi t ary di seases such as l ync
adenomat ous polyposis present an increased ri sk
genetic iprieadmsposh as these only accoun’ for a
radic cases-88&c odntalflorCRTO i nci dence, sugges:
tors play a centr al rol €% .95nCRGCh ei ndcei vdeel nocpeme in ¢
oci &t ecdhcwietased industrialization, with a sede
and sugars believed to be associated with t
| oped?®cPulntdded, the highest ratesfuocfop€RC i
Ameri ca, Oceania and East Asi a, and i n coc
pment index (HDI ), rates are ~3.5 times hi
ed to those wifh Rudtohveromormegdpasng by nde v e
tion from a |l ow HDI to a ht’Ph THDuUbI i hgiy, i
new cases in Western countries occur in
rtality rates arecdeakinigngno?e&it®l dembgt Ay

—
8]
QJB<“<"‘"U)OO:S('DC

Q 53T ® —F O

o

e lack of a strong genetic component and the i
rther support a role for environmental factor s
ctors appeagedasoe irnicyk.askordiexampl e, diet appea
iets high in red and processed meafxs!%SCerntnail 1y
mpounds present within meat, such as haem or
d chémipecoducts of the cooking process such as
omatic hydrocarbons 8% @b e=ictty yi < aamradtnlogre nriics
vel opment; each increase of 5kg/ m2 comBMbidons
nditions | i ke metabolic di-goadersysteamiud i nnftle:

0O Q09 9 0 a ™~ o
O ™™= 5 O T cCc T
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additionally presenti*nd’ iBfeyemdedi €€tRC oaotils&kr ri s
al cohol consumption and smokiansgs,ochattledofwi whi dm
incidence in yodhyg®rBpopmdrti omlsarly UC and col o
al so present a greatly increased Hisslbcofatcdadv elang
(CAC) . Epi de miamlad gisvees!| dheemedrast r at ed t hat 30 year.
results in an increased risk of devel oping CRC
respectlively

Regardl ess of t he initiating factor, tumour d
accumul ationspf amutatating oncogenes and inacti Vvea
ulti mately |l eading t o t he Anhall mar ks of cance
resistance to cell death, genome instab!tlitt y an
Thi suewvoh of a healthy epithelium to CRC gener
hi stopathol ogi cal and genetic and epigenetic alf
of CRC c®9é&9 ,( p0ogression of nor mal d mmlgon oc 4 lhles
adenecmar ci noma seguence, where aberrant crypts e

progress into advanced adenom@a!Befdt e mhi halhluyblk
CRCs arise according to the seccatred whnéedhplaansiia

hyperplastic pol yp, advancing to a sessile s
adenocarttliinemaese pathways involve distinct ger
occurring in''® Ihecihaddancomadena steygpuecradd yi si nitiat
of Adenomatous APEIl yposits ool il e@db-aogt ¢omi mneir @gmalel
promoting increased cell proliferation and suryv
pr oamc ogekKRAS i nitiatachgvaMietdogenotein ki nase
Phosphoi-Blismasae (Pl 3K) signalling whi ch furthe
resistance to cell deat h. Finally, subTRryI ent |
occurs, leading to t ReyY BReesc enft gmvomrkmeh asst acbhial | en
however, suggéeRbBwmc tlioossns may KRABuas bwdlolreas i mpl
KRAGctivation in invadsit!dhheansle medtasd aseéspl asi a

ot her hand KRAGOWRBTF v ipanoctoog B RA)F (mut ati ons and sub
CpG island hyermet wel &t iasn having a different
di fferent pat hogene!si sMetchhaann issptoircaadlilcy ,CRC e chr on

occurs imotleBD tpreo devel opment of genetic aberrat
sporadic CRC, however, the order and frequency i
TP5I130ss occurs as an early event in CAC pathoge
usaul 'y octldr Mol eAtPe@euncti on is |l ost |l ate in the

only in a minority of cases (<50-8ate®i mi pathway
upregul ated in the malogsihaoweovfere arthii asd wscptlivd dseir
mechanl skely i nBhdmmatdeppmMRIE ol s YW RABIULt ati ons al s
ur | ate in the pathogenesis of CAC, however
clé¥ sCAC similarly followsf ahiptedpiadthablogi safu
nges; however, this t&ogd)fef@nscbnomaspotadthb
cinoma sequence, disease progr essidoyns pilkmsCGAaC i
cinomaol'seNaeacehetieseasebsot Ar e defined by t
umul ation of mutations which encourage the de

O = = v 5 0O

ying at the interface between environment al roi
mi crobiota, with ealch ass&cifatcadrwistelpashitf ts i n
and function, potentially inducing dysbiosis or
which may promotie!®% 2hodforir georveesri, s many of these r
di sruption in intestinal homeostasis or barrier
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mi crobes towards the epithelium, promoting infl

encourage t umonutr. dCovnesliodpemei ng t hi s, mi crobiota

responsible for driving increased CRC incidence

Adenoma-carcinoma sequence

Advanced Colorectal
Adenoma cancer

Aberrant
crypt foci

Adenoma

APCloss + TP53loss KRAS
Whnt/B-catenin signalling

Inflammation-dysplasia-carcinoma sequence

. Colitis-
. Low-grade High-grade .
Inflammation dysplasia dysplasia ascs:rc]:éaetred

TP53loss KRAS/BRAF activation APC mutation
~ Inflammaton
~ Genomeinstabity
Immune

Fi guZ e Pathogenesi s o f Cod s ecit atl e dalrhaka ncaalecndoinsai n o ma
sequence (top) andy ¢ pmlecaasricad n@ maa tsieqruence (bottom),

8
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mutations in tumour suppressor genes and oncogenes an
of cancer and wheer epatthheoyg emcecsurs iof tCHRC and CAC are sh
pat hway. Created with BioRender.com

1.2.2 Role of the microbi otas siorc i apg endt a&£rwd @MU L C
cancer

Accumul ating evidence | inks changersg®eical eheetacrtr
analyses of shotgun metagenomi ccadlaomat haaxonamind
functional signatures of CRC in faecalevebhmpl e
bi omat’Ré'rXs However, whet her the i smses encea oda utshe
consequence of tumour formation remains uncl ear
mi crobes to CRC pathogenesis is also | acking. N
bi opsy sampl es from CRCs phamteaicl ecdadeumnde £ das
enriched in CRC patients and recentBunctesevedeb

fragnBssherichas el huabemdawen been mechani stical
pat hog®’®e°i snuc,) eadoumex daampl been sitawmeronbivand E
fadidhesin, actibwattiemdg nt ke gwigkt?t 1 Fumgt Ipkart iowacsl,e at um
can also elicit i mmune suppression by binding
Carcinoembryemeilat Adt iQ@mesi on Mol ecul e 1 ( CEAC,
| mmunoreceptor With | g 'ABd If Tilag id) dasmmnrneeng (agirli aene T )
gut bacterium and normally commensal, however a
B. f r(agTiBF)s, expzieesp @amyd e rmte me tBaalcltoeprroo tdeeassxaf m a g i |
( BFT) has been igestiitfiived tumobrsefilhm@RCepatsen

| est®n!$ETBF can induce tumour formation by indu
whi ¢ h cH-ceaadvheesr i n, tb-c@agemimgsWgnal |l ing and reduc
i nt e?dg3Ei.t welianother typical inhabitant of the he
encode the pol yklgg igeesmosnyct h adeand enabilbiancgt itnh,e ma

potent genotoxi npkBEEmp daratVaen tall ys,o tbheeesne f ound i n col
CRC pat?®efA4Ms crobi al metabolites may also play a
|l evel s of secondary bil e eadcibdys munl tGRxd eh asvteu dbieeesn

shown to promot?é*¥ ¥ JNAFdamhgemore, an increased ab
reducing bheselrfi awiBh kiegp whi ah produce the genot o;
HS, is also associated wWf% .h®°lam s mictre asfedclreé sk o\
mi crobiota and their met abolites are involved

guestions remaimcawead | whiioh tti ax® di sease and wh
progression.

