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Abstract

The Effects of Surface Layer Proteins $olated from Clostridium difficile on TLR4
signalling- Kathy F. Kennedy M.Sc.

Clostridium difficile (C. difficile) is a grampositive, sporeforming, pathogenic
bacterium that results in a range of gastrointestinal diseases. The incidefice of
difficile infection (CDI) has increased dramatically and has a significant impact on
healthcare settings worldwide. The severity of disease neayddpendent on the
ribotype (RT) ofC. difficile presentPrevious research from our laboratory has shown
that Surface Layer Proteins (SLPs) from RT @@livate Tollike receptor 4 (TLR4),

with subsequent activation of downstream signalling pathways krovibe important

in the clearance of CDI. In this study we demonstrate that SLPs from RT 001 fail to
activate IRF3 signalling, while SLPs from RT 027 activate both arms of the TLR4
pathway. Evidence from the literature suggests that microRNAs (miRNAs)ytig
regulate TLR4s i gnal l ing and have a role inoorch
infection. The profile ofmiRNAs regulatedn response to SLPs fro@. difficile has not

been profiled beforeSubsequently we identified novel miRNAsgulatedin response

to LPS, SLPs from RT 001 and RT 027 vitro. We found 24 miRNAs were
differentially regulated between SLPs irspense to RT 001 and RT 03ard here was

a global down regulation of miRNAs in response to SLPs from &RT These miRNAs

may modulée TLR4 signallingData from colonic tissue, frormnin vivo murine model

show mR-146a, miR145, miR155 and lef/fe mayhave arole n r egul ati ng
immune response during early and late staBé The absence of miRNA®ggulaed in
responseto R 027 may correlate to | ess effici
responseand more persistent infection. The miRNAe predicted to target essential

cell processes and the impact of the modulation of the immune responseséy the
mMiRNAs may lead to biogically relevant changes at the cell levieurtherwork is

needed to fully elucidate the complexities of these miRNAs in relation to the networks
they modulate The effectiveness of current treatmeistémited by a lack of response

in some patients anhigh recurrence rates. The data generated in this study may be used
to develop miRNA based therapy for the treatment of persistental@®ding bacterial

cl earance by the hostds i mmune system wi
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Chapter 1: General Introduction



1.1 Clostridium difficile

Clostridium difficile C. difficile) is a grampositive, spordorming, rodshaped
anaerobic bacterium that causes a range of gastrointestinal diseases known as
Clostridium difficileInfection (CDI) (Bartlett, 1994; Fagan et al., 2009; Kachrimanidou

& Malisiovas, 2011) It is the leading cause of antibiotssociated diarrhoea
worldwide (Dawson, Valiente, & Wren, 2009; Dubberke, 201@R) difficile can only
colonise the gut if thearmal intestinal microbiota is disturbed or absent, in most cases
this is achievedby the administration of antibioticéCalabi, Calabi, Phillips, &
Fairweather, 2002; Denéve, Janoir, Poilane, Fantinato, & Collignon, 2009; Rupnik,
Wilcox, & Gerding, 2009) T h e bacteri umods ability +to
antibiotics in recent years has enabled its rapid spread among péReptsk et al.,

2009) Antibiotic treatment diminishes commensal miorganisms in the gut and their
ability to medate innate immune responsaad this enables the proliferation of the
often antibiotic resistant. difficile (Buffie & Pamer, 2013)The bacterium can then
dominate the mucosal surfaces and destroy cellular barriers through toxin mediated
destuction of the epithelial cells, leading &poptosisandcell death(Buffie & Pamer,

2013; Deneve et al., 2009)

C. difficile is potentially a vey serious condition frequentlyffecting hospitalised
patients and in particular the elde(Busiello et al., 2006)However not all infectiors
resultin diseasgoutcomesrange from asymptomaticolonisation to mild diarrhoea
More serious disease symptoms inclatbelominal pain, fevesind leukocytosisSevere
manifestation®f the disease are characteddy inflammatory lesionseeFigure 1.11
and the formationof pseudemembranes in the colowhich can lead tobowel
perforation, sepsishock and dath. The severity of disease mayoals®e dependent on
the strain ofC. difficile present(Goorhuis et al., 2007; Rupnik et al., 2008)nce its
confirmation as a pathogen in 19@7arson, 1978)C. difficile has been one of the most
intensively typed pathogeriPawson et al., 2009)'he moswidely acceptednethod is
polymerase chain reaction (PCRbotyping, where more than 100 distinguishable
groups have been identified based on mutations in the 16S andb®38mal RNA
(rRNA) intergenic spacer regiofsDaws on et al ., 2009; Stu
Duerden, 1999)A study carried out by Ntidhin et al. (2006) sequenced tispAgene



