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Abstract

Gobl et cells inhiehet muicmntsas tpir & gsleoruyrochet por fani geeglt h e
mucimepr esferndrntng@f eB8seril e @lopmda edno tdioddmmii Iny ET S
transcri pSrPbpkFasacuaociodle i n ter mi,napdr odiaffifde radn tc
matur dgobhetGudelmis.r obi ot a iosirmtnerimale ge myni r@amn i
muriodelm of i ntestin®&li chrdnmishidnitiead aichf eat ibernt w
mi crobiota and parasite was seen to play cri
medi ated through vari oluiskenecdhaaptsonrs , bT IR aan o
oligomeri zati dn keomaicreggtBODhg c b bBperaedeeicd. € Hofwe v
intestinal mi crobi otrae aunl@PtRi@Bgd TloR syiedg n aulnidreg sit
we i nvetshie ganbkd of SPDEF in i,nhestioha&l-odobhled

mi cr obiaontda NaOXD/STL R moidgn &PDE& ' r T.ngmurfiesct i on.

Experi ments wairkd ¢SePrDFlfam8 B DERf | (SIP®ENI ©ea

BALB/ ¢c background aff. dmunffeesetnito n.i m¥e oRASHsr vod d
gobl eanidieddspr esSPDEBF odnidiS MDER deo | | owmifregti on
with el esodtdadldl88RPDERi shhowed decreased worm b
14 t o -i2nlf epcotsiton. Mi crobi al analSyPsDESA nPvDeEaFl ed a

Fafiefection.

Mi cr oba sottar anhspimamd v eumfinedc tteod sneipcaer at e groups
taeed -t(rABXt midce. PASgokelacse didieddspr esSPDBF odnd
Muc2 were obtseecwmeed Rf ABXi amwit.eimuilrnigsred mi cr ob

Gobl et cell number , the expressi-tome aif e &S PWDIEF a
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recel.versulrtieer edobi ot a. Mi crobi al dnalmplsti esr gk v e

mi crobiota compared to napve microbiota.

| n wixtpreada i ment was conducted in humahecel wei c
obsestvedtdunhRRNA dex pr 8P D ENMMUCTD yT . max drseeacr gt ory
product s. These findings reveal new i nfor mat

mi cr obi ot ameadhida tSePADEIFnt est i nal gobl et ncseel.l rescrg
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Chapter 1: Introduction

l1.Gastrointestinal (Gl') tract and mucus membr ¢
The gastrointestinal or GI tract iextceommpiorsged
from the mouth to the anus, which is a part
system is composed of the GI tractthleawver pt h
pancreas and gal | bl adder. The upper Gl tra
(anatomically, from mouth to the suspensory
pasotf duodenum), whereas the coleon,Glréectacm. al
than digestion and absorption of food as 1its

f unctsiucnrsegul ati ng theecmeuineg sgstemaaddocr i
moduliamnfilngmmat ory reactoonsasthattenenphes mahgg
and functions that i nclude intestpatahwaniscr o

aging, neuroendaedriipden er ehg wslteotliogn cal struct ul

a holl ow |l umen and tke walkhsoconsusgtdsngft mea
muscuprac@amida serosa from inside outwards. The
ofepi t hedatuemdmweca$ | apvwendearnldyi ng | amina propr
epithelium is compasedd sofwhachaininet wde absor
secretory cells Iike gobl et ,s Pwintthihn amnlde einn
crypts. Taverl d uiss salrsict ure seen along the mu
projectliaamge IiTrhteesti ne or colon | acksitrhese
epithel i um.

The mucus coat, epithelium, intercellular ti

intestinal barrier, proteecntti®dfg t he wall agali
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Hai der ;
cell s
cel |l s

are specialized cteHdeéssiaodrei giim att

epithel i adft htd mrraaneeds pi r at ory tract and conju

systems
[ 4T he

component s

a

bi

al

pr

bet ween

I ssualflaed tmue owat dueetoetheydPBdbeércte

gobl et

variety of

nding

cell s ar-feortnhien gmamunc i icu rwhel cdf

of the mucus coating of the epith

factors wh-i &kl imodl(ldddbddert d-2Foi ||

proteins (Fcgbp), which also provid

ong wi[th] TMue i gebl et cell s aretypesmostgiaba

om the intestinal stem cells (I SCshn L beaiGe

act,

|l on.

the g

obl et cellsf rame theumsdnaihk idmécrad

I n the colon, thelseyerced smecowmg rgdlutwh

otecti on,

l ubricationaaddhbBVygsatinon hteo ttrlz

l eduwl]£]lsThis mucus | ayer also harbors the g

S adherent

otects the

1. MuZi ns

Mu

Ar

cins

ound

and ¢$eabkl poaous asnar stayefeuc

colon anfireaianhai nenment)] mbbus|

t he mucosal ep#athelium and gut micro

are hi

gh mol etchiddarm wenhieg hnma j golry doaup rl adti enig

21 di f f ermhewnd brarendn[i2djednmteiBliuic € n s can

transmembr a-be lmd mh nadanheee csremvtcemdaand be f urt her C

i nt e ogeri ng

annodned o If DBIN@eAMgeG me mbr ane mucins ar
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enterwhkhiy¢tlesi nclude MUCL1, MUCS3 , MUC4, [ MUC12,

The-fgpalmi ng s eorhatcehd i med iumde MUC2, MUILCHSMACt, h eMU
skeleton of ther onuiadiipmgneembtame | ubri cant bl &
epi t hegd]v bm

The strucsiuy ehiofllpjuici yn¢, pol ymeric and visco
of 2@dl0t ons, whitdhkef ccromsera ngelin the mucus m
HO[ 415] This gel covering prevents contact be:
the gut | umen, thel @dadrupt mhonoepmaiewb polhes enfay s |
l eading to various infl amMmjaMoreg tclhamnd Gl hef ¢
arcear bohydrates (CHO) which a[r5] Tlhhecmwundirmtdcadn
represent the key el ement ®ifgliytcsancshemioaan ngt
proteiBb] cddiree protein sequence of thesel damai
threandnserine, which 1 BPeTwsh yd otnhaeizresd, r &sraglasnmi &
number tandem M|8P e aa mehv dTaR)entehe most iWreval e
the help of theiipr ohtyedirno xcydr egriosu plsi,nkehd wi t h

around tPBgl ygopei diherkkaoameepes of sugars in th
chains whifwdo sienga(llRaut)eé, 0o s ea c(eGayll)g,] uNosami ne ( G
acetylgalactosamine ([G&a]] NAc) and sialic acid
The mucins are synthesized in the Khidolpéds mi
glycosylation followed by tr@hspkedaglgnosnt
They are then stored i nntwl etshewhsacor etthoery breu
concentrated and are eventually secreted frc

me mbr Bme secretory granules account for 75%
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urce of secreted 2inulchien ss efcrroemh i tone odeeslmusc i n

ppensvwans: the continued constitutive se
ndjatnidonst i mul ated secretion i n[ ]d$ pDounrsien gt o
i mul ated secretion, mo reec roert etdh & reomt itrhee sgec
ctors include microbi al factor s, I nfl amma

tonomic neaunrdall] ippeldevldli$ 1.3]The secretion of
so be regulated by vmauwucloebasitniddeen Qulodri goesp
mdiirKk &8O0OD)ecemtiomrdd ng @ENob®BBRmendi Gt ed acthevati
fl amnemasaoumt ophagy, production of reafc2]i ve o
terms of hworgmvierfiengt iioan,t htt mucus membr an«
l ubristdaei wor msr am t he pinglc ashlha&dtritanomu d u ¢

edi ng[ t.4apacity
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1. GQobtetl differentiation and transcription pr
The intestinal cryptsgoafasmal ht asdi halr gst ¢ m
known as progenitor cell s. Il n the colon, the

origin reside at the base 'df tama it et utppeal
crypts tlommmairndasl tshiede cont ai ns [th%®] Tdiefsfael ri enrtteis:

stem cells produce rapidly prol-ampratynggdgT

cel]l which generate precursor cells. -tThhe pre
absorptive |ineage giving rise to theyentero
| i netalgeet di fferentiates into gobl et, Paneth

(EEQCSL)6 ] The differentomaj om twypdsSCaef ione¢lol s (
cells, Paneth cells and EECs) r equlbicraetsena nv ar
(canonical), Not ch, bone mboppbagtiody iBiansges ot
(PI'3K)/ proteipakhwaysMcBat(emkKiTn) and Notch casc
regul ators in -HatermmifnilMgCst hentoeltlhe secret
respedtlifle8lyyi ry and enhaibBSemi bayfs i s-p thieg li inx

(bHLMH)anscri plt i om-1HFma8t ®ras the downstream co
determi netse tthfe Ic8Cs ifmto t he dHlsH riprta nvsec reinpte
Factor A-LOH i s t he downsthrceataennicno mploate ntac toif v e
transcri pt istoenrdifpde@t o f s fols AN E & mi | 'y transcri
f ac(taolrso t er merdo veast tiSOBPRE-h deB)t iand regludtae es t

of 1 SCs into thdl1l9dcretory goblet cell s
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ISC
Whnt
Notch=> Hes1 Atoh-1
Progenitor Progenitor
S,
o+&
Enterocyte EEC Goblet Paneth
Figare Differentiation of intestinal stem cell
The | SCs differentiate into absorptive and s
cell s, Paneth cells and eanerBNendbcsigaaktih]

and their transcThetpisaogémet aredebworhke. auth
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1.

Role of SPDEF in goblet cell differentiatio
SPDEF is an epifhetigmsespeption Ea&ttami |l so
pr ot eThe ESE f amil ysiosf a rsaunbg&rotuppainsf oFr an@t @ o n
transcripdnnEd® fafmipydt2ddiladave ETS family prot
GGAA/ T regul atory seqthendce off MDNA Wi tnkditnlge idro
85 ami no2.GRD HFS, a Wnt responsifvier gtr aches<a 1 iplh e
pr osdteartieved transcription factor and was | a
intestine, l ungs, sall2p A R2|gbBPEn dveesaseéenohjpul
with androigenwhtrcaptregul ates the expression
(PSA) praomweertytgpegenof different mammali an
ident[iZ2]e8ever al studi es have indicated t h
di fferentiati on, homeostasis and maturati on
mi ce showed that the inacti wfadat ernthetfa tSIPDOrE Fo fd
| SCs into the secretory |lineage, but tyhe mat
cells were hampered | eading to {APPRPatCGRENUIl at
bindi ngd pr®REB4n) , an endopl asmic hraest Beeahum o
seen atso aacdtownstream component of SPDEF to p

mat ur agdmlnetofc gll®$ i n mice

.GBobl et cell response in enteric parasitic i1

Previous st utdh ets dhalvieets howevinl s at t hepeoil binc ¢
endocytosis and convert J)Jntdheeenidoelyt gsbdte

killed, undergo @oeepp elxl edk oicrytf ®.4t] Tsle eaqgdd b | @ tme
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in small and | arge-assbesthited Botmggoblpassag
which they deliver the [ uminal antigens (Ags
[ 29phe DCs and macrophages provide the proces
t hemhelnpteor T2 celd | THY|RSgAl seratiobnseliin todepgot
mucin production have been seen in many 1int
and Vy¢yb5fuwusyperplasia of mucus secreting gobl e
parasitic i n fAescctairoi ns$ r gsauhcihn e b b a spiralis, T
Ni ppostrongylwihs chr aeildmige nisnmspt evidef{ &[13.&] t o t
Qualitativemucdhwengd so observed I n pamMNasitic
brasi, iwmisels include alteration in the comp
nature and chanfg®flielwladeeahisn alf Mwueed saenrdv eMdu cidn

T. sopinrfeelcihs idd eMUG2n haurmaMyicr?2 mialego call ed t

cel | mucin expresseidntiens sh cateh ismpaolrit aanrtd cloamrp
defense in nematTodeanuirfiéseci oon.sDgni hgcantly
cells and incr a2wed es e@admetrriveesdi sotfraintfieh 8A L Bhc

susceMKR bimieceebat i ng wi t h[ Z@&@jem ebtaxcgkud rsavomd o f
pl ays an important role is det ermumd®@3 hEBL/r@si s

resissttrabetingyed wodmeex pult $iewdwmse mdésetrfveddi ng

T. mumf s 2i7uM 5acal so call ed gastric foveol a
expresdssetdomanch and | ungs htalkeobh @ean onnd gn i tho riersc
foll dwi mgnfissaendomnd the time of worm expul si

Mu c 5vaacs f o wred dierf i M[I 2[h}.8 Il ecs al ts® risieteiac al f o

worm expul sion,r asaineedusicteptliaddHliiftg.6]tOx hcehrr o
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mucins siwgdbM &3 dMEtMive r e seaekn® o i n crriefags enudfiesct i on
in a study conducted on BALB/c¢c mice, which

the car-bobhWdrane projecting from the apical
gl ycoprotei[nx6]l i ke mucins

I ntestinal parasitic infeotatioggen asdwecremT&HRp u
vari ety of29dd8aHRwdaymmune response can omedi at e
inter, ewkii oifs -4 ,n-6I| tDY €1I13DW i p@gr asi ti c i nfection
| L 3was 6teemause gobl evissg@glnlal ptolainfs@uateirean an
transebr iSpitABopat hway tr i gge[r2.7m]d\ bwseorr,erx perxepsuslisoi ne
exogenddusadPdas Lassogiobl ed wieth proliferation
Sever al stautdhiaetls3 lilanlds «c ah el ps iur 5@3d7 Jelgul rd mam
col oni ceéltiamese rand3 htduced t het reexfporiels sfiacgnt oorfs a
| 17, a THIla7/n debywtdslkeieme t o promot euoyaceapdeblsc:
[ 24]Anot her THAZvasgéonkionehkLp in goblet cell
expression.t dHdAr ciye¢e oo 8NeFJh tlaedd s er ved t o i n