The maj or tatsys oxcfi aGRQ@ taxa have been identified f
accurately reflect mi crobi al communities at t he
significantly from paired stool samples, and fae
adenoma, suggesting early changes in microbiota
mucold%*?2 |In this regard, under stvamidd mgo odurt hkee fmd rc
during tumour onset at the mucosa is important t

those which promote progression

1.2.3 Microbial succession in multistep colo

A handful of thetorted i €xapl aniom erhiscrexbhisal successio
the models which has gained-pabeemgetothwapot basii



model , Tdreisviedresnt species with the potential to p
i nducertfiommomati on, |l eading to irreversible chang
to properly adapt to the altered conditions, dri
and are ovefttadkend Dppyssarpdress whi ch atrlee arbd vel yt o
establistedani cnhg be benign or mayl!*gRiognojtee 3c anc
Driver bacteria are believed to promote tumor.i
hyperproliferative phenotype i pki#E.Cs.c owhu gecghe sctaend
i nduc e -sdtoruabnl de, abnreeuapklamidd yi, mpr opertdic eSHl@emrdm vesp @ur e

of organopklis+ tE.atstoadiso been shown to induce sim
to those seen in CRC, which mapyt e mpi a%lt-dtPe i ¢ dii
Neverthel esisialence to sumpksE:rt @okdi rodeedof ot her
associated bacteria, as drivers of disease is cu
of studies utilisdeamiges onngudwddexailgmws. tAneecent s
CRC patients acr-oascitmemadeseagpumance however i den
met abolite differences between diBaetrenadndiasnour

br anechheadi n aminochedds nemad ednusmadsa,c a@amd vbmMmi no aci c
derivatives enri dh*edFuirtn heamemnd sdkbtpges using met

model I i ng, have demonesnriackedtthaxa mangamlC\RChepmend
met abolites, -siempli winrad cnagdd es may mostly identif
bactlé% i a

Passenger bacteria may stil!l have some capacity
col onisation with microbiota from CRC paéenents
observed to induce a higher tumour mul tiplicit
contfolSsi mF.l arucyheat hemen i dentified as a passenge
t o increase in abundance with i nicsraetaisoinn gi nc am e re
genetically susceptible mice gener af* yThliesadmsayt o
suggest that, apadoemgdert hmodeli vimay represent a
l' i kely incomplete. |t is tcetraxaa nwhyi cpho spsriobnhoet ef odri
able to adapt to the change in environment and |
podtumeounrs et . Questions also remain over what wo
tumour formation ifrnew hse ufdiiresst tpol adcaet.e \‘hearvye e x ami r
along thecadeinoomma SsSequence, while the analysis
pol yp formati on woul d require | ar ge, l ongi tudi
Considering t heerdmifnfiincgu Intiyc riornb i cad changes occurr
progression in <clinical cohort s, genetically s
practical approach for identifying causal mi cr otk
commene ad tpurnoor i geni ¢ microbe, as well .as shifts
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Pre-tumour Tumour onset

= &
»@ﬁj%v
ﬁ ,@ ﬁ _® _® _&® ~@»
w@%@ -
'
4 N\
Key
Epithelial cell Mucus layer Driver
(Inner/Outer)
TiT) .
JGobIetcell { ) Tumour Passenger
® \ 9,
. _ J
Fi gu3. €lhe dppiavsesmrenger model of coloBetbak t umo ur g eonnes
environment al or genetic susceptlblllty all ows <col o
tumorigenesis by damaging the epithelium. Upon tumourt
t o expansciaon eodf esacstseexay at t he expense of drivers. Cr e
1.2.4 Midecnokrinalmodel s of CRC
Al though a variety of mouse CRC model s exist inc

azoxymethane/ dextran sodi um s-dkipvheadt ex e(nfoQM/abdSIXS ) mo
there are currently only a*®*hamidfthiln e¢fthespprntnd neaeu
the most commoApPY "feswesde ,i sdrtiheen by a truncation
homol og of the tumour suppoleyp os A gicedepd"f@id@® o mat o
devel op spontaneous tumours and are often comb
determine modifi €%°s158Ifn taudndoirtiigoenn etsoi si nvestigati n
researchers haverfobcws @ad asnat medmilat or of tumour

(GFAp®"'mice developing fewer tumour s in the S
count elPpaDetsspi te the common use of this model in
i's questionabn eCRMMEI"fnikee hpmiamar i ly develop tumou
hereditary condition forming the basis for the

human c%®ncMorseover, although the microbiota is c:
foami on, they are not necessary, thus | imiting i
di s etals.g®?

I n recent year s, a s mal I-d rniuvnebne rmoodf e | psu roefl yC RG ca o
been discovered. OvZeerhe2xe rtgrdaancornrfi@@E ) rofi nv-ol ved i
tamesenchymal transition was recently shown to in

on the m*trodibnotfai nger pZfop)@0hnas9 0alhsomoblecegn (d e mon
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promotmné | amthat ven tumour f ormati on i n mi c e, an

mi crobiot&a*d&pmetaohy, work from our | aboratory
active nuclear fragment of activating tturmomugcrip
formation independent of <colonic inflamhadti on a
| mportant| yde preincdreontti omcadel s such as these wildl

driver taxa or communities, whifliec agii muml toaf n emmauvsd
processes goveirorsitng nmieadracclte ons i n CRC

1.3 The unfolded protein response and ATF

1.3.1 Unfolded protein response and ATF6®6

ATF6 is a transmembrane endprpdtasim ci metheulbZmP
transcription f actroegui rAil mgage pwzat dalhRiEls i 6 béi n ki n
Rl i ke endoplasmic reticulum kinase (PERK), ATF®6
unf ol ded protei® ,rezspoevenagdrfPRconserved mechani

intracellular stress induced by the &a%cWmuleati o
normal conditions, ATF6 arfdarteh ek eopttheirn aammsi noaf c tti
Glucoegul ated pRP7t8)i,n hilBwe(v@ r , upon accumul ati or

GRP78 binds to the exposed hydrophobic d&dmains
transmembrane protei nsERi kiatcihataegsn afs dapeer auPeR pr o
restore proteeosdasa st birs danndt be adchigav.ed, 4)t er

PERK acts by attenuating gl obal transl ation vi e
initiation U)aR®Ebm 2hAe(®th2r hand, dimerises and
actinw,atdxxposing its RNase donrmdxn,birnedsiung ipargotieni s
MRNA. XBP1 upregul at es genes i nNnaebkvedat ead fmwr ati

degradation (ERAD) dh’d!°8Addi tlii nr al Isy,odtgheeasdesa g ul a |
decay (RIDD)sellfREils involved in thel!dedTBBancbS
in concert with XBRHuand omponr@dmPRI| ocates to the
by S1P and S2P proteases into TR6)acThve pbagmea
translocates to the nucleus where it induces tr
involved in folding and maturati on. By | imiting
activity of proteinhiokdiyngthedesebreti pat mways
ER stress. Proper fERinsc ttihoenri enfgo roef ctrhuecitAHR t o mai n
nor mal cell.ular function
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ATF6 PERK IRETa

% B R e Qg

GRP78 >
ER lumen GRP78 —p:

Cytosol

) ‘/ v Xbp1 splicing l RIDD
% E ANANANANANS
) Protein XbpT mRNA
Golgi | translation l

Targeted XbpTs mRNA NN

S1P \ translation
v
S2P
ATF6p50 ATF4 XBP1s

Nucleus \
v
NS l,fx‘). ONONGR AR QQI RN \ QQI_—MQ RO}
ERAD CHOP signalling ER chaperones
ER chaperones Amino acid biosynthesis ERAD
Redox Lipid synthesis
Autophagy

Figuk e Activation of the endoppaesemecnhredppohsemnsinfigl d
unf ol ded proteins GRP78 (BiP) di ssociates from,the t|
activating themUmeAdiF®t eadn dt rlaREslcr i pti on of XBP1, func
capacity andc hsaypnetrhoenseiss, omfhi | e PERK functions mainly tc
folding burden on the cell. Created with BioRender. co

1.3.2 ATF6 beyonrpd ottheel nu nrfeoslpdoends e

The ER is a m
i mportant r ol
of cellwPathe

ultifaceted oAgamgs$stl et wesd, di her ER
e in the synt-besnd pfosecnetaddatht:
i

BRdss thus intimately involved in
function can t hermeffedcrtes hoanv ec ekinlouclkar met abol i sm.
three ar msERodsthlesPReen shown to play an i mport ;

particularly re@XBBILngfbipiekampl RE1regul ates gc¢
synt R¥sli®swWi t h respect to ATF6, the Site 1 and Si

ATFG6 into its active fragment, al so act on St
( SREBP2) , a primary regulator of chol eantAerf &I me
imi bits SREBP2 target gene expression, implying
l i pid mé&%’aMmolriessmer, various studies have demons
modul ating l'i pidnAheOBpoluipsmguHeatr ed ng efnaetst yi navoil ¢
synthesis and el ongation, ultimately |l eading to
di seté3 %4 mportantly, | ipotoxic stress can also a
sphingosine and cer a-mbdenikcaglvdsai omhi ®i tnioant e s a
transcriptional progr am, preferentially activati