and flankingdeoxyribonucleic acigDNA) from C. difficile isolated from patients in St
Jamesos Hospital, D-mbnthi period] The Imast drequentye r i
occurring ribotypes found in this study were 001, 012 and(RiEidhin, Ryan, Doyle,

Walsh, & Kelleher, 2006) There is much evidence to suggest t@atdifficile is

evolving to occupy niche hospital populations and there has been wapldwide

spread of ribotypes 027 and O{Bawson et al., 2009Ribotypes 027 and 078 are
known to be Ohypervirul entmbre seved didithoee b e
higher mortality and mre recurrenceg¢Clements, Magalhdes, Tatem, Paterson, &
Riley, 2010; Dawson et al., 2009; Goorhuis et al., 2007; Loo et al., .2005)

Figure 1.11 1 mage o f-l i6kemdns ds raaesult of the local inflammatory

effects ofC. difficile infection in the colorfRupnik, Wilcox and Gerding 2009)
1.1.1 Toxin Production

Treatment with broadpectrum antibiotics alters thietestinal microbioa and this
allows C. difficile to coloni® the colonif present After colonisation the bacterium
produce and release toxins. Toxin A (TcdA) encoded kigdA and Toxin B (TcdB)
encoded bycd, are the two main toxins released®@ydifficile. These toxinsrelocated

in a 19.6 kilobase (B) pathogenicity locus (PaLoc) together with three additidoal
open reading frames (ORF$3dC tcdD and tcdE (Braun, Hundsberger, Leukel,
Sauerborn, & Von Eichebtreiber, 1996; Dupuy, Govind, Antunes, & Matamouros,
2008; Hammond & Johnson, 1999)cdA and TcdB are composed of three domains,
the first beinga carboxyterminal domainwhich is responsible for binding to the host

cell membrangEichetstreiber, Sauerborn, & Kuramitsu, 1992he second domain



containsa hydrophobic centrevhich has been shown to be involved in translocation
across the cellular membra(fefeifer et al., 2003xnd finally the third domain contains

an amineterminal domain that enables glucosyltransfetasbe catalysedHofmann,
Busch, Just, Aktories, & Prepens, 1997; Jank, Giesemann, & Aktories, 2007; von
EichelStreiber, Boquet, Sauerborn, & Thelestam, 3996dA binds to the apical side

of the cell where it is endocytosed and a pore in the bmeme isformed seeFigure

1.12. This triggers the activation o$mall molecular weightguanine nucleotide
binding proteins(G-proteing, resulting in disruption of the cytoskelet(lReineke et al.,
2007)

Teda —©

Bacterlal cells TedB—C O
Pseudomembrane
(&)

Qo::) OOO 0©

Blood vessel

Figure 1.1.2 Image illustrating the destruction of the cellular barriers by TcdA and

TcdB release frong. difficile leading to the pathogenesis of QRupnik et al., 2009)

Disruption of the cytoskeleton leads to the loosening of tight junctions in the epithelial
barrier, enabling more toxins to cross the cell memb(&upnik et al., 2009)Cell
death ensuesand the dying cell producesmflammatory meditors that attract
neutrophis. TcdB binds to the basolateral cellembrane where it abn its cytosolic
targets the Guanosine fiphosphatasé€GTPasegof the Rho/Rac familyReineke et al.,
2007) TcdB induces the release of momamunomodulatory mediators resulting in
inflammation due to the accumulation of neutrophils, phagocgtes mast cells
(Rupnik et al., 2009)Ultimately this leads to intestinal inflammation and the onset of
the symptoms previously described. The m&joof toxigenic C. difficile strains ce
produceTcdA and TcdB (toxinotype A+B-yhile only a minority ofC. difficile strains
exclusively produce TcdB (toxingtp e A ifoBimsjance the hypervirulent ribotype
017 has a truncated ndanctional TcdAdue to a deletion in theedA gene(Voth &