Mucywucl ea-kapmpaarbFediia duci ngNIlkkKama s e8lptat Plway s

[ 2.4 ]

1. Mucin and host intestinal mi crobi ot a

The microbiota is an integr &lodparatn do thatske e ine
in its maintenance. This microbi al environme
intestinal mi crobiota i s c¢ompo sheadc teefrveigruisl | i
protanrfduangi . The gut microbiome not only hel
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of nor mal gut architecture, but It al so pl
nutrition, homeost aschbpraosddu ce m eanlgayo fnb adl lmdnrtctye  a

(SB8B), vitamnalmisyot & e isd s3r0e]tl asbt or lhaiecst mi crobi al

gradually increases[ 3.1 oirm tthhee pcrool xoinma ItlAteor ed ias
mi crobi al cell s per gmn@ime yod ampotseedt i nfal b acootn
approximately 10383 BBilTher mnst spbandant 1inte:

fromphyBeact eroi deted 3@ndhdé&i hmgbesesnumber of

from the gut has been found to reside in the
epithelial membemniet y [ @e&ddbpaxismes ifarlom t he | um
portion of the mucus membrane, the microbia

i ncreasing minc.ec &KTrhees shiuonfiontahlet a s hows di fferen
and ecasypptostmde tmi cr obi ota resi di3nmg in the m
The colon bds muwaslt alyleys the outer | ayer con
mostly mucoltdyetgirca do m g muBdaicnt @ bwehsedrbesakse t he 1 nne
|l ayer, even thodgkregesmnarcal t Webawtcemi ol ymer
form a net against the invasion; has still s
crypt s, most ofAtwhnaoch pacesopbedlif 8@BHPBiI74

Al Ja,j ver sity waghderouhd tonbe colonic mucus |
The composition-assokcumitedl anchudsedgalonmiad s@bis
di fferences between 368861 | and | arge intestin
Gut microbiota helps in the¢g 3drbpetfhreeceg s{aGiH )o 1
mi c e, the colonic mucus | ayer was found to

fewer number of filled goblet cells than the
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prof muewat al so tdwgfrdfgds3e88nWhen certain bacter)
|l i popolysaccharide (LPS) or peptidoglycan (
showaeadmeecus s,ecsrientdidoanre ntoi omia¢t éy[ #hnesedbel oni
mucluaydr GF mice showed penretdr gphirltiitcyaentso lbvéac
i mpenetrable characteristic aft gB.7Rewee&lsi nog
nomenetrabl etipeopelt oni dyof GF mice after b
mi crobiota indicates the i mportance of gut |
t hmneucuspPlfLB8]One possible mechanism byt hwehi ch
mucesn be that the microbiota helps in sh;
gl ycosyl trtamesc g d2$Thins gloyichmeucpmbahigles f r on
species to species, dl4dld.2flr om small gut to |
The gutotaan d rtobe mwdoc b bel dsgyantbisohtadarce reEhatpoeasdan
of glycan helps the mijci{fldB#idimhaepoadbanis ins
their glycan binding capacity,[ Whiikhe |Aalips t
glycan binding capacity altsheudcamsdhdseonr ¢he
bacteri al outer membrane proteins |ike | ecti
fl agelalt s or icbontte t o the adherence offlBthhse] mi c
[ 4.0 her dwach.gasadi ent, diet, antimicrobials a
invasion by pathogenic bacteri a, physi ol ogi c
age of the host and lmd<sts iimmurme gy sttembalts @n
[ 3lB3]This glycaa eanraésof aautrients for ¢
degrading bacterina,bywhtoh eiinrg egsltylc anseiadtal syar aem z g

[ 3BV HBHB8]When the glycan binding enzyme r emo:
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gl ycanprcantaginn core of the mucin is[ dpg0laded,
Whil e wusing glycan as an endegyadionmngcenzyi@gd
credthad e absorbed by the colonocytes and t
secreft immcin is parfldpP5sr.0pSomesneafdottipt scwhggct e
hel pful for the maintenance of the mucus, sa
capsul ar pol ymer [wWBilt]A hti Be ali dédeipcciorne q@trigdaapl r e

bet weheen h 6 biceo nammedn s al . mi cr obi ot a

l.15ntestinal helminth and host microbiota inte
Int esti nal parasites are among the most pr e\
worl dwi de affecting heall[tth] b.2]JrAomdouncgt itvh & yi mtn
parasites, I ntestinal hel minths, the multic
they are persisting now58§$.3aHevlomil dtwh 9l ea rhe armu
parasitic wor ms heaal tah madncecer mlfalgd iomgadn né¢ ac $
modul ating host I mmunity. This alteration o
inside the host for aneldorad edi[r5s8p@hiai @abobdDbi
people worl dwide along with many other mamm
species of i ntestinal hel minths with their
chronitdciet y ndfecti omupnabwbeeno nfi elcdiilid 5 ]e ]

Even though these hel minths have been | argel
t r opiuchalr opi c al o nfeoguadinhst ,h ea poowtu |l af 56 H Mo £tmao nh

the intestinal hel mint hs #thatnsenaudgedi hfed anti ind
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The parasimiesr camidonmeossthare a bidirectional
modul ate the changes i n the bacteri al di ve

infection which can v[a3.3]Onreo ns tpuadrya shiatse ss htoow np

hel miHetidymo s o pwil dyegsg r 08 € S Il ncreased abundance
Lact obacfidnrialey eiare s mal | i nt estini ntehe wche cl ael nboa
communTyChronic infection by the gsiomdisvtea ans
mi ce sdcheooweedased bacteri al di ver siltgctamlda dinlclr
[ 5B5.9]

Some indir edtsof acootnarrs bcuane to the alteration

include the glayncdo ssyd camha &®iptdanp toeffr ialt € o n epithe
parasi tamrd wiohremsr neggsiyfalbdmberkei areral sbadir
can modul ate the microbiTal nugmpshseil ti basbyp pe
named chitin that acts as an energy source f
mi ce and pigs showed hb.beMeErde dwait ®s i @dn codimpe
compwitteh t he mi cr oblihoemes efcorre trewt rpireondtusct s f r c
acebhaldect ate as emetcitleirz @ed alsy t heir energy sou
their [®0OdWh & heellesmoimptentse wi th the microbiota
whi cnlaf disetecstai | fadri Itihdgy6lddTherhal mi nt hs asletcerret e
mi crobi ali e[s®@2mUme t i nt estinal mi crobiota al s
intestinall S@EAapolhhine¢eademqpuoyge abhath hel p i
i mmune systafimb58¢TViee oPpGEAs are rel easedewhomn
anaer obi c fcearrnpeonhtiyattritadtree ssfnt esti ne, so their a

hel mi ntthiiocn icnafnecal so alter car Dbrihydumaddee Isneit |
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in pbd8%ln Nnapgveemmost abundant microbi ota we
Bacaiedet edr ewh isfcitboSvy@FtAe . These accsfoasthbrehoyp
[ 6.3] The SCFAs -iafé ammatdamynst i mbil fafteer etnita at i o
suppressive capacity of FOKGA.BFTHeye gcamrldlss d F
the release of I nfl ammat-loB y p atyh wa&yamuecsut sibrgu | i
produande®anrease allergic alOowayxypressbomat nor
Il ymmphe 1 i [n5.3niThee direct alteration of these i
response and the col o[n5.3zJati on of pathogens a
The microbial bacterial environment also hel
parasites. The bacterpal @amanplasgoof attédr ewiitnh
contri buti negncteo otfh et heemefr3gB hAgaitn ,vet d afraaiel it
growth, the parasites alrt eard vial3strl@mac odrsiea lv edo
a studlyi dlhabburden of ihelhmdmates el yi nifiefcetsionn e n d
altehedcompocdiatboifd nniayodod.0]tSa nce t he microbi a
has been observed to play a role in the &es
suggested that regul ati dmyofa trlod emii aar ocboinatlr

i nfelc34]on

1 BBf fect omi bedbmiotéh i nteraction on host 1 mmur
The intestinal mi cr obifoumc tiiso naand ii nmpadrhtea ni tmnpu
interaction between parasitic helminths and
host i mmu ne3.0rhees pGINnskeel mi nistuppphasas i velmipanit® per

c hanigmmnmedi at ed|[ 5.4tclpon e sai d t kpatr,ahsdigities mi
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int er d otr imsn-vaa yt hsryereedr] §ly s o, -pdaurea stiot en oisnt er acti o
and sdlruceélulrs of humans dnod edtahnecreama mmal st a«
the tissue damage actively widad,utf acrr etatd nnga |
of t e fhiptde]Th e i ntestinal -thedmiintftheactciamn clay
i mmumeadi ated expul sion, which helps them not
can i mpair the 1 mmune system, ol sSebr] e didi B s

suggest epdartahsaitt ef Hige d icwtpesds e i asedewchhnges i |

mucosal environment wi t h subsequent. cAsange
menti oned before, t he mucos ahlosincwiorpdrmrhean t

Furthermore, changeesevienaltehde intisc raosbsioocmea thiaon \
di seases I|like inflammatory bloaw&]i vheil sne aag i € I
i nf eicag voci adteecala svéed hpreval ence of allergic d
all ergic airway J[ingfp.A)menatdecnease mioeparasit

devel oped worl d may be a cause Ttoatededr ssec
in these[pdgEVaniwhBkoi nfec-dai oaredhmi bedbni ot
modul at e h.Sotmei mmwrdiiteys reveal ed that the tr

absence of whsvasspnpfdeareaswidt @i rway[ b.BF 1 ammat

The i ntestinal hel minths usually ar e expul
someti mes2 itrhmsnd yrppeesponse i s not able to c:
wor ms. This is because some hel mifr6tljshehow

hel minths canssecetbe(yEPROD)d@ioit mmunomodsel at or
defensins, grmiycrogRMREA tHhaanadan modubhhe t he

hostbody and can also directly indudghiissert ai
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them the opportunity to sshovti veusoageirbi hith
and i nf |[&rMmaet ihocert ammondtuhisat e mi c r @ hir & Ithgedi ormpEoSsh st
and AMMSI ke r(@c®pnmurcd eboitniddieng ol i gom&alODz at i ol
| irkeeceatpearts ern recognithatmedacdptdhres mMeRRRD) i
by inteshiigtaallhmi ded mi nt hs and their derived
ex pr eostsh @BRRwWhi ch moadwutl ateecogni Thome oli e lmmicmtolbs

mi crobes and host i mmunity, all[@&at}l interper
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i
Lumen ‘ kur: nal
‘ Mucin 4@ 9 Luminal Ags received by
Maintenance of granules ' GCs through GAPs
mucosal barrier
through mucins, o e
limiting exposure V- N
to bacteria (innate = g worms
defense) t 4 \ Mucin property
( \ Q9
Goblet cell : : 0@ changed

9 ’ -

Microbiota

IL-4,1L-13

JAK/STAT
(STATE)

\ /A cell

presented ey \

Rﬂk\ ' ILC-2

\ ) 1L25, 1133,

e 122, IL-33

Fi gBrel mmunol ogi c@bbReguCalkl ouwmé¢ti on and Rol e

Parasitic I nfection

The gobl et cells present ant-pgesnsn((iARIO)sc)e Ihir g

in the | amiwhai cphr cipradlau(@ €[ Rgd2.8 T hHdpach@selslss Ags

present themcelol ¢ handDdenviert them into TH2

cyt oski-4he-113) t hat cause gobl et -caepdéndegrmpter pad tals

and iemaurceéas secretion, prdwvi]dd]Cyg tiommmunreist ys etca ¢

enterocytes and ot her typesi nonfatiemnuyBrgd{Coeild sc ¢

2, TH17) can also induce gobleet | gelbly- hynpgealrj

medi ated cytokine secretion. The microbiot a

property secreted by the goblet cells in r

changes in the microbhbhiadt @ ommponr py maparalse tm
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1.

establi shment, I ndi cating hpeas g s iethei amnadlci oted .