ER chap®¥fPones

13



As wel | as playing a role in the modul ation of n
i mmunlint ya murine model of liver ischemia, prol or
alters the response to TLR sti mulmftlisommatsoirnyul &
decreasdimgl ammiat oryl cywrivtkideese al so samemtrtsf t h
ATF6 B &€tivation via Yhotpbdoeybdati ext et Aat AT

in both metabolism and i mmune regulation remain
i nvol vement is restricted te UPRsapartcetlul aypegsi
in cells with a high secceltlosyamegmangmenrt| ssaot
epithelium, thus ATF6 signalling |likelW2’3] ays a
Il ndeed, | ECs arentdi qhlldy t senakltgpr Wwame high ener .
facing constant i mmunol ogi cal onsl aught from t
i mmune regul ation atodA nseytnatbhoeltiassne, |Acnyg chain f al
enzyme convertidmsg ifnrteoe-Gbta& tt eyyg taecysl, was recently

ATF6 signalling i-eB lamQs Kl eaacdtiinwaTtinoh’der @a$ $i aspeft
of metabolic and i mmune signalling in | ECs may

di srupttihoinss ptact hway cownl efheace skbeglobndERand rol e
restoring .proteostasis

1.3.3 ATF6 in intestinal di sease

Activation of the -IlUPvRed sornotrentanhilnyatsehsoritn apopt os
unresol ved osrt rcehsrsoniisc iBE0RR ol ved i n various metabo
particul arl y'S-Ad’3Dhekeli médrcbgilmne chemically induced
colitis, for exampl e, |l eads to enhanced EtR stres
|l oss of goblet cells and!Pahneadhdicteilolnsa |l layg g radbveatri:
signalling have al so'’?2b¥&Reciednetnityi,f iwea iidenltBO i ec
transgenic activated ATF6 ankK6 CIRIC. mBriiand ell ECs ,acn
spontaneous intestinal tumorigenesi s, with a |o
penetration close to the epithelium preceding tu
occurred in the prarymaeki sopiong, aohimakeCRC model
patients in The Cancer Genome Atlas (TCGA) d e mc
aberrations in ATF6 whi ch wa sf raeses oscuiravtievda Iwi t hs urgec
model is huhMan®ewlevamter | ines of evidence furth
ATF®6 i n human intesti@t@liadceanntc erise.d Hann aiokar ease
precancerous | esions in CAC and CRC, finding h
transformati arcc wifi’dhyAddigthi omaldliyat e ATFR6pr egul ati o
oncogene Cancerous inhibitorCl®RADpast dierenpHoumh
contribute to poor prognosi s!'by maintaining canc

These findingsnpbrnantatyetn rel atively wunexpl or ec
tumorigenesis, with potenti al mechani sms underpi
nNATHEG i ven tumour formation was dependent on the
occurupionng nATF6 activation prior to tumour form
transfer recapitulating disease state, the missi
i tsyatmknown ability to modul ate gut microbiota ¢
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2. Aigsudky Objectives

The role of the microbiota in CRC is wel/ establ
with tumour formation. Despite this, whet her as
consequence and whethersthgatediumoti genesobsved
progression remains to be seen. Mor eover, patt
alongside tumour devel opment are also poorly wund

delineate putatively causal framdey st amale m gmi
tterns of mi crobi al succession during tumorig
ngitudinally sampling human patients -onwer the
gtumour microbiot a, suitabbetmettséeéehmedalypobhes
rrent model s however, tumorigenesi s, althougt
nerally occurs independently of microbi al i nv
eir exact contr i buwt iwonr kt of rdims ecausre .| aForoervaitoour y
allelic transgenic activation of activating
crobependent t 4o rNogteanbel syi,s t ransfer from trans
ntrol mit wenotait meproé nt s i nto susceptible mi c e
ggesting nNnATF6 activ-aumoni gné gihe¢ mihampebiaotpar,o w
tabli$shedupr e

T -
a O

('D(IJOBO""’(QO'O_
w cCc o " ~—"TTmCc OO0

we ai med tda iwteinl imnbaden ATFRR6s a pl atfoem t o ex
r to, at onset and with tumour progression i
rRNA profiling of metslocil atmé ch almi amab inoutcao, s a
vative method of describing the ispatiaald or
ormed untargeted metabol omics. We additiona
i mpl ement edde ptthhe cshaamea citner i sati on of .the micr

o =5 ((pn— =
o] o o

5 ®D® > oo D

0]

in, this thesis iBhérfoiarddltg ssedthiesn hhe shar pa
contrast of microbial commumritffidiese f r Wen wti if If ie
rRNA sequencing, to deatseorcniantee d hnei curtoibliiottya oif
eria driving tumour formatiSeconpdéve tslkedt owft

rstand the spatial structure of mucosal micr
ore bbwndéds sumdiegeniucm condi ti ons. Her e, we
me sectioning the mouse colon into 0.5 x 0.
ni §ai,irdno. examine microbial contribution to
nfl ammati omAtvf&i ceo ws & t -11@he feird ie@ltioné gener ating
NATHGE i ven model of CAC and assessed the impact
activatlildmoarkdut (KO) on tumour Ifrortmad ifomuratnikd drt
parotfs t hi s wor k, we additionally carried out t he
nAt'ffodel , to determine if similar patterns of mi
Finallty under st and how nATF®6 act irv atth eo n meatnadb otl u
environment and | ink microbial shifts to host <ch
t he mucosal mi crobiota and host/ microbial met abo

= 0O X o oo 0
Q@ ST oo pna -~

T O mwW odCcC TR, O T QT T LT T
Q ® — D
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3. Materials & Met hods

3.1 Phenotypic characterisation
3.1.1 £t ot ement, mouse breeding and housing

Mouse experiments were approved and carried out
relevant | ocal authority (Regieruhyd26i32d-fdyer n:
/| 5B5522. V265802 pAdrli nexnt al ani mal s we rpea thhoougseend i
free (SPF) mouse facility at the Technical Uni v
Wei henstephan). To mitigate potenti al cage eff
cohoused wheéerPe Tphees Ef6IbInB® use model was first gene
thesis work d%° HeaAred oLie@oinegenmi ce were crossed wit
(I'1)Y20KO mice on the same genetic background (C57I
thesudy are dleasbdreibke iie@cei ved a standard chow

Germany) , and aadodlidnddawmenéeemai nt ai neehowmder c
| ight/ dark26A€l ePuat td4the severe phenottyape of
ani mals were carefully monitored and scored bas:é
| oss, rectal prolapse or other signs of poor he

was reached.

Tabl.e Mouse Igerrest yapmed descri ptions.

Mouse Model Genotypes|Characteristics
nAt £% nAt f/é! Fl oxed controls
nAt ¢/et Monoal l el-Cte Vditilveaen

expresniAdiinbolf ECs

n A ¢/tg Bi all elCre 9Yrli VMiem const
oh Atifne6 | ECs

n At Ef61 /10 n Atffrg ! FIl oxed contit 06kRBoekGLOI

nAt¢/gt: Monoal l el-Crce  Vddil vean
expressnédnhf fl ECs 4 1
knockout

3.1.2 Gnotobiotic Mice

GF mice were housed at the Technical Uni versit
Wei henstephan). m&iFntsdianawds bwashousing in sterile
cultivating faecallhabhgopersAoaeWob&ep¥WCA) agar (
UK) as wel | astpeniadi of gfamcal smears

(

3.1.3 Genotyping

Tail biopsies omA¢&BNnpAthfFhl &lsdi E e omer e placed in |
containing-HCO, mBOT miMs KCI , 0.45 % Nonidet P40, 0
Proteinase K was added to this mixtturae ansdACs ampl
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Proteinase K was then inactivated! bgf inaiubabDNAN
added to a soludli @x ®Ownrett aigniMagt 0 mi x ( NEB, Il ps\
respective primer combinati ons.coRfrdiimdronsse cau een ayd s

Tab?e Genotyping primers used in this study.