Ballard, 2005) Approximately 6i 10% of C. difficile strains genete a binary actin
adenosine diphosphate [®) ribosylating toxin known &S. difficile transferase (CDT)
in addition to the other toxin®arth, Aktories, Popoff, & Stiles, 2004)

As mentioned earlier the PaLoc contains three additional ORFs, where sequencing and
transcription analysis suggest thetdC and TcdD are involved in the positive and
negative regulation of TcdA and TcdB expressigtammond & Johren, 1995;
Hundsberger et al., 1997)he TcdC region of ribotype 027 contains an 18 base pair
(bp) deletion and it is thought that this modification may lead to an altered function of
the proteincontributing to thehigh level of toxin expression, in catguence causing

ri botype 027 t (Spidagia &Magtrareonia, 2002iMdweverta dariety

of deletions have been obsedvan nonvirulent strains therefore deletions may not
alwaysresult in the loss of functionntreased virulence is not solely due to toxin
production(Drudy et al., 2004)While the toxins ofC. difficile are clearly of great

importance in the study of its pathogenesis, other virulence factors cannot be ignored.
1.1.2 Clostridium difficileSpores and Germination

C. difficile is extraordinary as it is highly transmissible between dnsnthis is key to

its survival and persistend®eakin et al., 2012)The main mode of transmission of
CDI is through the ingestion df. difficile spores, although the timing and signals
triggered to initiate germination following ingestion are not well wsied (Jump,

Pultz, & Donskey, 2007)Signals that prompE. difficile sporulationin vivo or in vitro

have not been identified, but they could be related to environmental stimuli such as
nutrient stavation, quorum sensing and other unidentified stress factors, as seen with
other spore forming bacter(@liggins & Dworkin, 2012) Unlike most pathogens;.
difficile produces a metabolically dormant spore that is excreted by infected patients
(Lawley, Clare, et al., 2009)infective spores persist in the environment and are
resistant to a wide range of physical and chemical stressmgding environmental
oxygen and the acidic environment of the stom@drison et al., 2015; Pared8abja,

Shen, & Sorg, 2014)The spores can remaon environmental surfaces for many
months as they are highly resistant to commonly used disinfe¢tantset al., 1981;

ParedesSabja et al., 2014 he sporesurface iscovered by an additi@al surface layer



called the exosporiumPizarreGuajardo et al., 2014)The morphology of the
exosmrium is dependent on the ribotypeC. difficile, some ribotypebave a compact
exosporium on the surface of the spore while ativave exosporium layers which
resemble haitike projections(Joshi, Phillips, Williams, Alyousef, & Baillie, 2012;
ParedesSabja et al., 2014)Although the roles of the exosporiumm CDI and
pathogenesiare unclear, recent reports have shown that the exosporium interacts with
unidentified surface receptors on intestinal epithelium c@fiaredesSabja, Cofre
Araneda, BriteSilva, PizarreGuajardo, & Sarker, 2012)

In other bacterial speciespore germinationis induced when specifigerminant
receptors GR9 sense the presence ofesfes specific small molecule germinants
(ParedesSabja et al., 2014)rhebinding ofthe germinans to GRs triggers the release

of monovalent cations aritie spore core stored dipicolinc acid (DPA), which in turn
activatescortex hydrolasesCortex hydrolasedegrade theeptidoglycan (PG) cortex
layer whichallowsthe coreto hydrate and metabolism can resuiparedesSabja et al.,
2014) C. difficile is unique, as it does not contain orthologs of the GerA family of GRs
and it appears that commonly conserved germination and sporulation elements are
differentially regulated in C. difficile compared to other speferming bacteria
(ParedesSabja et al., 2012)C. difficile spores germinate in response Ltgglycine,
which acts as a egerminant to specific bile salts such as Cholate and its derivatives
Taurocholate, Glycocholate and Deoxychol¢derg & Sonenshein, 2008; Wheeldon,
Worthington, & Lambert, 2011)The main compoents of the spore germination
machiney of C. difficile have been identifiedout further research isieeded to define

the exactsignalling pathway elicitedduring germinationStudies have shown that the
germination frequency ahe hypervirulent ribotype 027 is different to that of a non
epdemic C. difficile strain (Burns, Heap, & Minton, 2010bAs spores represent the
infectious stage of€. difficile, diversity in the germination characteristics of particular
types mayalsocontribute tothe observedlifferences in disease sever(§urns, Heap,