The cpgisgreener ated .by the author

dmtestinal parasitic nematode (Trichuris mur

Sottansmitted hel minths or STH a[f5.H]ct cimor e st
muriis at rsamislmi tted healemipmatthhogred MmoEvgemgo miiani |

transcrimpdropri ¢l aqidc dr i adhpe ¢,vh t witihiicdn snuorsat ¢ o mm

intestinal whipworm causing gastrofihpRks]ti nal
[ 29 i cBpecbses are epithelial dwel l ing par asi
mammal s, al so potentially s-hofwelo®DTlpreti aitc¢ vieu
itself infects around 800 million people wo

symptoms of ma len  tereittaiafdBal § @@.IT]. n mum i i ce i s
common | aboratory model used to study the
mi crodpi oal and inflammatory changes [t haf occ
[ 73] muecEB8Pe by which they invade the host

alteration, ,andseeasieomodef iingmunol ogf £&] and

LiXfgecle of T. muris

The i nf eTc.t inouorciwsr shafter the ingestion of e
the infelc29vlelgepwst et ed thbecocgmet eenbhgapat e
period of twpamtxhsnadwldiggc h hje5.1 ]nlfne dthieond ar ge
the eggs moswdlylca@ftcipmr amd mhéen, where they

| ar val mol tli,ng.,2,nanelayndL L 4. The if@0 st | &
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mi nutes of infection and thkl,subdegndni22s
infectiomeGpeig2POVeélhgsexpul si ondalyp weonrdns st
by a%lmost of the wor ms arne reexsp esl2la8h&f tneiocne2 1
days, worm expul si é6@kd wacacuwa IBldpp sidefc cacntaisers, f
| arval devel oophaedolt t owoums and rel eased fr o
caecum and proximal [ 64 H.Blyd a3nst op .tih e gecuotmpll uent
expul sion occurs in resistant strains of m
wor ms af tfei7 $3B[h ed aaynst er i or part of the adul't
modi fied ¢épi tfloeglmialg cels® y nucit twimbekenls ierhielcda m on
mi croscopy study showed that adul t wWor ms

epithelial [ &&]] cytoplasm
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@ Cecum/colon
o 2 months . Ingestion @
( | — ) ——
Unembryonated eggs are ~
released through the feces Infective
@ \ Adult worms are embryonated eggs
l@ 'released into the
@ lumen
90 minutes
Ju
Trichuris muris
life cycle
3235 days
{LZ 9-11 days
L4 L3
- ———
22 days 17 days
FigdreLife cycle of T. muris
The infeTtinmus iwsint hi ated by ingestion
eggs in the cecal epithelium is faci
| arval mol tLidng SAtfagees 32LMdays, the |
in the cecal and colonic | umen. The
with the feces and take around
t he aaudtahpotre,d from Kl empbBfipwicz et al

tated
arvae

unembry
d greretr mgs etdo bk

(2012
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1.

1

1.

Rez potnds.e smuy esi st ant and susceptible strainse
The intestT.nansuuhiesi miest h n t hHkee lhpeesetl yAA@r el i c i
TH1 i mmune response, Twhenusaschheve@sbygt dHE
response. A study conducted on BALB/ c mice
than 15T. egrgess usl étxepdu lisni osib yo fT H2on mmmune r espo
| odvose i nfection wietshulttleeds niitnh ainn fléc teiggrs 1 n
from their su2@ovel thant P %gof the mouse s
BALB/ k, C57BL/®. amuror xipsetl a ita®xd ovo.rims oy el i
THE mmune response if high infective dose i
as AKR10Br elicit THhdammoditlie emp@Epmasel ti ng

in chri@&milAll $9, C57 BAh fséu sacnedpTtBi AbbkcBefrcosai ¢ 1 nf ec

if I ow infect[i%] dose i s given
.Bf fects of T. muris on host i mmunity
&Ef T ecgtosbloet cell s and mucins

The i ntestinal rmuaduighefernmsalp amunrfodsc tt ihen, act
of transcription factors | eadi2ie@.7t]6opgdblwvengc
muriinsf ecti on, hyperproliferation of goblet ¢
to expel,amkde hwhbemptriobm of enterowlyd ecso wlagd @
expel the worms res{RPbPRRFgPRV.At bbbughi ¢ henfgedt
hyper plcanisadered | argely wunder t hed/cllorht r ol

i ndependent hyperplasi aaotogaobhgttceBloile canl

[ 7.8]
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I n the resistant BALB/ c miceT.dunmeugngs, a su tge iifn
upregul at tlo n( nofu sl¥a tAdinodh SPDEF was observed |
dif erentiation and number of goblet cell s, wi
T. mugds i n the same strain of mide, etalie mg
towards the ent e[ra&]yMceut i fifnefreecnttiioant iiom mi c e
thickness ofcgmposedl!| g9k §hyeamnmsnaanedn sv acroi nopuasr
to WT mice and mi ceAtwhiotuhg hc hhryopneircs eicrr fee d toino no.f
observed in both acut € 3aengdu gcbhyreodnpirco tienifne chtyi poent
medi atGABAByecepwaovrmore prondencvedahusoacat afi |
21 gay26]The glycosyl agcdaoneprionf éet ads owhail ¢ e
with relatively more charge in acute compa
increased the barreadi nagntca i woZ.édu enkugcie | nBnue u s
maj or secretory mucin of goblet cells showe
cel | nufrmb erusfiesat ed resi st adz/1B AalnBllas3 Smoipp® saéwur
tonfected suscepti blreel AAtKeRd swietalp awsriTon si al ses
[ 2Muc?2 def i cireenscuyl nicmdch Imincae del ay in wanm exp
aberlrasmfgobl| et emrccetl yppdpmor mal mucosal ,manrdphol o
perpetuation of diexd v @aend 2didrl8thdabtisee t s ocdeilum hy p ¢
mogtli s mediated by a3 |dlyhtr @ kbig ideesp EWID e At  pat h
previous stundly8thehtsmni cdodur isnpginfadcitsi on presen
d mi ngohéadt cell number and i mpairmep?#.7] n wo
Muc5ac, which is normally expressed in the

medi ator for worm expul sionT.ofmurrHiesc 2.8 Plins t an:
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infected WT mide-l13hymenusedr duicdm c Mwuacs5 aoch s er v
mi cedespite having a sprooveidnehitg hT HsZu srceesppt 0 sbs ¢
harboring clwidrmiweri rgfodd teitorc el | number and M
infec{@®@]Wil the same study it walsi nseasont imssti ng
areatcireg (edsesndsSPnei nr MpiESALChpreducing cel | s

to be an i mportantabmdditayt or f or worm

1. &Ef2 ectsi omiammuhree cel | s

Ot her than gobl et cel l(Whiardd beumgedalrbbrRsi ¢
of i nnate i mmune cel ITs pouosvoistdee opfr owhei ccthi oinn cal ¢
dendritic cells (DCs), natural kill-2r(-I(l NGK) <c
2) , b aasnod@lsit | [s5eH]d ist lItell il a1 have al so been seen
agaifnstaunrd st o act as a bridge bted swteiemali ne@it te
cel |l s | 4ec,3d8tleand t hymic stromalwetsegpopnt ot eindu
| L-€ and multipotent ptriogend d pue et )+ r€lderthd ts
proliferation and dihfefneom e/mptieit a nigo m-hi dlnkEt €| S Ek
1JdurTngmunrfiec2 P HMMB.1]Resi st ant mice were seen
of -3I3L from eonndayo@ytpes . an3d3 radcminbii sntarnat iloln
suscepti bl earmiycfs mégeatni on hel ped the mice t
phenomenon which was otherwise not observec
infection or into the se8€ErP)BAPRERRBE¢d | mmuno
The DCs are potent ABRd whesbnonthkbempbdomb&i Ac

di fferenti amnagfonc yatiatkeirPdCss.a € xipr ensasj ool ahsisst oc om
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compl exl I()MHCCDS8O, CD86, CCR7 p8a®O)Csowergreamnaeoc
the mesgmpearnodes (MLNs) in theckhhmsnarprbpec
to stimulate TH2 differentiation. These recr
p.i. in the re¥%i smamitescridi9doanofbo Illiczvaitnigon of t h.
site of the 1 nfiescttiinolyaitoeedhnteaiommiue CaRi, c € CL 3,
CCL4, CCL2(0 8aAjfdhasekrarsubaerets of DCs that ca
to indaedtamong them, CD11b+ DCs have been se
T. munrfiegc 8.5 Jon

Previous st udVK haeaé hsdpaolwstou-£dRmaldill 3and acti vat e
cel |l sTdumunnfigedc5.1 JoTtheerye at sopb agneéxaselde dihmfere
duriTngmunfiescti on where -4 mese skobdWdaxi pnrnensaséi @osne
of CXCR3 r ecepitmotre soffietdpseeectriaoc eand THIL1 | mmuni
in susclep@B.PiThHea yDX5+ NK c&&mlsejnofemhbeoth
producedl3moaned lelxpe[ B8 t he wor ms

Ma st cells and eosenbphimarls eofsomar @gi ttihc
accumul ation was Tl smundiesesn i @atn 1t [m2.9 [gBotitaht aiytp el
of cell s have beemedsieaetne dt or epsipoonmoaiaefi sl jgc m t e
[ 89] The basophils have salmeo-iTiHReani nsge ey ttook i m

facili-matdtedt ®€ TH2 differentiatifdil]l eading t

1. &Ef3seat adapti ve i mmune response
Three ar e s etvhdadavle satlu cciaddspt e 8 b wnBa.t hrswerlringi wwtets i r

the host by-lelliTHl)i ngnmaneypesponste.,, muweirseas
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achieved bypredd@2baersnehet . showed that wh-eprl| hapve
but wet | B, taeiydtFdmonopud.djmnot her istt uwdays seen |
nude-cet | Tdefwhco esnhto wreidc es Ti.s crpyartriitsh iall il tyy rtect or e
and showed wor neyexrpeugdles iveermly asfetsemo rt MLNE] Tohre t hy
deficiencygyedbtf sChassmBece pth.bsmeuntdystthe adopti ve
of these cells from BALB/ c t{{blPQIIDhei meces hwi
chronic infetfrom sherdgtHé CENIs with t+he pr.
G2a (1 gG2a) that hel padi whasdonm wnii salr-dad-FMNonhef w
antyboAb) or recomb#dnanthelyHZ hoywtedk[irde8e iIslt an't
The susmiegpet o bl @e shif g M Hlle ceglt ok i-onjets 8 ,sluc lha nads | |
prionf | ammat ory m&ana-17b kttsh alti kceanTNFead to pr ol
reactions resulO9BRBYD P.® T H2h rcoyrtliockintide E &y Lt h e

maj or role in worm expulsion in resisTht.ant mi
Mmurlfisfp®Blcel l s and their drhdeddbptdies ald moofr el
system and it was seelnl 3 nc arcssltditsautitoa treeccr ett lea
that can fadependeat amxil diatdy r ( APC ©)v in@brircege s S
i mmuniTt y nfuan9]sThe susceptible setglGpsodhowieo e

whi ch Fasssao cTithlt ed eAlr,e swhsetraenas stthr aiss opgn ad ¢ de @&

1 9g1¢ 2P 9.9]

1. Efedct PR di ated signaling
NOBH i ke r@ece8gpndr-lFiokd s@c&pterpattern recogni

(PRRs) expressed in the cytopl asmmnrunaen cteld d ¢
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including macrophrgetsr, o POhCisl,s ,NKe pcietlhlesl,i al an
recogni ze +®Bbesomiadtheodgemol ecul ar p-as s ec nat e(dF
mol ecul ar pathatrnaci DAMPk)gambdep PBRIisd & afeir ec te
defense agaiastimgcasbas himypdge abelt madagmpt i ve
l eading to the subsequentt08¢tTiov atait @emu mdhnea e a [
antdhi rmwreinne subtypes of TLRs t hat have be
trmembrane|[ A0&] eTihres NLRs, ,amethetotkeld | baad
havteent wutbtrye@e s i nh ihwutng n fshalaEnmd]

Goblet cells inlthweflc DLRh/ 2xpTleR4 a@ndg hTLRS5 o
NOD1 and NOD2 [ili0Br 2ave lolus!| antludi ESP $h afvreo m hoevnt
hel mi ntHlysnelniok e piisn cdrienmaisneudt at he expression of
mouse intestine and increased TLRXchinsthmusadmea
j aponiincfuent 1 O 41)0151 t he Tonmewxitessefarch from our
bot h anigmo vihdtonBuUSHsSs can direct | ye caecptt otrhsr o ung hi
dmMependent pathwayhytdo oxgugdipi)rmorireaeeddtoOni n |
from the entECethsom@&OGihn

TheOD2 receptor plays an i mportanf. rnedreli s n c
in recruitment of <col onliccBybE€bP hHhastdbdemenser al
muriinf ect e dDKNAD D(1d Ru bd vet )k n@c7«kBla@lé c meaeed numbe
gobl et exdprkeses2ng cells in thed4 codometaloonn g
increased wor mo biurfaedit eedd W7 Miheme t he napve
treated with NOD1 andwedM®DZr ageri $shs gobhey €

Mu ce2x pr e[slsOi7o0fhnhe human col onic adenocar e€i noma
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|l i ke properti éevaefhdMER8Puesshudhi hasihateo s
tdhr e was i ncreased expr awéstmmoenatoefd MU G2h iNOD1h i
agonfi 5@ 8]JHowever, Twhent®B®s the directly act 1

receptors SIPDEFmaamdani rexpressioneds yet to be
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Resistance Susceptibility
Adult T. muris
Ceiesd " s i Worm expulsion T. muris eggs worms
o 4 - @ -/
= S T Microbiota : [e= )
-
e - - | - -

Mucus layer

Epithelial cells
Goblet cell hyperplasia
Worms retained
Increased Muc2, nmeox
Muc5ac Decreased
epithelial cell
y turnover
‘,?'P
&
IL-4, IL-13. IL-5, IL-S Increased muscle Decreased muscle |FN-y, IL-2
contractility contractility
. . -

Resistance
saans b ] W Isi
epitheliaicell | @ | @ 4 Worms
S s = - ™ Microbiota
- Flagellin
- e e B ps LTA PGN

Mucus layer

NLR

Epithelial cells (NOD1,2)




MSc TihzZzsiTs Hai der ; MicMadsi Sceark nucneisv er si t y

Fi gbr el mmune responses generated against T. m
mi c e

The r esstirsathannste ogen-emedt at @21 mmunten rpaopdedmsd on
| 5, 91 land3 IfLr om activated TH2 <cell s. The TH2 r
causing hyperplasia of goblet cell s, i ncrease

accelerated epithrt¢nadsecd|l $moarmomes c lamsde ont r

ef f entetconra mirsemsr ever sed i n susceptmebdieatsetdr aimnsu |
response wist ho bpsrea dveadt iwdn cafusleENchronic infect
wor m eoxnp.ulTshie gobl et cells in the colon expre:

NOD2)X1 0mBHese receptors bind widteh baa cctoeurpilael oLfP g,i
and flagellih, mnmwod.ndSTRe -Fegapdobi nding gener a
intracell ul ar sitolg MAPKng mwai kwaywsel pNFE n transc

MucRPhe pictures are generated by the author.
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1.79 muris and host microbiota interaction
Thient erbaecttweoenn t he i ntestinal parasite and h
i hhe co@lwexms o fTlriike ptelfe8©$The microbiota act s
component in the establishment of worms in t
mi crobi al comgos imumfoesct il can aicutmi ce, tbe gut
the establishment of worms by facTl.limatiag
i nfeal ttehnes mi cr obi al environment into a | ess:s
mi cr ofba witlaihtr @anes i nfection bygs ndfi batsegonde
infechbApetudy conBllu@t emdc e nd &€MIr gterad tmechtt hodt
with antibiotics beésukrteeddueciendn g enfsf6e8cht n monf il segvc
caal ter gut microbiota in ditfhihmecest waysi bha
changes in the internal envi rkouneinri g anan cietcit
the ani maih médel cause changes innf SHgeh rionntiecr n a

infl ammatory diarrheashidcCvidddait modeloheot an@amc a ye

associ atned nelbtermee si by of gut microbiota, al:
and abundance and decr ¢89¢d the clinical sigd
AduT.t muarims reside in the cecum anli glhd tni ¢

abundance being [Blithevapr i m&le doarhf@asc tci horno ni
mice caused by | ow niinhiiencits fiveed rdsoistey riens ud @ call
mi crobiota and changes in the @bumdmfnescet iodn
with high infective dose di to mditv e[rheBWt0ON Yy s i
[ 21110 c Ar. o murefiescti on in C57BL/6 mice, the cha

andbdi veesi tmi crobi otssttiaerd sa ppe arsiamgp | &s si gni
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and 28 a@ond .waragg smai nt aa xipear iumdnt [ 8.ied efnfled od ay
speciTes chfia i saodasl study condtultidriefde citnl .opnis gnsi g shh
was assocamtiemncrwidashedPralvon dfdahmaiel eppuepisd!| | um

genMg pisi |dawlmoni zes i n the GI mucugelsaydred 9a
i ncreased producti on of mugcauns afsoslolcoiwaitnigo ni nt
alteration of mucus pr[oldwtltijon and microbi al
| nt esti malcrlbwm@ipn aluarivsae to properly hatch i1
Or al a d mi nLascttroabtai coinin | ombsae a snecir eas e tThheurswscenp
[ 1121]13JReducing the numbersubddiedmridimieada mtei m nt I
number oT. hm@aigegheld?2r] a Tst undugds werien haintdhe d

i nculmadt €3gddA t h mouse ceaoahfioedkipfgfaenrtesn t species
EscherciogclBt aphyl oco,cRallsmoael ¢ @as anydhe mdo mama s
aer ugi nloosavas hl.b sreugrngesdhladd ch successfully al mo
i mvebraycteri al suspensi on, whereas the remov
structur al di srupti on [pljleb\hesrmitgegdelskat c minh g o th
presence of badc¢tmnenaacrap h pliudayyak ey hiedleesst abl i s hm
parasitispli2pPdmt hosetr adiinotno otfh ea nntiicbei octainc r e d
anaerobic bacteri a, Subseéerquematgldgyd 1a4f]Alelct i mgs
findings suggest how crucial the gut microbi
dwel ling parasiaresi aed baw &ahsopmodul ate a

community.
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1.

EOfects of T.memuiratsed nt rSaPrDsEcFr i pti on program
The role of SPDEF in gobl et cel | hyperpl asi
t hrougmedliH2t ed imés$pomae oim the aivrewagn and
previsotuusdiyadong with i t[sl151&]l1ibh thlaes ahtresatdly
obsethatdanscriptiochnaidcEPFPDEFAwere Tprmguil aat
infection in BALB/c mice around the time of
Hedwhi ch hel ps i n emmtaer awpytee udiaftfeed] & i Tclhitrsoomn
i ndesmathi as ht gwambd £t cel |'i di mdifue @ enrgT i aachoiut oen s

infeactio

Al t howrghlwpSiP®®Fofund t he time of worm expul s
mi ce dur momgfiesctproenc iost&RDEF in worm expul sion
i nteractiohebéeiwaénmicrobi ota andi éNOtDi/ vidtRi 0 m

of SPDEHR. dwmunfhnegceé mainn t o be determi ned.
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Chapter 2: Hypothesis and aims

Basedhen!| iteradmurteherresclemtefd SPDEF in gobl et
adaptive I mmuine npuad gemfseeesndacthaeges i n microbi.
and compositionhbyg thesiparhygpmeanesciziesn t imadu
intestinal gobl et cell response and mucin pro

progr am.

Aim 1

To determine the role of SPDEF in intestinal goblet cell response and mucin production

during T.  miuafectios

Rati ohmal previ,agss dstscCadepse@dpricdgul ati on of SPDEF
i n BALBdogr mhndgeacdoumrieesich i @associmci emsevditth gobl et
numbl2.6However, the precise role of TSPDHEIR iisn
expul sion remains twe bevest dob@Pdddnt hidkegrueliant,i o1
gobl et cel prodegpmuneien |a h(dMu ew2o,r mMuecxbpaucl )si on and
of TH2 cy#dokliB3heod | oWLTg memfteeat | bIRDEIREf i ci ent
(SPDEFmMi caend WT coont BApSBY cs.Mack@howand anal ysi s

per f driime driunrfiesct e8P WEmand



MSc TihzZzsiTs Hai der ; MicMadsi Sceark nucneisv er si t y

Sacrifice

@

WT uninfected

Sacrifice day 14 Sacrifice day 21

* Muc2, Mucbac, SPDEF, B-catenin,
/é} Math-1

) *+ Goblet cell umber
300-400 T. muris eggs e+ TH2 cytokines (IL-4, IL-13)

+ Worm burden (infected)
Sacrifice + Microbial analysis

-

|

|

uninfected

~a .
Sacrifice day 14 Sacrifice day 21

+@ﬂ

300-400 T. muris eggs -

FigbreThe experimental WIGPDERamB8RDENedt cbenwe
(SPDEFmi ce to observe the role of SPDEF in gobl

Aim 2

To understand the role of T . mmicrobiwta axis in activating SPDEF to regulate goblet

cell response and mucin production

Rati ofilmé echanges in microbi 8l oompecti itorm narad di
in parasite establ-debmemgthflé@ L O[BLEl Oguhte arresl anteil d
beween parasitemeamddhateéd mbyreahiaaw hsiegrdasty iorfcl ud
ESPs and AMPs secwe tiendd ubcye dt hTeH 1p/ alrHa2sli i¢rnemgu mey rt eos
mucosal and baancdbewui alk | onealo e PERs1 v y1slvd n

t his ai m, weefifnevaetlsstpibgfavtee dnitchreo bi alT. t mamfsescetre d r
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mi ce t o-taretaitletdo € estBasdn) r e g uSPaDEAFodu cafn prod@vacti o
al so perfor med tmi corbosbeiravle atnhael -ycksiefaft eesdeingcteoswpi n

without microbial tranmsfer obuoons & uhd ¥si schoen treaxlte

Sacrifice day 14

Antibiotic treatment orally for 10-14 days
+ f o

Antibiotic

Microbiota transplant by oral gavage sacrifice
< 3 days * Muc2, Muc5ac, SPDEF
ke * Goblet cell number
+ — e X
* Microbial analysis
Colonization: 2 weeks

Antibiotic-treated  Cecal microbiota from
Uninfected mice

Microbiota transplant by oral gavage )
Sacrifice

3 days
<X
+
@ Colonization: 2 weeks —

Antibiotic-treated  Cecal.microbiota transfer
(post-infection)

FigureThe experi ment al pl an catreatedumi @aenonyg
without microbi al rtorl &n offeniTctr anuoc b ssear veatehel ay

SPDEF

Ai m 3

To understand the role of SPDEF in mediating the effect of NOD/TLR innate immune

signaling in mucin production during T . midféctios

Rati o@wr el:ab hals. snBuftss @ir idaitr e ct erfefceesipth wama nT L R 2
enterochr acedflBOM neECPBYR2 ex wanessmd amatf d elce e d
by gut nmibcsrealvieadt a nt rGeFa tagndd OTaNjBEXe mo nalwSfl 74T cel | s

wi NOD1 N2 aguopmriesgtul aé e pdr Y ERoant ment 1 wi NGDXNOD
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agoniwWITasn@Fmi @ad sbowendcr eased godalnedt Muecl2l enxupnmbees
[ 1073174T cell s possessl ihkuemapnr ocpoel rotnii etse gaehbds este cc
MUC2 Hewainnw,eswhgathed t he cihmendyieatiend SPirERFU gh N

i mmune si gnsduirnign gomamh esatyi Iainzii sn g¢Fégurdé 8). | i n e

LS174T

Nod1/Nod2/TLR

&S50 + 2/TLRA4 agonist

MUC2, SPDEF

]

s + Control
Q500 (vehicle)

LS174T

Control

&S5 + (vehicle)

oo + T Murisesp — L MUC2, SPDEF

7. Muris ESP + Nod1/2/TLR2/4 antagonist

FigB8reThe experimental plan carried ouTLRsing
signaling in modul atiimd eERDBMRM during T. muris
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Chapter 3: Methods

3.1 Animal s

Al | the mice used Iin thebaxpggromedts Ewehe gf
combination of both mal-8 wvaenalk sf earlad .e TG eb raenedd
(SPDE'Fan3IPDEmi ce ombBAKkBfound were obtained fro
Hospital Medi cal Cent erSPDEmi ¢ien watrie, p@lida,c edS
mut ati on.cnlihcee BMAUB/anti biotic treatment were p
(Bar HarW®A) . ML I the mice wempepekepgtagens at e
University Central Ani mal Fdaielei ¢(¢ynRfH@AiIFEQrness n d e
they were adapted to the environment nftar Téhedu
mi ce received autoc-kawend fwead &red twdamekrh tcaytz |2el.
Al l ani mal experi ments were conducted in acc

research and were approved byaAnMomBas ReseldnicWh:

3.T2 muris infection

To gener atTe amuggssaumbetr of i mMmmMumhOCB2BLICEBEBCI I c
Jackson L advtod®@K dwlePi)ea f e c taeg d uwildt MKBr@udrgiss by or al g:
Fol | owisnagc rtdlif ¢i icre, Td a ynu@ 85 ms wer e caref ul luym r emov
and were harvested in 5 rml/l mRPMIeniéuddyl/ imte da ad
streptomycin. The TUfoburd WwWasrsnaeondatéenabver
cul ture were resuspendeldhe neq@ad oaxrlavtelderd i sttord
in dark at room temperature for 2Tomoreplas ebé¢he
eggs for gavage, the stor ednledgfgasl cwenr et uwaes hwei dt,

distilled water and tt1B&® g @l tfroomuiweass. clemd rda g gus
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transferwedppmealdafldloddbe § ube., mat ur e elggusn dweerr e
a |ight microscope. The counting was adjusted
infection and the esj)gauwerce asespended!| i ed2wdat
gavageup BPPHEBRNIPIFEMI coenifnrexlper r meeti yed a singl
approxidmal.elmuggss pekrseenil e water solution to
acut e itnhfee cmaijffoont,ihtey wor ms i n r e stiweteann tldmiyaced a2r €
so tihmepoints of athay¥yd4dfonod @ére.set for t wo

SPDEENnd SPHDEdRgure6). Throughout the time of infe

adequate autocl,anedt heiod wedgliatamd physical

weekl y.

After sacrifice, the cecal20amphsesewsr eheolwbe
under a dissecting microscope. The counting
suspending the cecal contents in sterile wate

and st-®0 €dri ntehe meax .

3.Antibiotic treatment

3groopsBAmiBde Jrecougdint ai ni mgc &i yne & ed esopcekattariul 0
antibiotics consisting of neomyci n, ampicil i
steril e dr i nk2 ndEgwedx 2ur ifrog tllDe ti me of treat me
water and food consumption were recorded dai l

treat ment period and their cecal, colonic, an

3. Mdoptirweimitca transfer
At the end of the antibiotic da&mmiecaet nmeenced,i W& ds e2t(

cecal content di |l ut edn avBvideh 8T .e r munei esca teedr dfornoom
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or al gavage f or Th3e ccoencsaelc udT.1vtemingtdsyssftreadrma rdeonor s
col |l eda3®%s pl.hie. cecal contents from both donor ¢
buffer saline 3(7PB&t)er i mMBtOhaft @edt2® wi th vigoro
5 mi nnudt ewserae al i quoted in small tubes before t

stor80 fiom microbi al anal ysi s.