Targe{Sequence (Concentrati|Produ(Program|Temper at
Si ze (AC) / Ti
NAt f 6 |55TCCCTCGTGATCTGECAAQRT ]| WT: 241l ni ti al 94/ 60
(Rosa|5-ATCAGAGCAGCCGAIN T[GITXS ]| Mo d : Denatur g
| ocus]5GGCGGATCACAAGCABATARD Denatur 94/ 2
Anneal inb58/2x30
Extensi d68/ 2
Final EX68/ 60
I 1720 5GTGGGTGCAGTTATTGTGB@TT | WT: 2¢(I ni ti al 94/ 60
[ 200] KO: 4!Denatur g
5GCCTTCAGTATAAAAGEGGG Denatur g94/ 2
[200] x 35
5-CCTGCGTGCAATCCATCR2DG Annealins5s/ 2
Extensi 68/ 3
Final EX68/ 60
Vi Fdriel 55GACCATATCCACCGAGTX0CO ]| DNA: I niti al 94/ 60
5-AGGAATGCGATGAAGBAGARBG|TG: 3(Denaturse
5-CCTTCAGCAAGAGGBTGEa0] Denatur g94/ 1
5-GAGACTCTGGCTACTCARTCC Anneal in58/ 1x30
[400] Extensi 68/ 2
Final EX68/ 60
3.1.4 Histology and tissue staining
I ntestinal sections were excised and opened | on
Sectionrsolweede using the fASwiss rollod method and
buffered for mal d'éh ySleemgloas 4we rheoudeshydr ated aut om
TP1020 (Soest, Germany), before embedding in pa
EG1510 C) . Unl ess otherwise specigm ddeitcias RMR256E9 t.
3.1.4.1 Haematoxylin & Eosin staining
Sections wer e incubated for 15 mi nut es at 65 /
subsequent HaemaBoxgdomnf ,( M&ei many) and 0. 2% Eos
Germany) staining, including a bluing step (bl ul
automated using a Leica ST5020 (Soest, -bGesremdany) .
mounting medwumMMEK imper e, Darmstadt, Ger many)

3.1.4.2 Pe$chidifi/ alccidan bl ue (PAS/ AB) staining

Formdliixemd -pmbetiied (FFPE) sections were deparaf
alcian blue solution (Fisher $cmentutéeitp Btaiaie

17



(0.5 % volume/volume in 3% acetic acid, pH 2.5).
solution (0.5%) for 8 mMinutes before staining f
was developed wiwar hweawars hesr i 2. 5 minutes befo
haemat oxyl i n, dehydration, a n db assuebds emautemtti nnmgo ume ©
(Merck KGaA, Dar mst adt , Ger many) . Gobl et cel | r
regions of appymptxd maawdryagedc, cand expressed as t
cells gndB. 1008. 3 Carnoy fixation

To preserve the mucusin apigbuif dirs aFtliuconr,escreopene

intestinal sections were pinneidn uGarnngo yad sn eseod luet ie
Anhydrous absolute methanol, 30% Chloroform and
were dehydrated by subsequent washes in anhydro

et hanol (2 x 15 minutes), anyl &nen/adtl hya nxoyll eln:el ((25
before paraffin embedding.

3.1.5 Histopathological analysi s

Combined tumour and infl ammati on scoring of il
coll aboration with Dr. Katja St efi gheart haonldo gDyr,. KMair
Rechts der | sar. Ha e masttoaxi ynleidn tai nsds ukeo ssienc t (i Hb&nE) we
based on i mmune <cell infiltration into the mucoc
damage, and atypial/dyspl asi®al®2a addprte winaad sl lyy, ¢
associated with inflammation was also consider ed

3.1.6 I mmunohifsitwarheesmdaemtl /st ai ning

| mmunohi stochemical (I HC) and i mmunofluorescenc
caedi out as previtdbushybdiesftri betddes were depara
before antigen unmasking by boiling in 10Mm citr
nonspecific binding, sections weeeibkbbotkedstaoaont
antibody was raised in (Blocking buffer: PBS, 5%
Tri t-b@dO0 X. Respective antibodies were diluted in
0.3% Trlid®n tXo workingabkloecé&8and at hoaoabgted with

overnight at 4AC. In the case of | HC, the signal
Dreieich, Ger many) before counterstaining with
sections were incarbhareyd awrttihbotdhye fsoerc 1 hour at
mount ed usi tbbaasad waovoemti ng medium (Aquatex; Me
Germany) . |l mage acquisition was performed using

Freising, Germany) andras€opevi Olwy mpa 9| Shinjuk
and | F respectively

3.1.7 FIl uome shaydbrucied i (sRaltS H)n

Fluor eiscemitbui di sation staining was ca° rBreide fol uyt,
sections were deparaffinisedpufébyddatedmabhddhir
mi nut es. Ti ssue sections were then wathed b(p&f 2%
Tri-X-b@0 solution, 20Mm Tris, 2Mm EDTA), suppl eme
minutes at 37AC. For hybridisatdommjuggeaetcdd-om3$B ks
GCTGCCTCCCGTAGBGGAN®T scramblFddiCl abel nechn EUB (50
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ACATCCTACGGGAG)GCas a negat elvestcemitireo |l hyibr i1d0iOs at i
mmol /L Tris/ 0.9 mol/ L NacCl and 0.01% volume/ volu
7.3) overnight at 468A@inéSecwi oo RWegame@daecant i
europaeus agglUiabhie mhld CUEALI)XrEi amirdphern yt Ihi d &I e
( DAPI ; -ASidgme h, Tauf kirchen, Ger mamayged bmedwmrtei nny
medium ( Aguat ex; Merck KGaA, Dar msthhat e piGehl earainwn
was quantified using Volocity software (Quorum t
colonic compartment (Proxi mal and Distal) five
within five separate regions and averaged.

TabB3e Anti bodies used for i mmunofluorescence and i mmun
concentrations.

Pri mary Antibod|Manufacturer |Di|ution
I HC

GRP738 Abcam, Cambridge (UK|1:200

Ki 67 Cell Signaling Techn|1:400

USA)

I F

HAt ag Abcam, Cambridge (UK|1:100
Secondary Anti bManufacturer Dilution

Donkey-r amhiit siflLi fe Technol ogi es, Ci1: 200
Anti body Al exa

Donkeyr amiiit , H Di anova, Hambur g, Ge|l: 300
peroxi dase

Ot her Manufacturer Diluti on
UEARhodami ne Novus Biologicals (LI1:1000
DAPI Sigmd drich, Taufkircl:1000

3.1.8 Gene expression analysi s

RNA was isolated from whole colonic Swiss roll s
compound -ARl aharSE Ne®g®&Ei;f iTher mo Fisher, Kalamazooc
80AC. Sections were resuspended in RAlbbdfudfer (|
homogeni sati o-gawge ngt ear i2l13eemeaddI® tehndth® ei t ol |

Karl sruhe, Germany) was added as a reducing age
Nucl eospin RNA mi ni Kit (Macherey Nagel , D¢roe
manuf acturer ds instructions. Extracted -IDNDA was

Spectrophotometer before synthesis of c¢cDNA from
to c¢cDNA using the MMLV point mut ant kit (Promeg
hexarnse t o pri me synthesi s and Mol oney Mur i ne

transcriptase (all from Promega, Mannhei m, Ger mi
of the reaction nliaxbtlver e e eexptas sieadni was measur
Liglytcl er 480 (Roche, Mannhei mbaXxed maatyhod uf uhi g
probe | ibrary, Roche, Mannhei m, Ger many®ct Expr e
met hod and nGamdhPsiethet osequences used in this ¢
UPL probes aTeablséhobvn i n

19



Tab4e Protocol for c¢cDNA synthesis.

cCDNA synthesis Com Vol ume per(ehsampl e
Rand#lmxamer g 3200ng 1
5 mitng® AC
5 muitngd A C
5XStr 8ud  Bromega) 5
Mol ecaurlaade H2O 3.1
rRNasinE (Promega) 0. 6l5¢
dNTP Mix 10mM 1, 215¢
MMLV ( 2100U( Promega) 1¢
0 mitesAC
0

1
5 mt #8 AC

Tabbe gPCR primers used in this study.

Pri mer Name Sequence Probe Nun

At E@dogenous F: GBEACGAGGTGGTGTBAGAQJ110
R: -GACAGCTCTTCGCT®BT GGA

Attt 6t al F: CEACCAGAAGTATG&GTREC 7 3
5GGTTCTTTATCATCGEGGCTGC

CXcLgom o F:-ABTGAAAGCGTTTAGGCMARA 556
55 AGGGGAGTGATGGAGAGAGG

Gapdh F: - TECACTCATGGCAARATRCA 9
5TTTGATGTTAGTGGGEBTCTC

Grp78 F: CIGAGGCGTATTTG&GGARAA 105
5 TCATGACATTCAGTGXAGCA

Mu c 2 F: GBECAGTACAAGAACEGGERAG6H6
5-GGTCTGGCAGTCC-BCGAA

Oasi s F: -GBTGGAGGACACCAC-BCRAS81
55CCATGATGGAGCAGAGCTT

Tff3 F: GFAACAACCGTGGGIGR:TG109
5-GAGCCTGGACAGCTTBCAAAA

T nOr F: T&ECCTATGTCTCAGGXTR:T 49
5-GAGGCCATTTGGGARCTTCT

3.1.9 ELI SA measure2ment of Lipocalin

To generate faecal water for ELI SA, frozen faeca

of sample removed using a sterile speawail@hedhi s

Eppendorf tube containing O0.5mm glass beads. Ba

1:10 in sterile PBS and vortexed for 1 minute b
sultant supernatant was et raanmsfcemned ftugea