& Minton, 2010a)



1.1.3 Surface Layer Proteins

Calabiet al. (2002) found that thsurface layer% layen proteins play the biggest role

in the binding ofC. difficile to the hosh s ga st r oitnad a&lewing maetdrial ( G1 )
adherence to the mucosa and the delivery of tof@adabi et al., 2002)C. difficile
expresss a crystallineS-layer encoded by thesIpA gene, the product of which is
cleaved to give two mature peptides @hiassociate to form laye(dusiello et &,

2006; Ni Eidhin et al., 2006)Theselayers arecommonly known as Surface Layer
Proteins (SLPs) and afeund on the outer surface €. difficile, facilitating interaction

with the host enteric celld&agan et al., 20095LPs have been previously described as
virulence factors foAeromonas salmocida (Sara & Sleytr, 2000qnd Campylobacter
fetus(GrogoneThomas, Dworkin, Blaser, & Newell, 200@Gnd as bacteriadhesions

in Lactobacillus acidophilugSchneitz, Nuotio, & Lounatma, 1993)

In most bacterial species thel&er is composed of one major protein, which is
modified by glycosylabn (Sara & Sleytr, 2000)HoweverC. difficile is unique in that a
single gene encodes two SLPs which are derived fromtraostlational cleavage of a
single precursoslpA gene(Fagan et al., 2009)he sIpA precursor protein contains a
signal peptide that is 26 amino acids in length and it directs translocation across the cell
membrane, after which cleavage occurs producing the mature (SlaRabi et al., 2001;
Karjalainen et al., 2001MatureSLPs contain a high molecular weight (HMW) protein
(42 kDa) derived from the @erminal portion of the precurs@and a low molecular
weight (LMW) partner proteir32i 38 kDa)derived from the Neminal portion of the
precursor(Ni Eidhin et al., 2006)Fagaret al. (2009) were the first toodve the crystal
structure of SLP from a bacterial pathogen, they solved the structure of a LMW protein
from C. difficile ribotype 012 and this provided an insight into the architecture of SLPs.

The HMW and LMW proteinswere found toform a tightly assocted noncovalent
complex Deletion analysis of the LMW protein demonstrated that theer@inal
residues are necessary for interaction with the HMW protein to form the HMW/LMW
complex. The crystal structure of the LMW protein also revealed it had two dgmai
seeFigure 1.1.3. Domain 1 adopts a twlayer sandwich architecture and domain 2

displays a novel protein fold which has not yet been classfffadgan et al., 2009)



HMW proteins contaifPfam(PF04122) which are cell wall binding motifs and tlaeg
predicted tanmediate interactions with the underlying cell walhere theHMW protein
can attach to the cell wadnd actas an anchor to display the LM{&alabi et al., 2002;
Fagan et al.2009; Karjalainen et al., 2001Yore recentlyit has been shown that the
LMW protein has a role in adherence to the host ¢dlisrrigan et al., 2013)it was
previously thought that the HMW protein bound to the gastrointéstissues and

extracellular matrix (ECM) exclusivelfCalabi et al., 2002)

Cell wall
Interaction domain

Ny |
\.\ » : 7 . Domain 1

Figure 1.1.3 3D model of the proposed structure and orientation of the HMW and
LMW SLPs on the surface &. difficile (Fagan et al., 2009)

HMW proteins are highly conservedcrossstrains ofC. difficile, while the LMW
proteinsdemonstrates congdhable sequence diversity, ance tlatter have also been
shown to be the dominant antigérudy et al., 2004; Ni Eidhin et al., 2006; Sharp &
Poxton, 1988)LMW proteinon the outmospart of the bacteria maye exposed to the
host immune systenGiven thehigh sequece variability between strairend the fact
that diferent strains induce different disease outcqntes plausible that this protein
may be involved in masking the bacterirom the immune systertLynch 2014
unpublishefl High sequence variability may be a result of evolutionary selective
pressures exerted by the host immune response acting on the bacteria to avoid a host
response (Fagan et al. 2008)change in strcture or specific motifs ihMW proteins

may result in host immune cells no longer being able to resed. difficile as a
pathogen(Ausiello et al., 2006)Interestinglya recent study has shown atgntial role

for recombination inslpA between different strain@Dingle et al., 2013)Five main

clades ofC. difficile, along withtwelve stable variants of a 1IKb Slayer cassette,



containing slpA, weredentified. The twelve $ayer cassette variants unexpectedly
behaved as independent components of the genome, associating randomly with the five
cladesby horizontal genetic exchangkt was alseshown that isolates sharingné same