3.5 ssue preparation

After sacrifice, the colonic tissue was <coll e
sections of approximately 1.5 cm |l ength, the
storimg80t aech was wused for iaigf fteor drhte d 9@ I oanc
From proximal to distal, the seamniionat wee epals:
chain react tHorn sePOR) NI N assay (if needed) ,
myel operoxi dasen@dasanyextfansedmdht aof tissue
experi ment . For -2h imam d lecagy,h twiasss uwpd aaccfedl i n hi st

contents and fecal matters were stored for s u

3.Hb6i st ol ogyst{gobleg)cell

Colonic tissues (around 2 mm in |l ength) were
were fixed in 10% newrBalholhufsf.erMdae fcarsmaltitre sf avr
ethanol td@ao& ehéanol befiertei esmbesdi ngparaffin
Schi ffst(aFAnNS)was used -etnob esdtdeeidn ttihses upa rsd fifdiems i |
colonic gobl et cel |l s. The PAS+ gobl et cell s

guadr ant an¢ &9 ,00c3k, rée,gi ons) for each mouse.
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. Tmmunofl uét € ence

The f ofrimkadd ., remhedtiedncol oni ¢ amwes eestautnhetdo fan
Muc2 and SPDEF to observe their expression. TI
60for 40 minutes and cleaned with CitriSolv (I
rehydrated usi ngsaiqgr aced eatsh aargo Ilc onereint r ati on
guenched for 5 minutes in 3% hydrogen peroxid
3 times with PBS for 5 mduwuwadcdc se mintdo gV brj eetcraieaedv
buf(fpeH: 6. ®Dpiadt ngg < ebmbErmituuteces orTH® sl i des we
PBS 3 times for 5 minutes and blocked with 5!
mi nutes before incubating t h4 mTIheitnde rpyr iama ri yo oad
were pol ycl ehPaDE Fr a(blb:i-&8@ 4a®0MtIEB) oand poiMucl2onal
(1: 7553 3¢«, Santa Cruz Biotech). The sections
incubating them with sececdadprgntnbobdiods efouwu
Fl uorxcoh8§ & gat erdabgboiatt lammuinog!| obluhvint) 1Géd dd g SGPDEE
staining and-chlngxuag aF lewa ighhiat® 4 laghG v(i ) r T@&®G, Mu c 2

staining. After PB&sHiomrg 53 miinmdsswi tthhelds &ct i o

di ami2zgpiheammy!l i ndol e (DAPI) (Thermo Fisher, | ot
kept in the dark overnight. A Nikon digital c
Eclipwet&80#d4pPx magni fication | ens was used to
examined using NIS Elements Basic Research ir

Muc2+ cells were counted per 10 crypts in 4 d
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3.Bnzylmenked | mmunosorbent Assays (ELI SA)

Approximately 15 mg of colonic taBBuélg werda n
|l ysis buffer with protease inhibitor cocktail
PI'C) and centrifuged at 13000 rcf for a% minut
80 for protein quantidaadcoor ?vihmght @atn@g éméiocu ma
using the DC RrcattaillmgAses anyBRa K i51000drldT loeBiipos pt e |
concentration of each sample was compared to
bovine ser umBaloBhmiprE CBSA) a( | nc. , -iBuwfrlla nmngattoonr,y
cyt ok#d4n easnHI3LI wer e measured using c o(mrearctiiakil nye
Mur jlmeg P293B3%9%ardaorl ot -4;2 BREMEA 8Sy dtrerhd, Mi nneap
accoradi hgbet maufpaot oced . The results were no

concentration measured by protein assay

3.Mi crobial analysis

To analyze the changes i n nSPcDERNSEPIDEFO np@si t i
at both ufdi nmercfiesbM2ead)d(.stfadgesai m 1 -tamaeataend | dri @u
(wiotnwi t hout mi crobiofalésan®NAr seffoenai mg 2o0f
conducted via amplificationsedqué&B&ddreiga olnisl. ur
I Il umi na (Far ncowembeemp anrseéd taidg aei)n satn dS If LoMA ot wai xnogn ¢
t he processing via ADADA2I| i miepetkionée for mi

(https: mi ewwawbi o me arearleyf vtp.eada/by Xi a Lab at McGi l

anal ysis of the microbial dat a. This softwar
analysis andl8]$beati tabiomas various modul es

among whi ch, Mar k e r-b aDsaetda 1P6rso fri R N A1 gmanrokdeurl egene


https://www.microbiomeanalyst.ca/
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datearresduced tno la bmiamiymwi ze to resolve any un.

sampling problems in the dat a.
Thbd versity was -€botwnsudiagi Birlagrity index a
performed via permutational MANOVA)arviag ea lainzad

principal coordi naarecds iamtad rysg eésn e(rePaGodid) p bpy tasthse s
t er medioffer si ty ainmd g uisseads @ oa oald dcrhensess ssspaenep |eess

St udenutn p-aeepwayt anafl ywarsi anaed( REBWMNNEOYA used

tassess pair wi sehocconsptaartiissbtoni o dwlg e apnoasity ©ries abunda
bacteri al g einreddicas csre pamiaraaghdilesczze | ( WBESep)erA or med .
correcalkde pof coe60 s Odfteamaidst i c aalnldy wsaisg na dfji ucsatnetd u
di scoveryThat e e( BDR)Yphwylbwmdamdsevpeasn tad sloe wedls er

observe the changes in microbial composition.

3.LA8 viermiomekt: caul tur e

The human colonic adenocarcinoma cell line LS174T was utilized to investigate the role of SPDEF

in mediating the effect of @D/TLR innate immune signaling in mucin producti@figure 8),

which wasobtained from Kris Chadegastrointestinal Research Group, University of Calgary,
Canada).These are adherent cetlzat secrete high amount of MUG&d they were primarily
cultured in a T75 tissue cul t urieutrientrigukeFi n Dul
12 or DMEM F12 (Gibco BRL Life Technologies, Burlington, Canada). The media was
supplemented with 10% heimtactivated fetal bovine serum (FBS), 1% penicillin, and
streptomycin, and 2thM of HEPES buffer (pH 7.5) (Invitrogen Life Technologies, Burlington,
Canada). Theells were subcultured a few times in T175 tissue culture flasks and cells from

passage3 to 5 were chosen for subsequent seeding. The cells were seeded at half a million density
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(0.5x1@ cells/well) in a 12well plate and at 5.5x£@lish in 100mm cultue dishes at 3T for 24

hours in 5% CO2 and 95% relative humidity before treating them WwithurisESFs, agonists

and antagonists for NOD1, NOD2, TLR2 and TLR4 receptéw these experiments, the
following treatments were used and tbptimum concentriions were chosen according to
published papers: NOD1 agonist (GIE2DAP)-1¢ g/ ml , NOD2-MBPR)andTLR2/1 ( L 18
agonist (Pam3CSK4)10e g / ml TLR4 - 400 mgMmi, B. murig abtiges )50ug/ml,

NOD-1 antagonist (ML130)10e M, NOD2 4GBK7/AQdoeiMst TLR2 an-tagoni
CPT22)1e M and TLR4 aRS)%Beggo/ ibdB$[107][LIOJP1]30][121]. CU-CPT22

and ML130 were purchased from Tocris Bioscience (Burlington, ON), LPS and GSK717 from
Sigma Aldrich (Oakville, ON), and others from InvivoGen (San Diego, @RS was used as the

reagent for control cellsThe cells were incubated at 37°C for 24 hoar$% CO2 following

treatment Trypan Blue (Thermo Fischer Scientific, Burlington, Canada) was used to perform a
Trypan Blue exclusion assay to check the viability of the treatesl &&ll death is indicated by

blue staining. Cells remained viable fallmg treatment with the drug of interest.

After 24 hours of incubation, TRIzol RNA extraction was performeektoactthe RNA from the

samples in B2-well plate to perform qPCR to observe the expressiohushanMUC2 and

SPDEF. Similarly, from the 10@m culture dishes, cells were scraped out with PBS and sabred

-80°C to perform protein extraction and assay for Western blot to detgubtieen expression of
MUC2 and SPDEF

3. RNA extraction

Total RNA was extr act(eadp pfrrooxm nahtee |Icaonl doSciedg | soaf nupt |1
using "MrRelazgoelnt (catalog no. 15596026, Ther mo |

500 &of TRIzol was added to each sample and ho
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incubatiempaet atoaom f elr &f me mludresf. orl®O( Il ot no.

Canada) was added per sample, vortexed for 10
mi nutes to all ow phase separati on. nifihneuatseasmp| e
4AC which separated thechdammlfeosr m ntaogyea lamwe ri
aqgueous | ayer containing extracted B&®NA.i nTthoe au
new set of et ubfescahndl 25$@O@Wrlqg p &Grewlr gelt @twnn o .Cafha s
into the |l ayer to allow RNA precipitation. Th
temperature and centrifaddd.atThe26uperanfat bat

after centri fuglaltdatonatantdhda hkeo tRtNOAm pewas washed

with centrifugation at 7500 rcf fodriLlédmfaoaut &
mi nutes and ¢l sfRolAeee wat er0 (Ul traPure disti

| nvin) omeer sample b80DACefotrociomp| etmemtiamy DNA

3.@QAantification of RNA and purity assessment
The quantity and purity-Vofs RNA cwe Ndgnaofl soenpest 2edr0 @
(Ther mo Fi schleirngtcorentCGadnada)BurThe nucl eic aci
260 nm wavelength and using the 260/280 ratioc
range between 1.8 and 2.2 for ®aéemEeddDattndn2b60;
the range indicates contamination by wurea, aci

of extracti on



MSc TihzZzsiTs Hai der ; MicMadsi Sceark nucneisv er si t y

3. C8mpl ementary DNA (cDNA) synthesis
CcDNA synthesis was perfornedpretcoc diCapmaadtimtgyt H ie
c DNReverse Transcription Kit (Thermo Fisher,

transcriptase enzyme preventing RNA breakdown

3. Rédli me Quantitative PolymERAsSse Reaction Cha
The expression of target genes relative to the housekegeires (expressed in every cell at all

states) was assessed by qPCR. Eact 20 PCR reaction mixture (ca
contained 10 ¢l of 2 I SsoFast Evagreen SYBR
Bio-Ra d , Mi ssi ss auwfnacleas€ aread ava,t et , eIl ¢l of CcDNA,
and reverse primers each (10 e mol /Rad)wasusedent r a
to carry out gPCR. Expression of target genes was normalized to the reference gene coding for
mouse 18S rRA for aims 1 and 2 and human 18S rRNA for aim 3 experimentbe relative

abundance of mMRNA was analyzed bypp2ZpCT met hods using mean N SEI

3 0) o fandrhemarpreners arerovided in the following table@rable 1 and 2).

Tabll eLi st of human pri mers

Forward (53" Reversg5-3")
18S TCCACAGGAGGCCTACACGCC TTTCCGCCGCCCATCGATGTT
SPDEF CGCTCCATCCGCCAGTATTA | GTGCACGAACTGGTAGACGA

MUC2 ACCCGCACTATGTCACCTTC | GGACAGGACACCTTGTCGTT
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Tab2 elLi st of mouse pri mers

Forward (53" Reversg5'-3")

18S GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG

Spdef AAGGCAGCATCAGGAGCAATG CTGTCAATGACGGGACACTG

Muc?2 CTGACCAAGAGCGAACACAA CATGACTGGAAGCAACTGGA

Muc5ac | GTGATGCACCCATGATCTATTTTG| ACTCGGAGCTATAACAGGTCATGTC

b-catenin | TTAAACTCCTGCACCCACCAT AGGGCAAGGTTTCGAATCAA

Atoh1 GTGCGATCTCCGAGTGAGAG GGGATAAGCCCCGAACAACA

(Math-1)

3.15Western blot

Protein exterasatriecanrenandf t ot al protein concent
PBSrom the 100 mm culture dish was perfor med
5000BRil-Radabor asopbes maa@f pcobttoeon!l . Using the ¢
templ ate develgoapéd almpuot B@ b adbapcrhe tgerionup wer e |
separ a8ted2% bYpSS | yacryl ami de .gelol ¢ loave hmgo g hhoer esse
prothee ngelts awmsdferred to a (pRV DIie)mmby(ladnadteanleo gdu & | n
162017-Rad Biaocbhoustog-BEshnJurbo tdrard oBrRissdpryt em
accor dihneg naon@f a aitsu Meimbh i @ames were bhblookedewum
al buonBBA (Bi oShopE Canadai fArnibau f f eBruéTdwieseanlt ic2mOe (

(TBST) at robomr t @ mbhe u amé nbberd aorrees tvheer e i ncubated
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primary amnt.4 ATohdei epsr i mar wea ret iaNgde@ 2n2sE 0 -G64c 0 3 2

Santa Cruz SBBEDEB®OWD;C749HI2dbactamd (1: 1000; cat a
CST) . Membr anes were washed 3 times with TBST
withr abbit hor sefladiksehd paenrta xbioddayse( 1: 5000 ; cat :
houromtt emperatur e. Foll owing incubation, the
the proteins were tMWeastednwienhacCtadi tyweMakun
substrate (catalRmg nabotad0bo6’2s) Bi dhe membr a
lumi nescent i mage analyzer (Chemi Doc Touch I m
visualized. The analysis of the bamodrsmaMaisz epde rt

housekeephaqgt ipm.ot ei n

3. 86atistical analysis

The statistical anafsis of all datawas performed using GraphPad Prism version 9.0.0 for Windows
(GraphPad Software, San Diego, California, USA) and the results were expressed as mean * standard
error of the mean (SEM). Unpaired Studetitisst was used for comparison begéwéhetwo groups.
Oneway ANOVA wi t khocTmultpke goinparisprotest was used when comparing more

than two groups with a single variable andtwa@ay ANOVA wi t kFhocTestlagphedfer p o st

two variablesP value of <0.05 was presentedstatically significant.
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Chapter 4: Results

4. 1SPDEF regul ates intestinal gobl et cell res |
mur i s iansfseocctii adthbe2de dvii dthed i mmune response