The re

60001T g for 5 minutes. -29adM@plbed ower & swtasrléne asta I ie o
using the LEGBNBeMAXAL -2)1i Bbc&8AikKit (Biolegend,
USA), according to the manntffrrztiuocrerwas i hestt e umit n &
standard curve method and expressed .as nanogr ams
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3.2 Microbiota analysis
3.2.1 Sampling of moasseocioabaeadcmmacobiaot a

To sample colonic tissues-afssroct heednml gsbdbbi mtfa,r

eut hani sed, the colon removed and then opened |
content wusing a sterile needle. The tissue was
content was removede fTheBuexeseséedonsi wgmeatsdadkr il
with DNE (Awasyher Scientific, Dreieich, Ger many)
fragments. For the analysis of spatial microbiot
grid and i ntdiiooneddiaddiyngea scal pel and cleaned wi
cut. Each separate 0.5cm x 0.5cm section was con

80 AC before DNA extr&ctgude AhH segpenewiemg Car
| ami nacakbfil oes .
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/ X / \

\ (
Euthanise mouse and excise colon Open longitudinally, wash and
sample 0.5 x 0.5 plots

CITTTTTTTTETT]

Spatial resolution of mucosal 16S rRNA profiling is performed
microbial communities on each plot seperately

z-score

Fi guwrSec hematsipatofl organisation experimental design.

3. 2Ex2 veawloti vation of cae<cdlainoritad ety |l dard €l @

Caecal content was harvested, i mme dn Aattféldiy aft e
nAttf*é'ont rol mice respectively and dilu#8@&d 1:10
On the day of the experiment, cabral conditenhbnsa
mi nutes, then |l eft for a further 10 minutes to &

then removed, and sampl e Cweppedi MeatedCarBBhydr .
(BD Diagnostics, Sparks, MDdi UFSAt)o agmaeln athyeme .p oDhH re
replicatlswerfe2®iOpetted per ti megoiot-calaaidmgeabdt y
acid soluti oamclonNeariwma migc Oa cdi @mo(l 2 4e:alc,h noif9 )B eahredn i 2
and Eicosanoi c dadceidho@@2 O s@mpwas aere i mmediately
remaining samples were incubated far 7 hours, in
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3.2.3 Microbi al DNA extraction from mouse ca

DNA extraction from frozen wsiencg|la cronandiefnite dvawe rce
protocol descetbd4tdBbiyetGbdpncaecal samples were h
and transferred tcoapauBtipopcd nadvoerdf stcubeews containing
(0. 1mm Carl Rot h) an@@lk eopft DoNA isctea.biToi stehri s(,Ma6c h e
Germany3gl, 42MO0Guani dine t hel o-tNg a rseatrgcloamc e 5@ s ad

Samples were incubated wunder moderate shaking (
achieved via mechami chrdstd2r4erpppthdomewi eh ( MP Bi ¢
Eschwege, Ger many)-s eucsoinndg ctyhcrl eees 4alt a speed of
PolyvinylpyroliddeMmledr i( VPP ;Ta Usfi ginrac h e n, Ger many
homogenate to remove phenolugcadrntommiar atli5q 0,0 04 egf d rc
at 4AC. The resulting supernatant was recoverec
conditions, resulting in a c¢clear supernatant <co
10mg/ ml RNase was addeadlt ®NdAegnddenbabanéeéed at 3
under constant shaking (700r pm). The resulting
Nucl eoSpin E-upDNKA tcl(eMancher ey Nagel, D¢ren, Ger
manufacturerds instatuicarn oasd ghei tcyoncfenextracte

determined usi nglO& ONaSmpeedrtap pMDtometer.-28AM@pl es
before sequencing

3.2.4 Microbial DNA extraction from mouse coO
3.2.3.1 DNA extramtion and c¢cl ean

DNA extraction from colonic tissue was performed
samples were extracted wusing the same kit bat
contamination betwenTidbsbliesewerdatsttheersd ei n ylsd G
(20Mm Tris/ HCL, 2MX1EBEDTA,pH1% WBruiptpdremented with
and incubated for 1 hour in a shaking incubator
(Macherey Nagel , waer etnh,e nGeardmaendy,) and samggl es wer
hours (until complete |lysis of the tissue was
(950r pm) . Downstream Wwgrse spamfdorcrheedanusing t he N
(Macherey Nagel ,y)D¢gaemqgr dGenrgmatho t he manufactur
concentration and purity of extracted genomic
ND100O Spectrophotometer. Bx0tArCa doted d r N A evgause nscti onry

3.2.3.141 nSpi ke

I n order ttio edwa dteittea mi ne t he number of 16S r RNA
known amount of artificially constructed 16S r R
were processed as above, except mucos al sampl e
addi ti oins obfuflfyeg elt osowhiitdlonl containing artificia
sequences at a concentration of-id5@Gpgiumhcesi we
adapted fromtTahmldo ws EFabhlit&te&d in
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Tab6.e SpiinkeDNA sequences.

Na me Length
Ec5001 1525
Ec5002 1525
Ec5003 1525
Ec50014 1525
Ec5005 1525
Ec5501 1525
Ec5502 1525
Ec6001 1525
Bv5501 1520
Ca5501 1495
Ga5501 1508
Tb5501 1554

3.2.4 Microbi al DN A/ iexal Ir micy abed f c @enc al cont e

Mi crobi al suspensions were centrifuged at 8000T ¢
subsequently extracted wusing the Nucleospin Mic
Gernman, following the manufacturero6s ei npstngteiadn
of 0 o increase concentration. L y2s4i sb ewaads baecahtiea

(MP Biomedicals, Eschwege,s eeammncgy)c lues i.altgs nad ssp eneg
3.2.5 16S rRNA amplicon sequencing

High throughput amplicon sequencing of the 16S
descrt¥’beldn brief, the V3 and V4 hyperv-atepbl e |
protocol, usi ng ptriane3 4 pfa-CET4CBABGBNGAOCWBEBEAG785T

O GACTACHVGGGTABGOGNAATWICt h 10x15 <cycles for caec
5x15 for mucosal samples. Samples were barcoded
t 18381 The resultingpuampfliiecdonissiwegr eAGENCOURT AMP
Beckman Coulter, Krefeld, Germany), pooled in e
'l umina Mi Seq system (Il Il |l umi-emmd mBade Dl 2g»,2 TAhp
eads wer e processedchiswngpd MNBS, URARSE/ USEARC
i petfP%i-h°@®Sequences were demultiplexed, trimmed tc
nd merged. To remove spurious sequences, a |l eng
mplicon size ofhéd4ébpmalt emovi hgn 300 and | arger
aired sequences were then dereplicated and de
mpl i con sequence variant s a(dA3\ss ;0Tadllss oo rk zoOMNU sg s
rue biologilé®Art seguoeated6S r RNA sequences in

numer ated and then removed using a custom pyth
eference sequences aga%?ndaxbhemypivhke aegqugnedsu
| assifiert®yeFasmpolne s2.wilt h | ess than 5000 total r
nal ysi s. Since | ow biomass samples are suscept
purious <conclusions, al |l mucosal sampl es were
econtamove putatived*cdht ampaahtge utilises the
ooled DNA concentration prior to sequencing anc
egative control s to identi fy putati ve cont ami

ST QmW YO SO0 FTP>T OO QDT T T /0D RO
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perfor medi sw€drht affuenatniton using default parameter
were performed using>RWBaiahtlyphpr8Sdsegbles were
mini mum sum scaling or relative abundacbeesAl phe
Shannon Effective and for phylogenetic di°wersity
To assess differences between groups, beta dive
Uni Frac distah®®e Meg@UdniGUnaicAr a€ordi asigmivieaarr i s gymp |
calculated as the dissimilarity to the respectiyv

n

c

identified using the Linear Discriminant anal ys|
di scriminant anal yrséeshdlhd esftho3 do ,( LtB&R)A°%Thhiet tfoatlasle
16S copy number-imasmeasaoamnesneinkewas calcul ated usi

[

- - T 2E

0 wi édibdi)di)'@'Qd)é—%a—Q—'(i)

[

whesies thd nspiekaeds par raaamdplmd,y chosen samphke to
DNA concentrmabtacotneriinalngr,e ad sw,tpheer vseainghte oafndt he r
sampl e.

3.3 Metabol omic analysis

3.3.1 Untargeted metabol omics

Untargeted metabol omics measurement was perform
Miriam Wi mmer (Chair of Food Chemistry and Mo
University of Munich) ahnstAnduteaesf dQunkedde( Ees tban
Technical University of Munich).