PCRribotype can carrynultiple distinct Slayer cassette®ingle et al., 2013)

1.1.4 Cell Wall Proteins

Pathogen attachment is a cruciatlgatep in mucosal infectiongéchiné, Janoir, &
Collignon, 2005) Cell wall proteins (CWPs) allow bacteria such @s difficile to
interact with the hosand they caralso facilitate adherencéEmerson efal., 2009)
CWPs are not the only means by which difficile can attach to the mucosa, other
adhesins such as the heat shock protein Gr@iabligora, Hennequin, Mullany, &
Bourlioux, 2001) the fibronectinbinding protein Fbp68(Hennequin, 2003) the
Flagellar cap proteins FIiD and the flagelfiC (Tasteyre, Barc, Collignon, Boureau,
& Karjalainen, 20Q) have been shown to play a role in the attachmeft afifficile to
the mucosa. HMW SLPs and all CWPs eachtaiorthree Pfanmotifs that appear to
mediate norcovalent binding to the underlying cell wétle b Riva, Willing, Tate, &
Fairweather, 2011)The majority of the CWPs have a second unique domain that
specify a particular functio(Emerson & Fairweather, 200¥wpV contains a domain
which allows for phasevariable proteinexpression(Emerson et al., 2009)while
Cwp66 functions as an adhesin whemetGterminal domain is eposed to the cell
surface it can also actas an anchor to the cell wall via thH-terminal domain
(Waligora et al., 2001)Cwp84 is a well characterised CWP that can degitaelbost
cell ECM (Waligora et al., 2001)it also has an important role in the cleavagé¢hef
immatureslpA into its HMW and LMW componentDang ¢ al., 2010) Inhibition of
this protease results in accumulation of immaslpé on the cell wH, which leads to a
decreasediability of the bacterium(Dang et al., 2010Mutatiors of thecwp84gene
were found to result in defective laalisation of other CWPs and Cwp84 is itself
regulated byCwpl3 (de la Riva et al.,, 2011)The high conservation of the SLP
cleavage site between strains dod variability of Cwp84 implies conserved process
of SLPs maturation(Dang et al., 2010)CWPs have essential roles in the pathogenesis

of C. difficile and are extremely important componeuitthe Slayer.



1.2 Immune Response tcClostridium difficile

The Gl tract is comprised of the small intestine, the large inteatseeknown as the
colon and the rectumShortly after birth,the Gl tractbecomes colonised byast
amounts of nofpathogeniccommensal bacterieollectively known as the microbigta
with the greatest number residing in the distal @itl et al., 2006) The microbiota
contribute to host nutrition and energy balaasethey can synthesise essential amino
acids and vitamins, they can also process produdtedfiet that are otherwise hard to
digest(Gill et al., 2006; Ley, Peterson, & Gordon, 2006; Littman & Pamer, 2041)
turn, the host provides the microbegh essential nutrients, ensuring their transmission
and retention witin the host specigittman & Pamer, 2011)Alongside the exposure
to these commensal bacteria tGé tractsis also exposed to a variety afminal
elements such as food/commensal bacteria and it must é¢oathiscriminate between
these norpathogenic elements amadtigens fronpathogenic organism®&nderdown &
Schiff, 1986) This is achieved by the interaction of the intestirgdithelium with
lymphoid cells n order to protect against infectidout at the same time avoid
unnecessary inflammatorysgonses to beneficial commensaixl food(Jung, Hugot,

& Barreau,2010)