To explore the role of SPDEPB r o d udgdorbib megt mucrei sl
infection, the numbRNAXpPpr & aASprpdyic@hMu ¢ Scaaddl s |
the number of Muc?2+datnar i IBiIPMEFDE KaenIIPD EWie c e
with orT.wintuiriestt i on ( d@igure®42).a nlfch e2 In upmbie.r) of PA
cells significantly inErems®RDEMMI tewahgdapf &d
which remained uligarde PAg B)eTdh 8aPtDEdayx e2 di d not S h
signi ficaPASgmbdredtd sse af.t eMo rn end We\S,i+ ofigeovbed eerte c e | |
obser 8@OEmMN c® mp areRID EtFFigure 9A, B). SISPOEFMuc?2 and
Mucb5ac are iIimportant markers of dablTetgmuel Iss
i nf eichi mhpcree vi o u sh eantRINd&i xepsr,eveass ommb s er v ¢Fipurev i a (P
10A-C). THhRDE'Fmi ce sdiogveidip caqul Spidath bdy 14 p. i
downr egul at (Figure Ay d3BeDEHMIi ce al so showed incre
oMuca2t day 14 p.i. which (FiguedOBnMuwuceXxpclasg @ avt
also signi feebbEmil gs| ce@®R DE'MI deasrbagh uni nf ect
and | pfee i(iiglrd10B). Muc5a@ mucin nor mal lsandxpuaegse
but seen to Dbesiinndrhea sreedsiisnt amao Imom ficeec tfi oolnl odwii dn

however, show anysaeXx mgmeBigne®@t change in it

Since the gen®pdwafse hpPYRdREMmMomeorfter infection
SPDEF+ cells pemsse@wiseyipmmuwafs| o 6SeRBERNce. (| F

Tedapaesant emd | arre gtarrpdnsdtteda n ex pr d o4 il diwi oy rS BDE
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i nf ewhiohhowddht SPDEF+ cel |l sattaymibvhwiedeap | gt edcr
by d&Fgur@llA,B)Theumber of MURRER cHR DBFRiicneailvas
determined via tlhfd@, 2wh icSEHDIESFmb mendt r aas edady 14 ar
remai ned unchankgard124, B). Tdhaey d2olwnpr.eig.ul ati on of S
expression of SRDEFniame glhaty Uuggest that there
induce Muc2 exprelscsiat6PMDEmObhotvedel bwer numi
Muc 2+ coenlplasS®d Etffoi ¢Féigure12A,B).Al | t hese findings sucf

modul ates gobl et cell response.amduresctriedmnon

The BALB/c mice are the resistant strains which show TH2 immune response witteeduigé
of T. murisinfection (>150 eggs) by secreting TH2 cytokines4|LL-13) that helps in expulsion
of worms.To see if the changes in SPDEF and Mwe2eassociated witifH2-mediated immune
responsen SPDEF* andSPDEF" mice, the levels of 1l-4 and 1113 wereassesseuia ELISA.
The datashowed increased levels of-fLand 11-13 inSPDEF'* miceatday 14 p.i. and significant
depletion of both cytokines by day ZEigure 13A, B). On the other hand, th@PDEF" mice
showed ayradual increase in H4 and 1-13 levelsfrom day 14 taday 21 which was significant
for IL-4 (Figure 13A, B). Compared tSPDEF" mice, the SPDEF’* miceshowed higher levels
of IL-4 and 1-:13 at day 14, but a lower level of-A at day 2XFigure 13A, B).

Theworm burden data showedmnificantly higher numbesf worms in the cecurat day 14 p.i.
in SPDEF"* mice compared t&SPDEF", which declined significantlpy day 21(Figure 13C).
The SPDEF" mice, however, started showing an elevatiothieir worm count from day 14 to 21.
Thisresultin combination with the TH2 cytokines datey suggesthatSPDEF’* mice show an
elevated TH2 response around day 14 p.i. which helps in worm expulsiosubséquently

redues the number ofworms remarkablyby day 21 The increased worm count observed in
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SPDEF" mice at day 21could suggestielayed or impaired hatching & muriseggs in these
mice. The delayed expulsion of wornsbserved irSPDEF" mice at day 21 p.i.may have also
been associated with a delayed TH2 response, howtbiseeneeds to be determined further.
ATOH-1 (or Math-1 in mice) acts asa downstream component &/nt canonicalb-catenin
signaling cascade amédgulates the cefatedifferentiationof ISCs into the secretooell-types. t
activates several transcription factarsl one othemis SPDEFwhichdifferentiates the secretory
progenitors into goblet cellsSTo observewhether these upstream regulators of SPDEF are
differently expressetbllowing T. murisinfection the mRNA expression ob-cateninand Atoh
1/Math-1 was determined via gPCR BPDEF’* and SPDEF" mice duringuninfected and
infected (14 and 21 p.igeriods(Figure 14A, B). No significant difference was observedbn
cateninexpression iNSPDEF’* and SPDEF" mice during T. murisinfection (Figure 14A).
However, Atoh-1 showed increased expression SPDEF’* and SPDEF- mice following
infection at day 21 p.{Figure 14B), indicating that the differentiation of ISCs was directed more

towards the secretory ceitpes duringl. murisinfection.
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Fig9Eéfect ofi Mtesmur nal nos BDEEWE] CcSePIDhESE e Wi
14 & 21 p.i.) or without infection

Representati ve-sit macoe gymabfd e(tA)c eAASs ob,sedyv
Number of PAS+ goblet cSADERoIRDEmIdc @ ¢wWic
14 & 20lr pwiilt. homiutr fi s®tait @an ar e r epr -eSskeMht e*dp <

considered as statistically significant.
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FigabeEffect of T. muris on relatMwvebaR
SPDERInd SPMhEEe with (day 14 & 21 p.i.)

Rel ative mMRNA EeXpdeBYuicZna mdMu (Beaxsessed L
SPDERNIIPDERmI wé { Hay 14 o& 2iTtph.aiwt)fiesct i on,
mouse 18s. Data ar-&seEMeprres<dnt0ead ias cma

significant.
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FigadeEfoffedt muris on SPDEiFee cwiltlls ( da

without i nfection

Representati ve i-anagjiersed fc olAniSPDcEFFoss s e
Number of SPDEF+ cel |l SPO&EWFNitevalt pe¢ dayp ¢4
wit hfoutmunmfiescti Data ar e r e-pSrEdvk e n*tpe<d0 .as5 m

statistically significant.
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FigareEffect of T. muri $dod MPOEE ec avliltd

& 21 gpiit.h)oudr i nfection
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as statistically significant.



MSc ThZ s iTs

A

SPDEF/*

SPDEF-

Muc2+ cells/10 crypts

200

-y

(4]

o
1

100 =

[4)]
[=]
1

o
|

Non-infected

Hai der ; MicMadsi Sceark nucneisv er si t y

14 p.i. 21 p.i.

*
I I
*
| - .
' \ ' \ ® SPDEF*
n ]
* /.
® SPDEF
] \
°
o e
T T T
Uninfected 14 p.i. 21 p.i.



MSc TihzZzsiTs Hai der ; MicMadsi Sceark nucneisv er si t y

FiguBe Effect of T. muris own tamed 3lldwnelco |
in SPDEhWR SPMEEe with (day 14 & 21 p.i.)
in SPDEECWRd SPBEEe with T. muris infection
Levels of THRUaypWBKInesesEedBEBARPDERNIPDEF
mi ové th (day 14 &T21mpnfiesdnibor®)nt hoB&eEF
an®PDEmi avé Th munmfiescti on ( dRyt da 4ar&e 2rle pr.-d

SEM, *p<0.05 is considered as statisticese
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FigadeEffect on T. muri s offc arteelnaitni-Yaen dm RS

and SPMEEe with (day 14 & 21 p.i.) or wi
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4. 2 T. muris infection af’é8edsSERE&e micr
The interadcti vmrdoeggtute emm c-d obu memat ed iwelVvarious
more so in terms of chronic Ti.nfmamwfieomni onhiem eCbH
mi ce was associated with changes in microbial

Bacteroidetes plhayd tuarb aadniaimljed fOHER JAi st udy fr om
conducted on C57BLT.6 mumrcfescwii toln aeumbesodbbatakd
compowiatsi a@ahtered in intempadedi crei gaehw hdifioghc Biésd p)
t o pludb| i sdimsler ve the differenc®8BDERNBPDEBDLI al
mi ce on BALB/ c baT.kgmwomufinslcefietnl, o @i mdbundance o
compoxitt igem usn gdasv e li anial gpfsfti ssczte ( DEFSa@) i ous bac
genamd, -dibveewiitth-hpostamelr®ssesssed in both gro
t i me p(Bigure 1547, Table3,4). The twend@osi ghald e(durnisnfDdct ed) ,
and2D (p.i1). abhbad@alredtase i s Bigure 15A.nTod et ertnhien e

significanwvhiuei kDeOé&Nt bapteri ali maiagecrrai minn abnot
anal gfsfiesczivea s ¢ o r{Figure15B3@). SPDEmMi ce showed increase
oBactenofidespt aterc manfiescti on at day 14 p.i.
Eubacterium, AnaerdomesmbPsevdndédlamidealwi tmuo u ts

infectionSeoiEpharciigureis).On t he o$SPMREFMhaedshowed
hi gher abuRdeaeacelMudi cpirill umandBi mechobdras t efrri
Lachnospiamac¢egaevi t hout i nf®&RDEBEM,sdwhwelde itnhcer eian
abunda@s®i lolfk eacaleirhbacul wm, dayPeElRiL @b ndaay 21
p . (Figure 15B). Figure I5Cs hows t he gr ap&difi c sobfmegtrhees emmotsatt i aobnt

bacterial gener@PDEBn8RDERIN@e hdi §herent ti mep
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To take a |l ook into theSRhEmgREDEBEmM crellcy @bs iatl y ¢
was determined using Chaol i ndex bdi werssirtvye vee
deter mi ne@urvtiias Bdiasgyt ance usitrheg BCaoA l@alrott i e
di stribution b et eean 16,d7T).f f BPhoosch t p agirrowipsse compa:
conducted to observe the differTshlked 4§ SPIDEFdi ver
mi ce s howeldd idvegcrrseoanspe&IP B &'Ftioc e at (Higuye 161 Fablep . i

3, Alth®PPEFEmM&EPDEmMi ce did not show anly signi
di versity after infection coPRERM csemo welde i r
decr éldisveedr si ty at day 2 FiguecedGyifalde3)e d Dhe veayp i 1 4 p.e
showed different distribut S@DE®&NIMRDEMOBEakltCO
day 1BEigune 17) Table §). Bot h gsrhoouwesd adisfof er ent di stri bu

day 14 and 21 p.i. compa(Figuee17tTabled)hei r uni nf ect
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FigabeAnal ysis of micr ob/idaidP®&mp ocsei twiianh
21 p.i1.) or without T. muris infection

( A) Rel ative abundance of mi cGroap hail c aclor
significantly diif®PFDERatn38P®Eeiravéat hvgael nuper
0.05analyzed CQrn ap LIEFEle ,pfr etskeart md stonabund

SPDERMNSIPDEMIi ceanal yzed via LEFSe
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Figabe Analay pthiav eif SPDER nEPDEfi ce with (¢
p.i.) or without T. muris infection
Al pdhiaver sity asisredaSePd EfRynsPhDaEoFhi ce wi t h  (

p.i.) or Wit huaties¢ diagn 0)
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campeaerissdry dfetavleegma di ffere

statisti

SPDERNd SPRE&ep,<0.05 is considerrtd. as
Pair P-value
D O(WT) vs D_O0(KO) 0. 107
D_14(WT) vs D_14(KO) <0.001 *
D 21(WT) vs D _21(KO) |0.088
D O(WT) vs D_14( WT) 0.531
D O(WT) vs D_21( WT) 0. 187
D_14(WT) vs D_21(WT) 0.01 *

D O(KO) vs D_14(KO) 0.00904
D O(KO) vs D_21(KO) 0.236
D 14(KO) vs D _21(KO) |0.77
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FigaZe Anoafl yoseivseirSPDEFAInNndPDETMi ce with (d

or without T. muris infection

Betdaversity assessed -Chuyr tRGo Adipslsa th PDIEIFa

SPDEFice with (day 14 &T21nprfiesdt ioan wi t h
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TabdRodhbDc pairwise cohimpearrdistoyn gt beeeam d'f ffer en

and SPREE&e,<0. 05 is considered as statisticall

Pair P-value

D 0O_(WT) vs D_O0O_(KO) (0.309
D_14(WT) vs D_14(KO) 0.026 *

D 21(WT) vs D_21(KO) (0.858
D _0_(WT) vs D_14(WT) 0.009 *

D _0_(WT)vs D 21(WT) 0.01 *

D 14(WT) vs D_21(WT) |0. 756

D _0_(KO) vs D_14(KO) 0.029 *

D 0 (KO) vs D_21(KO) 0.008 *
D 14(KO) vs D_21(KO) |0.401
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4. 3 T. malrt eni €ed obi ota stimulates the expressio
cel | response (Muc2 secretion)

T. murisand host microbiota interach plays a critical role in immune respon3éeintestinal
mucusplays a major role iprovidingfirst-line defenseo the hostandgut microbiotaalsohelps

in proper formation and maintenanoé the membraneTo determine ifT. murismicrobiota
interactionhas annfluenceon the expression of SPDEF and goblet cell respahgenumber of
PAS+ goblet cellsnRNA expres®on of Spdef Muc2andMuc5ag and the number dfluc2+ and
SPDEF+ cells wre assessedh the following groups of mice on BALB/c background: WT,
antibiotictreated WT (ABXWT), ABX-WT transplanted with microbiota fromaive(WT) mice,
and ABX-WT transplanted witil. murisaltered microbiota fronT. murisinfected(WT) mice
(Figure 18-21). The data shoed a significant increase iRAS+ goblet cells in ABXNT mice
that receivednicrobiotaeitherfrom naiveor T. murisinfectedmice compaed to only antibiotie
treated(ABX-WT) mice (Figure 18A, B). ABX-WT mice transplanted witfl. murisaltered
microbiota showed higher number of PAS+ goblet ¢elontrast tctABX-WT mice transplanted
with naivemicrobiota(Figure 18A, B). ThemRNA expression oSpdefandMuc?2 observed via
gPCR showedthat both Spdefand Muc?2 increased in ABXWT mice after they received
microbiota fromnaive orT. murisinfectedmice (Figure 19A, B). Also, the mice who received
altered microbiota showed higher expressionSptlefand Muc2 compared to the mice who
receivednaive microbiota (Figure 19A, B). Muc5ac expression, however, did not show any
significant increase in thaicetransplanted witmormal or alteredmicrobiota(Figure 19C).