3.3.1.1 Sample preparation

Sample preparation was per fl8r Bad eads ypr emoiuses Icya ed
(~20mg) or tissue (~25mg) -hwasedni xxtdr avd tt iho nL md o Imee

bead beaudbe (CKMi x 2ml, Ber tli#r eTteocnhnneoul xo,g i Fersg n cMeo
with ceramic beads (1.4 mm and 2.8 mm ceramic b
using a bead beater (Precellys Evolution,g Bertin
module (Bertin Technologies, cooled with 1liquid

seconds, at a speed of 8000r pm. Subsequently, tFh
10 minutes, at 6@I00ofpmsupgemmadat antellWidat emf natdl wt af
solution (7 Omol /1) and injected-offhti @htt hena dd
spectromdOBMS)(ls@stem for untargeted anal ysis

3.3.1.3 Liquid -Chmemat-&gsapglpectr omeMBYy (LCTTOF

Unt argefT@mMISLE&nal ysis was carried edwtdlPds Rreisaefrlip,e
unt argeted anal ysi s was per fhoirgnhe d p eornf o mma nEExi o

chromatography (UHPLC) system (Sciex, Dar mst ad:
Tripl eTOFNti ng&cuee, Darmstadt, Ger many) oper at
el ectrospray mode and calibrated using ESI posit
Dar mstadt , Germany) . UHPLC phase separation wa
hydr optleirlaicda i omt stationary phase (HILIC), on a |
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Aschaffenbur g, Ger many) and ACQUITY BEH Amide ¢
respectivel y. Mass spectrometry was performed u:
recordedsensai hi gwhty mode

3.3.1.4 Metabolomics Data processing

Met abol omics data processing wast8’peBrfioerfnheyd aRsa wd

files were converted into Reifycs Abf (Anal ysi s
peak picliemd owamed -DuisAilngs oMX ware % eAsi gmménbt2 wa
performed across al/l samples and the peak area
further analysis using the R statistical softwal
on QMpsas, employing the meteho2dd|fdee sklirli bfeeda ti inr enge |
then combined into a single table and further n«

anal.ysi s

3.4 Bioinformatics & Statistical Anal ysi s

3.4.1 Fupctemwmtiniadl prediction

To calculate predicted functional profiles base
PI CRUSt 2 v¥®?PsFARTAR .f3iles of representative seque
ASV tables were used aspiienputpifpoerl winfiee pyomman d :h
PI CRUSt 2 pipeline, aligning and placing the seqg
16S copy number, Enzyme Commi ssion (EC) and KEGC(
of these by 16S abundMana€yangat hwalyby bynfced $ aps
according to their associated metabolic pathway.
perfor mance computing envi-cbomeat, syst emsiang tth
Rechenzentrum, Garching

3. 4. 2stSitaali anal ysi s
3.4.2.1 I nferential statistics

Statistical analyses were carried out using R
GraphPad Prism (version 9.00; GraphPad Softwar e,
mean of two groupstt eusnp aoirr eV |sctouxdoenn tadpspt o waisatues e
Di fferences between multiple groupMalwearse tteesdtsed
testing differences in frequency, Fi sherds exacHt
using the effsize R padckwpedhenpaltcesdi nrags G chhee nmiesa n
di vided by the standard deviation for each pair\

diversity, mul tivariate statistical testing wa:
analysis of wvari d®"wtee(®PERMANOVWPA}) i al data were d
esti mated scatterplot smoothing (LOESS) , an e

i mpl eme ntsetdati_nsfruchoat thi on 2% f Fggphoe2archical cl ust e
intensities, wiar doS8edvet hodl e compari sons were
met hod of Benj a?2hi nUnl&e Ho chtbreergwi se specified all
mean N standapvdldesi atDo0B5 were consi p<elr.edd =s*t,at i
p< 0. B Ips 0. 0 1p<*0**0,01 =*** *) |
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3.

4. 2.2 Machine Learning

Supervised classification of mucosal and | uminal
SI AMCAT R packageegutislsii ®iond adi dge | asso regress

f

orest, mwdechs were chosen based on thel'*@a’d% of

To account for differences in sample size betwe:
was randomly subsampled to match | uminals Prior
defined as those predemtd of-wbseaenpl emamedneand t |
transformed usirngt iao cternanrsefdorinong Feature selectic
area under the curve (AUC) threshovadli dat OoT75( @Y
procedure to avoid artificial infl ati ofnolod Ga\,del
or in case of smaller samplon-esutzeC\Y <(5100Q@®M)a,l esaacr
five rounds.of resampling

3.

Q0o v T

IN

3-okhii Ict dtae @ar atmhi on

ntegration of metabol omic and ntircarnosbfioortnae dd a tsac a

nd centrragd ol dglr) transformed metabolite and #
ssociations between the micdeht of aedc nldisdanueky a h o |
parse partial |l east squadDdgd diosedi mindantsearal
nd-flodd CV, as implemented in the DI ABE® 2% ame w

Associations bet ween ASVdetaenrdmi metda buosliintge s S pweearrer

c

orrelation, using!the corrr R package
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4 . Resul t s

4.1 Muaxos@aci ated microbnAt'Eidys bi osi s in

4. 1. Ispleecd fi c acti vat inounc oesfa snoAcTiFabt ead tmircsr obi o
the absence of tumour formati on

We previously showed transgenic nATF6 activation

to alter caecal mi c raosbsi ooctiaa t ehdo weceovnemmnu nmutcioessa h av e

moresirl i ent to environment al insult, possibly

mi croenvironments and/or protectiidATonedeétad rmi nbey
nNnATF6 activation, in the absence of tumour pr e
compamAI' &i cen Atbfebont rol s. To assess within samp
mul tiple alpha diversity metrics, allowing us toc
sample diversity, namel y t he htnoetsasl) ,n uenwvbeenrn ecsfs o bSc
Effective), and phylogenetic diversity (Faithos

and Shannon Effective) or phylogenetic (Faithos
significant]!| yweiedkendk h%6midcKingu2Pe. 6Next, to deter min

sample differences, we utilised GUni Frac distanc
both species abundances and genetic relatedness
rare anduhdghtyl abeages, all owing the detection
composition between sampl es®®c Bepar edli vteor sot yersh
opposite trend, with obvious separation in GUnNI
decr daswi t h age. Despite t his, PERMABNOVAI atesdi |

mi crobiota was significantly differ enkti gautr eal6lB t i
and) D To identify ASVs affected by nATF6ncaecti vat
anal ysi s us®ngMemkEé 8smctodba®idbltubact@achnospirace
Porphyromonadaceae and Cl odt'f'ldca) ewhiwkeeecentioh
ASVs were al most entirely classifiedneanbektawohinos
Al i st(iFpgade @G&ken together this suggests nATF®6
mucoa®soci ated. microbiota
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Since monoalleliccaearVvgt monubbd adAd Eibaet emdu croisar ok
we next examined the i mpact of bi al-d®do0ai antAeTdF 6
communities, compari ngvemdklicalotbfida At phocé e] eEi onst 5y,
confirm IinfATIFGalalcetliivcat i on di dasismdeed edl tmdrcr mbc
examined alpha and beta diversity. No significa
coul d be det encAtefdd? crrowldé lershow a reduced trend a
(Fgure) 7ABeta diversity analysis based on GUni Fr a

di fference between genotypes, indicating bialle
composition buwti gnuogje. dBeret sity (@eter miemmee whederer
(i .e., monoallelic or biallelic) I's asseociated
associated microbiot a, we cal cul ated the mean GU

control mean, froAt fablAt $/@eAatEftfe) mave Sks. Accordingly
nAtgien ot ypes were si gnAtifiidant dbly, dahfleamnitntoeasir
be obser vneAdt! §@faoAt' $'#¢¥ ce, although the difference

signi fFii gamYe Fi7rCcal | vy, to examine this association
GUni Frac dissimilarity, as wel/l as eachAafpha di
transge@ep,78as measur e@r phry8bqPACRe&tpr essi on, negat
correl wteh all alpha diversity metrics except F
me an GUni Frac di ssimilarity, suggesting modul a
downstream of n ATikgu r gc t7iDogteit her ( t hese data su
mo daitli on ofasmwocdsada ed microbi al c AAminfyueriet ideoss,e wi t
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ASV_1582;f _Lachnospiraceae 4
ASV _3425;f "Ruminococcaceae
ASV 32687 Lachnospiraceae -
ASV_125fLachnospiraceae -
ASV_1029;Roseburia
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ASV 125" Lachnospiraceae
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ASV 1582:( _Lachnospiraceae
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ASV_262;f _Lachnospiraceae 4
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\/_2345;Barnesiella -
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ASV_4089;f__Porphyromonadaceae -

ASV_1895;f Porphyromonadaceae B
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ASV 097 o__Clostridiales
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ASV_498;Alloprevotella 4