The GutAssociated_ymphoid Tissue (GALT) consists of both isolated andj@gated
lymphoid folliclesand is one of the largest lymphoid organs, containing up to 70% of
t he bodyds (Neutray Mantsc&Kraerenbuhl, 2008ggregated lymphoid
follicles were originally described by Marco Aurelio Severino in 1645 in ltaly. They
wer e named Peyer 0s eiPdetaied descriptio? Bys the Savikst e r
pathologist Johann Conrad Peyer in 18Jing et al., 2010PPsare found in the small
intestine and isolated lymphoid follicleghich resemblé’Pscan be found in the colon
PPs arecomposedof aggregated lymphoid follicles surrounded by the folicle
associated epithelium (FAE), whictorms the interface betweethe GALT and the
luminal environmentThe FAE containspecialised cells named microfotells (M-
cells) (Miller, Zhang, KuolLee, Patel, & Chen, 2007Mhese Mcells transport luminal
antigens and bacteria towatite underlying immune cellshat activate or inhibit the
immune response leading to either tolerancgystemic immune cell respongdsing et

al., 2010) The role of these tissues is in immune surveillance and the inductibe of
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immune responseEffector sites of the intestine are the mucosal epithelium and
underlying lamina propria (LP). The LP contains various immune cells, including
macrophages, dendritic cel(®Cs), plasma cells, mast cellseutrophils, T and B
lymphocyteqDoe, 1989)

It is well known that antibiotic treatent diminishes commensal miorganisms in the

gut and their ability to mediate innate immune respo(Befie & Pamer, 2013)Once

the normal flora is disturbed ari@ difficile is present the bacterial sporewhich are

the infectious agengerminate and vegeta&wellsmultiply producing toxingFagan et

al., 2009; Rupnik et al.,, 2009; von Eict®&treiber et al., 1996)These toxins are
internali®ed into epitheliakels where they inhibit small moleculareight Gproteins,
resulting in disruption of the cytoskeleton, apoptasig cell deatl{Buffie & Pamer,
2013; Denéve et al., 2009; Just & Gerhard, 2004¢ presence dE. difficile in the gut
induces an acute inflammatorgsponse and severe damage to the intestinal epithelium
(Dawson et al., 20095LPs ardound on the outer surfaca €. difficile and facilitate

the interaction with the host enteric ce{lsagan et al., 20095LPs can induce the
production ofpro-inflammatory cytokines in immune cells such as DCs, monocytes and
macrophagé€Ausiello et al., 2006; Bianco et al., 2011; Calabi et al., 2002; Collins et al.,
2014; Madan & Petri Jr, 2012; Ryan et al., 2011; Vohra & Poxton, 2@GLBs have
been shown to elicit an immune response and thay have a role during infection
(Drudy et al., 2004; Péchiné et al., 2005)

1.2.1 SLPs Activate Macrophage and Induce Bacterlab@nce

Research from oudaboratory has shown that SLP$rom C. difficile activate
macrophages and indubacterialclearance responseSLPs from ribotype 001 induce
pro-inflammatory cytokines such as Interleukin @) IL-12040 and tumour necrosis
factor alpha (TNFU) amacrepbagd inflarsnatenhpeoteia X i n e
alpha(MIP-2) andmonocytechemeattractant protedl (MCP-1). Co-stimulatorycell

surface marker expression of CD40, CD14 anahajor histocompatibily complex

(MHC) Class Il were also increasedas well as the rate of phagocytosis when
macr@hages were stimulated with these SLE®llins et al., 2014) The highest

numbers ofntestinal macrophagese found in the colon, whidk the largest reservoir
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of macrophages in theoly (Lee, Starkey, & Gordon, B®). Intestinal macrophage
express lower levels afo-stimulatory molecules CD80, CD86 and CDetfimpared to
their inflammatory macrophage counterpar(Rogler et al.,, 1998 Intestinal
macrophage appear not te besponsive to many Tellike Receptor (TLRgligands,
however they can express TLRs at a messenger RNA (mRNA) and protei(Skewvel
et al., 2011) They can al so secrete high | e v e
inflammatoly response(Bain et al., 2013) Intestinal macrophages awapable of
phagocytosingpathogens that display bagt antigens(Smith et al., 2011)When
intestinal macrophagare depleted there is an increase in inflammgt@umlls, Kaplan,
Rooijen, & Cohen, 2006)Iit is now thought that thability of SLPs to induce cell
surface marker expressiamdinducecytokine produgbn comes into effect when nen

intestinal macrophages are mgited to the site of infectiofCollins et al., 2014)