In relation to the changes observed in the genetic expressi®pdefand Muc2 the number of
SPDEF+and Muc2+cellswasobserved via immunofluorescen@dgure 20,21). The number of

SPDEF+and Muc2+cells showed a significant rise ABX-WT mice after receiving microbiota
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from naiveor T. murisinfectedmice (Figure 20,21). Figure 20-21 alsoshowedhat after receiving

T. murisaltered microbiotaABX-WT mice showedjreater number of SPDEFnd Muc2+cells
compared to the group receivimgive microbiota. All these findings suggest thdt muris
microbiota interactiostimulateghe expression of SPDEF and Muc?2 with no significant alteration

in Muc5ac expression.
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Fi gurBe Ef fect -mifcrTo.bimuami sinterplay on i
anti dhiretaited -WWIT) (mrAiBXe, -t ramdtidd oWTc mi ce t1
mi crobiota,-tarneadtadt Whi mt ce trangglamttead «
Representative-simages efol oA) cPAS Dbl et cel
Number of PAS+ goblet cells cousttreatpdr-)
WT) mic®] ABXe transplanted wi-Wh miaquesres p
wi Th rmalrtitesred microbiota. DSEM, atp<0ed5be

statistically significant.
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FigaBbeEffect-motrobimemi s nterplay on rel
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44 T. malri ered cecal mi crobiota shows differe
mi crobiota following micr-obeatetdrmnseel antatio
The antibiotietreated WT (ABXWT) mice showed increased number of PAS+ gobli$ emd
higher expression of SPDEF and Muc?2 after they recdivedurisaltered microbiotacompared

to the mice that receivedaive microbiotgResult 4.3). To observe the differences in microbial
community, bacterial profilingf the ceal contentsvas performeah the following groups: WT,
ABX-WT, ABX-WT with naive microbiota transplgnand ABX-WT with T. murisaltered
microbiota transplantRelative abundance of microbial composition on genus |&kailversity
usi ng Ch a dilersity rusimg Bray-Cuitis dissimilarity index and gsthoc pairwise
comparison of microbial diversitywere assesseth those groups of mic@~igure 22-24, Table

5,6). The relative abundance data on genus level showed that thenedati@elyhigher abundance

of Grampositive bacteridEnterococcusn ABX-WT groupcompared to WTor naivell. muris
altered microbiota transplant groufgagure 22). The ABX-WT groupdid not showanyrelative
presence ofcertain Gramnegative bacteriasuch asAlistipes, Helicobacter Odoribacter
Bacteroides, Akkermansia, Anaeroplasma, Parabacter@ddsmemberdrom Lachnospiraceae
family, which were seeto be presenin other groupgFigure 22). ABX-WT mice transplanted
with T. murisaltered microbiota showedlativelyhigherabundance dAlistipes Odoribacterand
members fromLachnospiraceafamily; whereas the mice transplanted with naive microbiota
showedhigherabundance oflelicobacter, Intestinimonasnd members frorRikenellaceaand
Prevotellaceadamilies (Figure 22).

In regard tamicrobial diversity ABX-WT groupshowed @ninishedU-diversity compared to WT
and naivel. murisaltered microbiota transplamgroups(Figure 23, Table 5). No significant

di f f er alivecsitywasobseltved between naive afidmurisaltered microbiota transplant
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groups.On the contrary t -tiversitp datahasshownthat ABX-WT group that receivedT.
muris-altered microbiota areeparategl distributed from thenaive microbiota transplant group
(Figure 24, Table 6). All these datasuggest thal. murisaltered microbiota showdifferent
microbial composition and diversity compared to naive microbiota following microbial

transplantation in antibiotireated mice
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TabSRotbDCc pairwise campaeiriss Wiy omi c et|rpehaattei db i VOTt i ¢
(ABWT) mice,tramdtiddd oWT cmi ce transplanted with

antiftiretated WT mice trandlredt éengp eDiotDiboT.a mur i

consiedeas statistically significant
Pair P-value
D_0(WT) vs ABX 0.003 *
ABX vs ABX-naive_microbiota 0.04 *
ABX vs ABX-altered_microbiota <0.001 *
ABXapve_ _microbiota v|[018
altered_microbiota
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TabtRo$DC pairwise chimpearrms iSdbn ma fc el e ¢aantteido i VBTt | C
( ABWMT) mi ce,t ramdtidd oWT cmi ce transplanted with

antifiretated WT mice tranhngelraendt.enp eDiotDhiboT.a mur i

considered as statistically significant
Pair P-value
D _0(WT) vs ABX 0.026 *
ABX vs ABX-naive_microbiota 0.031 *
ABX vs ABX-altered_microbiota 0.024 *
ABX-naive microbiota vs ABX- 0.03 *
altered_microbiota
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4.5 ESPIs. dmurre cst | nyR NsAt xi pnmuel sastieo nt hoef SPDEF and
NOD/ TLR signailn nlguman havalgocmriea i mugc icre | | l i ne LS
As discussed in the rationale fam 3 in chapter 2, previous research from our lab has shown how
T. murisESPs exert a direct effect on TLR2 expression in human EC cell line B&\s and
stimulatethe secretion of ST [103]. Our lab has also showthat treatment with NOD1 and
NOD?2 agonistsn mice with acutdl. murisinfectionresulted inncreased number of goblet cells
and Muc?2 secretiofi07]. Theexpression of MUC2 in human colonic LS174T celso increased
following NOD1 and NDD2 treatmenf107]. The colonic goblet cells have been seen to express
higher levels of TLR2, TLR4 on their surface and NOD1, NOD?2 in their cytoplBsmnvestigate
whetherT. muris ESPs influence the expression of SPDEF and MUG@uth NOD/TLR
signaling pathwayin LS174T cellswecultured the cells and treated them in 2 different sets, each
set containingells from 3 different passagde first setvastreated witha control reagent (PBS)
and agonists foNOD1, NOD2, TLR2 and TLR4eceptors while the second setas treatedvith

the same controll. muriSESPs and the antagonists against the NOD1, NOD2, TLR2 and TLR4
receptorswith T. murisESPssimultaneously(Figure 25A). We assessethe mRNA expression

of SPDEFandMUC2 via gPCR(Figure 25B-E) and their protein expression via Western blot
(Figure 25A-D) in each set.

SPDEFand MUC2 showed higher expression in LS174T cells after treatment with TLR2 and
TLR4 agonistgFigure 25B, C). Figure 25C also showed highdvilUC2 expression in the cells
after treatment with NOD2 agonist. These receptors roadulate intracellular downstream
signaling cascadesuch as NF6 b noteogenactivated protein kinaseMAPK) pathways and
regulate the expression of certain genes by aatiyaeveral transcription factdis23]. The cells

also showed highe8PDEFand MUC2 mRNA levels after being treated witii. murisESPs
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(Figure 25D, E). However, treatment with TLR2 antagst andT. murisESPs simultaneously
showeda significantlylower expression c8PDEF(Figure 25D, E). Expression oMUC2 was
alsoseento be depleteth the cells aftetreatment witiNOD2 and TLR2 antagonists along with
T. murisESPscompared to onlyf. murisESPs treatment gropigure 25D, E). These data may
suggest thal. murisESPs can directly stimulate the genetic expressidBRIDEFand MUC?2
through NOD/TLR receptomediatedpathway in human colonic cell line LS174TOn the
contrary, the protein expression of SPDEF and MUC2 observed via Westernflgpiia 26 A-

D did not show any significant changes ptsatment with NOD/TLR agonist$, murisESPs or
antagonists, which wasne of thelimitations of this study that hdseen discussed in the next

chapter.
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Figabe Effect of NOD/TLR signaling on r
in LS174T cells treated fwirt hNCD 1lc o mMtODa2l,
receptor s, T. muris ESPs and antagoni st

wi Th muris ESPs

(A) Graphical I mage of LS17 4l d e lpllaatoeut
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against NOD1, NOD2, TL RR2muarii &GRS LniRM4l traenestop
MRNA expr B)ISPDEir a@MUC2s sessed thhye IfdBtl RBtte ke k
wi tchomt r ol reagent andThBa@nastdsTELEB4| HOD&
expressiSoPDEcFfandMN)CZEZ9 sessed by gPCR in tt

wi adontrolT.r endtigdirsst and antagoni sts again

receptor snwS8Hstsr mdl t ehuman 18s. Dat-SEM
*p<0.05 is considered as statistically
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FigaéeEffect of NOD/TLR signaling on SP
treated wrehgaentontagohi sts for NOD1, NO

ESPs and antagonists against NODI1, NOD?2

Western blot images and quanti ficatidor f¢
setsda) first set with a control reagent a
(B) second set Wit hBuSH ss oanntdr oaln traegaogneinstt,s
and TLR4 r dce plu®Hss; wWWet shtgeersn abnldo tq uiammat i f i ¢
in LS174T cell s tr(€atfeidr sith s2etdiwiftehr eant c «
NOD1, NOD2, TLR2 ab)d sTddaln d exetp twidtsh nmgIS B
and antagoni st NODRagi MMdtR2N@Dd T.L RMuSHPs € @

represent edE M,s *npe<aOn.+0/5 i s considered as



MSc

SPDEF
(~37kDa)

B-actin
(~42 kDa)

SPDEF
(~37 kDa)

B-actin
(~42 kDa)

ThZa siTs Hai der ;

NOD2  TLR2 TLR4
Agonist  Agonist  Agonist

NOD1
Control  Agonist

-

T Muris  T-Muris 1. Muris T. Muris

T, Muris EsP+ NOD] ESPENOD2 ESP+TLR2.  ESP TLR4

Control  pep antagonist antagonist antagonist antagonist

wwwwwy

MicMveadsi Scearke nUcne sv e r s i

SPDEF/beta-actin
Fold change over control

2.5+

2.0+

1.5

1.04

SPDEF/beta-actin
Fold change over control

ty
1.5
*
1.0+ | | A4
v
0.54
0.0- T T
5 X A& x Y
‘b‘_g 06{0 g (‘@ o&"o § Q\CJ
\,‘Q @Q 'DQ rbg @Q
SN &
‘\0 60 "\ R
LS174T cell
(o]
v *
] A
l ‘ \ - o
1 1 1
S Q iy o S o
& 9 @ g @ @
> 00 o@ 0‘\ N

A N & 3 &
& & F &S
x‘\ x‘\ 6_," X
F &8
’\‘& «@ A4
LS174T cell



MSc TihzZzsiTs Hai der ; MicMadsi Sceark nucneisv er si t y

C =159
4
c5 v
B0
5 g 101 Ed
£3
1]
a0
§ 2
O m 0.5+
NOD1  NOD2 TIR2 TLR4 g S
Control  Agonist Agonist  Agonist Agonist ko]
[
Muez = WY ! % 0.0 .
(~250 kDa) . e RS & & & &
Bk anll o b ¢ & & & & &
&
- ¢ 8 L f& 8
B-actin ———— e Fo O
(42 kDa) D I A A ¢
- 34 LS174T cell
.

T.Muris  T.Muris  T.Muris T Muris
T. Muris £SP+ NOD1 ESP+NOD2 ESP+TLR2 ESP+ T|J?4
ESP  antagonist antagonist antagonist aNtagonist

Control

MUC2
(~250 kDa)

MUC2/beta-actin
Fold change over control

B-actin
(~42 kDa)

LS174T cell



MSc TihzZzsiTs Hai der ; MicMadsi Sceark nucneisv er si t y

Chapter 5: Discussion

Goblet cells and the setested muoivnsli pmlgay ninmp
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trapping the worms and their expulsion throug

Consi stent with these studies, we have witnes
cells and hi ¢Shpedaenfdwxoi2nesd isd ra ndfP D B/Anli Rf/ecl)| owi ng
acute i nflec nato ndsawi t 1h4c campda 1IRRD BEG eT.he resi st ant
start expelling the worms from day 14 and by
was one of the reasons for selecting two dif:

SPDEB known to besame pdfi otnh & treajoarsrinreagral ad i infy
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proliferation and matur attihcen |oafc ki motfe swh inah o
depl eti on ofsegcorbelteetd cneuclisnsandl n relation to th
di fferenS®DEEtNBPDEMI ce in terms of number of
Muc2+ cells, along with the®SeOEEIiicce,e xhporweesvseiro,
have witnessed | ower mRNA and protein expressi
of Muc2 remained high. This could suggest tha

Muc2 expressi avini cdublged bsiteutd irceedl dfescsre afr wcthu

I n a pr eMueFsntsstéwodwyeed ayed wor m eaxemelraaitrdonbgu ets p
TH2 responsel.dunuirhegdthhiearmb sMuncchgaeco € i n miace al s
del ayed =effect on worm expul siadan ispamdbhes p:
brasi|] 2.8AH sios hi gheMuebwmese sosbiscerr veefd i n C57BL/ 6
ti me or woff2Hewpuksjoaur data did noMuscshaw an
afiaf ecti on S®MDE RbnstPVDEdAn c e Mu ¢ 5oatc tiyspincal |y exp
the colon and it has a negative effect on wor
mechani sm which | p52.8ldte ©enéei expbawkegedound oaft
experiwaesntBsSALB/ ¢ and MbhebSweosp rneostsipornevafousl|l y ac
particular genotype, which might Tohemsaghstochetae

topic for fedtuwr dvestrtduadldi¢lsi tcyhmm nagers experi ment s.