ASV 209'7 o__ Clostridiales
ASV_T717;Prevotella -

ASV_2420;f Porg vvromonadaceae -
709;Roseburia -

ASV_262;f Lachnospiraceae
ASV_3728F _Porphyromonadaceae
ASV_2T72if _Lachnospiraceae
709;Roseburia -

ASV 4088;Alistipes -

ASV_2420;f Porphyromonadaceae
ASV_1895:f _Porphyromonadaceae 4
ASV_2T72;f _Lachnospiraceae
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ASV_1823;Bacteroides -
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ASV 1186T_ [—_Lachnospiraceae o

13

ASV_2285;f Porphyromonadaceae 4
ASV_3197:f _Porphyromonadaceae
ASV_5908 f_ Por hyromonadaceae

ASV uminococcaceae
ASV_ 63U1 f P_phyromonadaceae 4
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\Mucispirillum

ASV—193 Mucispirillum
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Wllﬂllll
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-ASV~325:Lactobacillus
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W

ASV_203; Lacrobac:llus
ASV_396;Mucispirillum
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ASV_1536:k__Bacteria
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ASV_168;0doribacter
ASV_1536;k__ Bacteria

ASV_306; Odoribacter

ASV_3759;c Dehaproteobacteria
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changes were due to tumour formati on, NATFG6 act.i
To assess whether t umour formation or NATF6 act |

change, we compbetd dipbasiany between and withi:H
samples by mucosal phe#aatmope i( MNtFad jcaacmdanmraallr( T A)o na
tumour (T) . No significant di fferences were ob
reduction compawaasdobsercvadtdamplé types. Il ndepe
mucosal phenotype, Shannon Effecti vreAt'dfidWecresi ty
compared to control, indicating a reduction 1in
number HR&O oVAdrexpressimggr gampMe saddi ti onally me:
mi crobi al | oad using a knowndA nc csrecqeauretnrceetsi, o nal d fo wa

calculate the total8®numbheresceti agSycomiesobi al |
mucosa compAttfd@nt o ol nAtHGBWNToFaglre.1RAB the | eve

beta diversity, mi crobi al profiles separated by
aldAtt¥’'fUcosa andFicpwnrte) oll5These | i moh sar vcehda nwietsh i
suscemtAittBitbécosa compared to between genotypes su
activation in the modul ation of microbial commun

role of tumour presence

We next ai med tionpaxdgesosft thPATF6 activation and tu
taxa. We employed LEf Se anal yasdijsac @ mmptaarmdnwgn othu m
mucosa each withAthfhdonsa ol somTaxa dif fmeAn'dei al | \
varied betwhddetelr ent phentodumplers, movd ttlhy neomr i ched
ofLact obact U-endpaceMuciisrpiamidl ltuunmo ur tissue in Lac
(Figure 16A). BAmnenrCiched core set of t he same
nAtt¥dticosal samples however, cMumpirs giOdiglrARBdst el a

andactobacidxeasomically resembling those previol
these results indicate that nATF6omcdfi viauti aotni weal p
mi crobes, regardless of mucosal phenotype
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F
abundant t ax(@ANoaimpnaoruirmgf tN{f®d c o ¢ 8)u moaidj acent (TA) muco.
(
across all annaAtysséensr.i chheadr edaxa are highlighted with a

4. 2.2 Putative microbial drivers are reprodu

As all three of the taxa in the core set of s h
previously identified | D/ SD taxa, we aimed to t
we had identified previously, coulodh At'ld'déiecect ed
ASV sequences from the mucosal dataset were alig
resol ved dat as'@t Tuosiancgc oBUNASTF or mi nor difference
di fferent sequencing runmat ok bétowed $§equance .
nAttf'$amples, we identified ASVs matching 100% o
passenger s, suggesting chbihgusé®eddWe acerxds sexcari are
absolute abundance of eatht e onoAplfebitcieg t De | lo@ang W
focused in the proximal third of the colon, whil
abundance acrmrogural. |l FRirttehser(mor e, each of the thr
was confirmend iansi teiatlh edMuicav smp) (B Vaidnst ai ned dri ve
LactobacASV OE6EE;i adtkkrgut g T@ g€t her, these findin
robust set of ASVspassenger wht it hendri ver
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Fi gurrBri ver and passenger taxa are ANambeduoifbldetact ed
detected (@NaDgs ehrgiewerASVs based on BLAST alignment.
sequences which did not eqdrmserwdtten saingn isfeiguéeBl)coegs! ii gon m h
absolute abundance of initial, sustained driver and
nAtt$’'é&d ce, showing dinsAtréi@ghducd omn caemmomegat h . Trends are
LOESISegr e s(sCpdiryl ogenetic tree of driver and passenger
ASVs.

Next, to examine where these three ASVs Il ocalise
absolute abundance along the | evnagttihmmotfP/dtPlte col o
appeared to support the presence of a number of
of this enrichment, and wher e t hpeasses etnagxear |noocdaelli, ¢
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4.3 CharactermnAtfE®S lo/hOhoefn otthyep e

4. 3.1 Basic characteri-dratvem mdd abh noveid atnddd iF
cancer

We previously demomdturcaetded ctuh et imM$% ammati on i nd.i
i mAt$'efdi ce, however, theteomtiinblaoamaat ohy t emgi n
uncl*®arTo investigate the effect of chronic infl

susce mtAitiie ce we gener at ed an Mtefwsi medeavli t drl @ds0gil md ¢
KOF{gure 19A &ArmddBav@sofconfigemed ypyng P&R,g whi |l
staiandg,gPCR showed cl earftébraand g@agaop HO9C)t.hBP And
Upon actAtvfa@dwaomes the transcripti dor pdf@Thasget og
confirm doAwrkstgrneaalmh i ng,d weHCp esrtfaodrnmeng f or GRP738

measured its expreqnAttdMlmnmvia GRER8 ¢$mnhaining was
enhanced c omgidrééodn ttrool , whi IGe p@BNAe sseasornbfhnced

fold, clearl y-medidéaad ad ¢ trHJ vgautAiles el F and G
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majority of animals reaching abortion criteria b
excluded from further experiments. Substantiall
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nAtt9/8mi ce, comparhmAlt'd&®? ce. No reduced survival w
nAttfféddontrols however, despite their pKieglirsg@osi t
20R2! With respect to tumorigenesis, the combina
Il KO clearly restored susceptibility t-ooltounmour
(Figurg¢.2@8Bsceptibility, however,hnAta¥tiénuoste ,r evsittohr e
approximately 70% ofitaedrimeniocRebesdpswKiRO@i nlget L
rr- dnemaksdr eNsopnponde-rem@aNR)edf t deengur e 20D &amd E
e of the | ack of tumagrsfarmbhgoofi nANR6 mace
nsity was coihbparamigeenrteangwmaia(yr. 2TQ@ mour numbe
not differ between timeponAt &béfuar Binagserndot ab
20G anhd Do assess whether tumour formation was a
hi stol ogical-6%8t acasn dgc tfeod. KRegar dl ess of tumour
presencé€76f | ECs was obs®uvedap tiinbFlitegumoigicte2 0@ k e n
together, these FrleK@Q|l medslugtgestt HdasuscreMptifitbi | it
overexpresscionlgo rneicctealt at umor i genesi s
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4. 3.2 nNnATF6 activati oAt'@Minacees col itis in

'l KO di srupts the ability o spappngssni taf It amnta
tumorigenesis, however mice on different backgro
C57BImi&iet he genetic hAtktr'ow cdt enfdi ng to devel op
severe ph@@ndfTFpe on the other hand, has been sl
infl ammat Heme, we aimed to determine whether th
antdl KO | ed to increased intestinal infl ammati on.
showed increased spleen weight and ennmAthi®ed sus.:
mi c€i du2leA and BI&E staining and surbisreqqueate aliec
di sruptions in tissue architecture and enhanced

(Fi guzrleC apd BER also tended to show reduced infl
supporting this, tumour number yYosckl @R@dD. posi t
On the mol ecul ar l evel, gaheammaptr@rsys iUowatsok i nteh
upregul ated at 12 and 15+ weeks. CGehewaexpalkssi
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of inflammation on the ermetaesor ede(lpOGH2a) hiers ef ane
samples using ELI SA. LCN2 is produced by | ECs i
bacterial iron acquisition and oft@n2dt’etd CN2 a m
was clear | ynAefdinc bedwi nh i ncreased concentration
NRF( gWwrle&c. Taken together, these resultslsd@dgest
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Chronic inflammation and epithelial damage can ¢

the intestinal epithel i um, | eadi npgr etvoi oduissl ryu psthi oow
biallelic activation of NATF6 i n'°PETe asdegso trl
combined impact of chronic inflammation and mono

performed PAS/ AB stainingndfi fdceldomiob| 2wi <=1l o I(1GXL
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week timepoints but did noRi gsuirgén.i2f2 A atnhtd ydidsitfaler
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quantification?2¢iCHBGLse pduciR®O®mol e col onic tissue ext
rel ati wnmeAttf'ctnhtérDNlosp ar amet r i ¢ Sipke acrommarnedlsa triaon of i nf |
and GC per 1000m

|
a

4.3.3 Tumor nde'W@™nicei ns midci okeinot a

The intestinal mucus | ayer is important to | i mit
epithelial | ayer .collmnt,héd hhesalitshy omuproisreed of t wo |
densely populated by microbiota and *“a4 fTbi aksesBe
the impact of reduced gobl et <cell number on the

penetration, we performed bgdmb idnedt Flomo r( &d Sdin twi
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targeting bacterial 16S rRNA an&ut é&paseas nLagt ion

vi sual i se mucus, on Carnoy fixed colonic tissue
gobl et <cell number s, mucus thickness was reduce
mucus | ayer warsAtefh®s ceedi hienpr oxi mal colon. Addi
mucus | ayer appeared |l ess structurde&dgand, 2BA s
I nterestingly, the same pattern was observed in
remai ned at a tcaomcsel dferroanb Itehediespi t hel i um and t he
was hot as apparent &3 gungpedBikmal trogegitdhhres , (th
support microbial invol vement in tumorigenesi s
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Figu22Enhanced mumed $ alpiel i ty accompaniFé s orteusmmoenstg ¢ me s
hybridisation (FISH) targeting 16S rRNA (EUB338 probe
(UEA1) in t(han@Bdoxsitnadil nAdf f/@&mimad At $/6hi (eScal e bars 1000m) .
were counterstained with DAPI . Bacteri al di stance to
di stance to the epithelium in five different regions

We previously showed thathAt'fffousedwasel dpmendenn
mi crobiota and that G  @iFateftol ‘amiac @ Wemé t ggner a
separately to this work to determiemgemntdeitn mohiig
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model nAGF®mMi ce also did not devel op

tumours ever
not shown; Janine K°vilein, Unpublished

doctor al

Since tumour f ormati on was mi crobially driven,
mi croba coul d breAtofbésd ceed Ciarecal microbiota was
endpoint s, 5, 12 and 15+ weeks and profil ed us
hanges before and after tumweekdnsamp lwestkgntoo pk
poetsuumour) and compacl d(ynmaunm )t.o ASnal ysis of beta
|l ear separ atAittdabdAtWEé'ont rol s, with significant
pparent bedmggvaluumousFO0OgO0WA2) 28l pha diversity an
eveal any significant di fferences bet ween gen
ecr eas ene eikm+ I1s2aFmpgluerse .(24B i nvestigate individual
onditions, LEf Se bi emdarake oeod iha |byweiedt 2was mepoi nt
nterestingly, abundance shifts were much more p
uggesting caecal mi crobi al dgAD ¥ Bsiicse pared efderst ht
mpl i cating tdiies erh scg w(bd. 024C i n

- —TO0O QT o9 0O—™0
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4.4 Muaxosa@aci at ed dnyAstbfiPBol S1nds c ie n

4. 4. 1 Muscsooscai ated microbiota profiles are al°“
stat msAtif*mi e.

Si ncAtt ¥ i splayed many of the samAt pPBlaeotyadgai me
clearly indicating-aissweli wae mentmi ¢fr ol ®d ®a we nex!
communities in -dhiendmffél ZlMmadei on Taxonomic and ph
measures of alpha diversitymweanes esti gbnuitf incoatn talty 1dE
(Figure. 2B&At)a diversity analysis based on GUnNni |
separation betweethunmawrouwi tamdminomobi al profiles
bet ween the Riwourgr o2pB)f ébentdanat!| ASHE¥s were ident
LEf Se. Those bel ondumigs g,i@reisl bl bufngw iBlanciac rwe rdee s
enriched -beartiumgpumi ce, whi |l e Rloasehnsapsemiireasc ewer ea
depleted, indicating tumowbri apr esaenmuaA thfitéed 0a Int d rh
modéeli gure 25C)
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n I
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divenl BymMps pl ot of beta diversity profiles-wkakeanan g
1

b

phrAtHEMIénds c eycomparing -ttwmowr iamd

Sweek+ smlmpd(eCBi f ferential |y abuAntfdtbrinid Atadxtani met, we elrent i f
y LEf Se analysis. (LDA threshold = 3.0).
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4. 4., 2 Nuwscsooscai ated microbiota enables discri m
profilesnAe'tEHdedami ce

Since characterisation of the host phenotype di

and NR mice, we sought to assess microbial di ffe
this, we also compared differencéosieni anaenu&losmi
determine if this was indeed & steentcti eart erde & daakuat. fSd
di fferences in alpha diversity were observed acr
and Faithodéds PD) in muaosaMi t hutt heotl atahecaldi dat a
variability, parti cuRfFiagurye i 26 A esBedtnaBed i vneircsei t(y
supported this, showing that caecal microbiota p
di ffer, howevevemuads @ diachdom subsampling to &
ensure the robustness of this eff esamplwes goefn etrha
mucos al dat aset and calculated differences iin C

each subsett di 6fgnehceawas observed confirming
across allFigampl 6)C( alndt rD gui ngl vy, the same eff

bet wadt f“é'ontrol mice and NR, indicating mucosal
absea of thRinpwrres APE dAoagetrher, these findi-ngs ar e
rel evantasmuacmwisaat ed mi crobial signature which s
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diew s{ EYMDS plots of( DNMumbeal bertda diver shnAt §/6hiecaveen N
based on generalized Uni Frac distpwvaé feDme tdains trrainbduotn
subsamples of mucosal data (E)ansdh®Mwg Bbpeatlat hdei vreirgshitt.y Lbuen
CTRL and NR mice.

To confirm that mucosal mi crobiota better repr e
l umi nal , we trained wvarious ML models to cl|l assi
empl oyilnlgh RePnd RR model s. Mucosal consistently o
tested, wi t h mean AUC values of 0. 83, 0.94 and
respectFigalg . 2PAecision and recall were al so coc

i ndnhgatmodel s trained on this data d¢&owglud daaBr at
Since we repeatedvyl ipedatfioomedwerossl d extract AU

built and test whether the diff er emmocdeesl swe rneu csa sad
data was significantly better Fatguprge d2i B0 ri pmrgi spihreg
however, di scriminating taxa shared between mod
environmeParsa b anitisepreociideess i d ehn teinfvii @ dFningeunttest 2(8 A and
B). Taken together, these dastsao cpioatnetd tnoi carno biinahler
mucoa®asoci ated microhAf &Bmipae,f iwheiscH riosn | ess appal
detectable in Isuminal communitie
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4 . 4. 4 MNascsooscai at ed popul ations do notoshift s
posttumoumnAitfaB¥mi c e .

To dat e, littl e i s known about t he mi cr o-bi al c |
dy splcaasricai homa sequence. Additionally, consider.i
chronic inflllddM@matni ¢ mheomi crobi ot a, it remai ns unc

of theoretical modpdssesmugerr amo d endé?&dé i Biettrat dil Ve he
analysis of micr obiaald -wieokf itliense pboeitnatese ni nbdi cat ed
clustered together, however pwalr®e®.tG34) ,siigmdifd et
mi nor changdd meepohiwegeur (. 2MNoO passenger or driver
det ect ed_ogbCnghraeshol d wobrt efvtadidude FOOR 0. 05 bet we

ti mepoints, suggesting that in this model of CA
tumour (Foingsuerte¢ .29 t herefore tested whether the a
nAtt ' ®% ce, SD, were present. Applying this conce

LachnospilLraad eaeltuiclil supsiamidlalcune riom 48 $6Mmi c(Ei gur e
29C. No differences could be obasdkjravcdantbed avmmelne ¢ ,u
confirming this approach could not Biegusé@d29bD i 0

To test whether differencesgslrivaxadaemaphbhndarxrpkanoh

mice do not devel op tumour s, we examined their z
control, -BA®&j atembuand tumour mucosal samples. Th
exception of Lachnospiracreiaech enéd mbre rtsuy mawdgmraeaecrdtetau
samples compared to control and NR mucosa, sugg

for makii@uwmr § 29E
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Fi gwRr9dMucos al mi cr obi ot at os hpitofisth® ufrr @amep mewi tclo ntshea t @dmit v e
passenger mAdeBE*minc é ANMDS pl ot of beta divewséeky bet
ti mepé¢BWwdlscano pl ot of diff druenmptuiralangl8temoailCwéenr gde s
hi ghlight signifi-cant eptvitad di ewi<tOh 0&n REBR represents pul
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