The resistace and susceptibty of mice to T. murisare influenced by a variety of factors, which
include the genetic background and gender of the mice, the infective dose of the antigen and
variousisolates of the parasite itself that can modutatierentimmune responsds1]. Worm
expulsion is primarily associated with TH1 and TH2 immune responses, where TH2 response has

been seen to modulate complete wexpulsion from the gut in resistant mice and TH1 response
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helps in development of chronic infection by harboring the worms in the susceptible strains or by
delaying their expulsiofbl1] [124]. The susceptible strains of mice produce a high amount of TH1
cytokines such as IFN , -12, IL-18 and IgG2a antibody that help in prolonging inflammatory
responses in mice resuly in organ damage from chronicity of infection. Neutralization of-tFN

by administration of antilFN-2-Ab was seen to promote resistant phenotype even in susceptible
mice [93] [94] [95] [99]. Resistance td@. murisis seento be stronglyassociated with TH2
cytokines such as #4, IL-5, IL-9, IL-13, and production of Ig&and IgEantibodes under the
control of IL-4 and I1L-13. IL-4 and 1-:13 areconsidered as major cytokines involved in the process
of worm expulsion antoth IL-4 and IL-13 KO micehave shown susceptibilitg T. muris where
administration of any of these cytokiness restoretheir resistancgr6] [99] [125].

The mechanissiby which IL-4 and 1-:13 regulateincreased expression of SPDEF, goblet cell
hyperplasia and mucin secretiamclude STAT-6 pathwag. However, there are other pathways
independent of STA®B that might also be responsible in the process, which include MAPK or
PI3K pathwayq77] [78] [126]. With regard tothese facts, our results have showoreased
production of I1-4 and IL-:13 in SPDEF’* mice at day 14.i. compared t&PDEF" mice, which
weresignificantlyreducedatday 21. TheSPDEF" mice, on the other hand, showed a significant
increase inlL-4 and 1l-13 levelsfrom day 14 to day 21 p,icompared t&SPDEF’* mice. The
absence of SPDEF and decethsnucin secretion from goblet cells might suggest delayed
expulsion of worms iNSPDEF- mice with increased TH2 cytokine levels at day [2i.
Interestingly, inSPDEF"mice, we observetligher presence of wornas day 21 p.icompared to

that on day 4 p.i.. This may be due to delayed impairedworm hatchingand poor larval

developmenin the SPDEF" micedue to downregulated mucin secretidfurther assessments on
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the worm hatching at earlier timepoints of infection are warranted to understand the underlying
mechanisms.

Acute T. murisinfection in BALB/c mice is associated with upregulation of Atbhleading to
hyperproliferation of goblet cellR6]. Consistent with this study, we also observed increased
mRNA expression oftoh-1in SPDEF"* andSPDEF"mice after infection. Our experiments did

not show any significant difference bfcateninexpression after infection in both groups. As the
major intracellular signal transducer and effector protein of Wnc a n o n i c-aatenirchass c ad e,
many different functionswhich include maintaining cellular integrity at the adherens junction
linked with Ecadherins and other catenin proteins, and regulgtmtyanscription of a variety of
genedq127]. This data may suggest that murisshowseffects on theignalingcascadeénvolved

in differentiationcatenin. | SCs, downstream of D
There are more than 1000 different species of bacteria in the gut along with virusestexnobpr

which form a complex environment inside our body. Numerically, the bacterith@most
abundant in the Gl tract, most of which are anaerobes that perform a variety of functions associated
with host metabolism, immune system developmbost behaor, limiting pathogen invasion

and so on[128]. The symbiotic relationshipetweenhost and guimicrobiomeis subject to
alteration by various factors’isc h as host 6s age, gender and di e
of the host, antibiotic usage, infective and inflammatory conditions, presence of autoimmune
diseasesetc; which can lead to development cifironic inflammatory diseasesich asiBD,

diabets, and allergy [33]. As discussed in chapter the changes in gut microbiotnd the
interaction betweaeparasits and host microbial environmehnave been widely studied in relation

to many enteric parasitic infections both in humans and rMoeeover, changes in the mucus

following parasitic infection can lead to microbial change, which has also been disdassed.
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previous studies, chroniE. murisinfection in resistant mice was seen to alter the gut microbial
composition by reducing the phylum Bacteroidetes and incredisenigactobacillaceagamily

[109]. Decr-dasgseds iUt y a rigersitylware gbsesd in relatidn to chronic
infectionwhich were apparent between 14 and 28 dalysough acute infection did not show any
significant changesn diversity, it has shown increased abundanceCidstridia strains that
inhibited Bacteroides vulgatusolonizaion in mice[63] [109][110] [129].

The changes in microbiota have beeore broadly studieth regard to chroni@. murisinfection
possibly for the reason that humans usually suffer from chronic infectiomwitichiura and the
prolonged infective timeline in mice during chronic infection is more representative of microbial
changes that happen in humans Witlrichiurainfection. The duration of infection also plays an
important role in changing the microbial community to a greater extent than it does in acute
infection. Furthermore, during chronic infection, the pathological changes in the intestinal
epithelium are more pronounced, that may lead to changes in the microbial community.
Considering all these facts and speculationsywestigated the changes in microbiafranunity

in SPDEF"* and SPDEF" mice at different timepointsThere were no observable significant
changes in relative abundance on genus level between the 2 groups of mice, eBagpefordes
andAlistipes Both of them belong tBacteroidetes phyha, which is one of the most abundant
phyla present irthe mammaliangut. SPDEF’* mice showed higher abundance Alistipes
species, whereaS8PDEF" mice showed higher abundanceBxcteroides Abundance data on
phylum level showed a relatively higher alolance of Campylobacterota and decreased abundance
of Bacteroidetes iSPDEF’* mice compared to other timepoints in the same groupceBiDEF
l~group Variations inU  a sdigersity were also significamatt day 14 p.i. betweeBPDEF'* and

SPDEF" mice. We further analyzed theicrobiotaseparately in both groupshich hasshown
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t h adiverdity hasdecreased significantly iSBPDEF"* mice at day 21 after infection, while it
happened at day 14 BPDEF" mice withhigherabundancef BacteroidetesA possible reason

for showing changes in microbial community at day 14 could be that in resistant mice, day 14 p.i.
is considered athe peak timepoint of infection when changes in goblet cell markers and TH2
cytokine leveldecomenotablecompared taininfected stagelhe mice also start expelling worms
from their gut from this period of time, whichight suggesthat day 14.i. is a critical period for
SPDEF* mice to show more variations in diversitycontrast t&SPDEF"mice. The absence of
SPDEFhas effect on the mucus witthower goblet cell differentiatiorandless mucin secreto
Themucin property bears effect on bacterial adhesyhemucus which couldalsoexplain the
microbial differences between the2 groups. However, since the timeline of acute infection is
significantly shorter than chronic, might be a reason why no significant visible changes were
observed in several bacterial genera betwbese groupslt is important to note here that a
number of vamables can also contribute tocontrasting results obtained from targeted 16s
sequencing which include housing conditajrthe mice diet, age, gendgbody weighand so on.

GF mice models areonsidered athegold standard in gaining insight into the gsitemicrobiota
interaction and are being used in many studies. However, since microbial exposure is fully blocked
in GF mice since birtwvhich grossly impairs their immune system development, studying the role
of microbiota in regulating cellular functie and signaling pathways becomes difficulthe
context of parasitic infection. Therefore, antibietieated or ABX micecome into play. Broad
spectrum antibiotics can be applied to mice regardless of any genotypphgsidlogical
condition, which carblock some specific microbes in a specific organ without impairing gross
microbial environment in the body. We haassessedhe changes in SPDEF and mucin in

antibiotictreated mice after naive arid murisalteredcecal microbiota transplant where we
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observed higher number of goblet cells and increased expression of SPDEF and Muc2 in ABX
mice afterT. murisaltered microbiota transplambmpared tonaive microbiota transplant.
muris-microbiota interaction generates downstream signaling cascadasng changes in
expression ofgoblet cell markers in contrast to naive microbiota. The microbial composition and
diversity analysishowedc h a n g edwersityrbetvideen naive arfld murisaltered microbiota,
although no significant difference was observed-divirsity between the 2 groupSur lab has
shown that antibiotic treatment in C57BL/6 mice resulted in diminished abundance of Gram
negative bacteria and increased relative abundance of-@oaitive bacterig103], which was
contradictory to the changes we observed in ABX mice on BALB/c background. We have
observed a higher abundance of GiositiveEnterococcusand decreased abundance obapte

of Gramnegative bacteria such @distipes, Bacteroides, Helicobactewhich showed their
presencefollowing naive andT. murisaltered microbiota transplant. Between the transplant
groups, higher abundance of Campylobacterota was observed afemmaiobiota transplant,
which showedno visible abundance in mice aft€r murisaltered microbiotaransplant The
microbial communityis unique to individua and variation in microbiotais subject to many
different factorswhich includethe genetic dckground and associated phenotypic changes in
mice, colonization period of microbiota amdher environmental conditions, so it is important to
keep the variability in check as much as possible.

Both naive and’. murisaltered microbiota were collected from the cecal sampl&®BEF"* or

WT mice, as discussed in chapteO&ir lab has shown the absence of wormB.imurisinfected
C57BL/6 mice after day 3%unpublished datagnd hence,hie cecal content for thaltered
microbiotaby T. muriswas collected afteday 35 p.i. to exclude the possibility of transferring

worms from the cecum to the antibictreated mice. However, the microbial community after
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complete worm expulsion might show differences with tharoainity that is being altered when

the worms are still persisting in the gut. This could lead us to do future experiments miths
altered microbiota while the worms are still present. Moreover, microbiota transplant from
SPDEF mice into antibiotietreated mice can also be conducted in the future to see if the
expression of SPDEF in ABX mice after microbiota transplant B®BDEF mice has any notable
difference fromSPDEF’* mice.

Goblet cells in the intestirexpressseveralpattern recognitionaceptorsvhich help in microbial
recognition, binding and generation of subsequent downstream intracellular cascade that provide
immunity to the host. As discussed in chapter 1 and chapter 4: sectionddh study has shown
thattreatment with NOD1 ahNOD2 agonistproduced more Muc2 mucin from goblet cetis

mice with acuteT. murisinfection, which wasalso consistent with previous studies done in this
context where NOD2 was seen to play an important role in epithelial cell respohsentwis

[106]. In human colon cell line, NOD1 and NOD2 agonists increased the expression of MUC2
mucin[107]. The sentinel goblet cells of colonic tissue in multiple mouse strains showed that TLRs
in goblet cells activateNLRP-6 inflammasomeanmediated signaling cascade and Myb88
dependent ROS synthesighich can inducdranscription oeveral genes including Mu¢230].

TLR4 wasalsoseen to inhibit Notcimediated signaling whichesulted inincreased goblet cell
differentiation in miceg[131]. In relation to the effect of. muriSESPs ornTLRs, a study from our

lab showedthat treatment with ESPs in BON cells had direct effect on increased TLR2
expression[103]. T. muris ESPs have several immunomodulatory functions and they are
considered as therapeutic candidates for inflammatory diseases like IBD and multiple sclerosis
[69] [136] [133]. Considering the evidence from previous studies, we investigated whiether

muriscan modulate changes in SPDEF and MUC2 through NOD/TLR signalLS174T cells.
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We observed that although there was no difference in protein expression of those markers, their
MRNA expression was upregulated with NOD2, TLR2 and TLR4 agonists, which was inhibited
after treatment with NOD2 and TLR2 antagonists alitg T. murisSESPs suggesting the effect

of T. murison the genetic expression of goblet cell markers through NOD/TLR recephas.
variable result in their protein expression can happen due to several reaguol include
pathways involvingposttranslational modification or anything related to the experiment self
antibody sensitivitythat may have affected the quantification of protein levels, which can be
investigated in future.

In conclusion, the study &PDEFmediated transcriptioprogramn T. murisinfectionwill reveal
important interactions amongarasits, microbiotaand goblet cells in the gut and enhance our
understanding of the crosstalk between resident microbiota and invading intestinal parasite in the
context of innate dense.Besides, there are oth@anscription factorghat regulate cellate
differentiation of secretory progenitors into intestinal goblet cedisch asgrowth factor
independenti (Gfil) and Kruppelike factor4 (KLF4), which could be studied in futelin this
regard[134] [135]. In turn, this datdrom our researcimay be extrapolated tdé study ofT.
trichiura infection in humans,dth in basic and clinical research settings. These findings may also
facilitate the development of novel strategies in modulating SPDEF expression in relation to Gl
disorders suchas colorectal cancer, inflamatory bowel disease or cystic fibrosis, that are

associated with goblet cell pathology and dysregulated mucin secretion.
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