1.2.2 SLPs Induce the Maturation of Dendritiels

SLPs fromC. difficile induce the maturation of DCs by inducing the expressior-of ¢
stimulatorycell surfacemarkes: CD80, CD86 and MHCII, which leads to the induction

of pro-inflammatory cytokines such as-ILb  a 6 @Ausiello et al., 2006)Research

from our group also showeithat intact SLPscontaining both the HMW and LMW
proteins were required for DC activation and this subsequently generated T helper cells
required for bacterial clearance via Fblke Receptor 4 (TLR4)XRyan et al., 2011)

DCs along with macrophage$ay an important roléen immunity of theGl tract, where
populations of both ckl residein the LP behind a wall of protective epithelial cells
(lwasaki, 2007; Sato & Iwasaki, 2003)Csareknown asthe sentinels of the immune
systemand play an essential role deciding when to mount the appraidg immune
response by differentiating between invading pathogens and commensal bacteria
(Banchereau & Steinman, 1998)

Resident mucosal DCs sample the environmaamtintestinal M-cells present in the
epithelium of PPs: the antigen is taken from the lumand transcytoskto the
underlying DCs(Clark & Jepson, 2003; Coombes & Powrie, 200BLs can also
sample antigen directly by forming tight junction structuweth intestinal epithelial

cells and extending dendrites into the lunvemle preserving thepithelial barrier in
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the mean timg¢Rescigno et al., 2001This mechanism is active both with invasive and
norrinvasivebacteria and is regulated by the eegsion of CX3C chemokine receptor 1
(CX3CR1)(Niess et al., 2005)rhe number okpithelial dendrite is increased during
infection and requireMyeloid Differentiation primary response gene 84yD88)-
dependent signalling through TLRs functionefficiently (Rescigno et al., 2001Ypon
antigen uptake, intestinal DCs migrate to the mesenteric lymph ribtdés), where
they can ineract with naive T and Bells and display antiger{Sato & Iwasaki, 208).

In the absence of pathogens, mucosal DCs either ignore the aottigelice regulatory
responses,pon recognition opathogens that invade the mucosal barrier they mount a

robust protective immune respor(é@asaki, 2007)
1.3 Pattern Recognition Receptors

The firstcellularbarriers that pathogens face in the intestine are the intestinal epithelial
cells, theyform a monolayer between themen of the intestine and swpithelial tissue
where immune cells are locat¢éBeterson & Artis, 2014)Epithelial cells provide a
physical barrier, buthey can alsonteract withpathogengresent in the lumen of the

gut and tke underlying host immune cells throudtatern Recognition Bceptors
(PRRs) These receptors recognise repeating patteresrmdervednolecular structure

found on invading pathogernthat are not present in host cellaneway, 1989)These
paterns are collectively known as Pathogen Associated Molecular Patterns (PAMPS).
Some PRRs recognise PAMPs directly while othersgeise productgenerated by
PAMP recognition. There are three types of PPRs; Secreted proteins, transmembrane
receptors and intracellular receptafdledzhitov & Janeway, 1997)Of particular
interest aretransmembrane PPRs known as TLR#ich play an important role in
pathogerrecognitionand they have been extensively studiBldRs derived their name
based on homology to therosophila melanogastefoll protein (Ruslan Medzhitov,
Prestorhurlburt, & Janeway, 1997)TLRs are glycoprokins characteredd by an
extracellular or luminal ligand bindinglomain containing LeucinRich Repeas
(LRRs) motifs and a cytoplasmic signalling Tall£1 receptor homology (TIR) domain

( O6Nei || & . Bgandibmding ® 0URE jhrough PAMPLR interactions
induce receptor oligomeasion, which subsequently triggerstracellular signal

transduction(Mogensen, 2009)There are ten functional TLRs lumans and twelve
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known in mouseeach capable of recognising distinct PAM&=eFigure 1.31 (Kawai
& Akira, 2006; Mogensen, 2009)

Triacyl Imidazoquinolines '
lpopeptide dsRNA ssANA Flagellin

Diacyl CpGDNA Profilin-like protein
lipopeptide LPS Hemozoin Uropathogenic bacteria

TRt TLR2 TLR2 TLFIB TLR3 TLR4 TLR7/8 TLFIQ TLRs TLFI11

LLIRRIIY

Figure 1.31 Image showing TLRs and the patterns of microbial components they
recognisgKawai & Akira, 2006)

TLR1, TLR2, TLR4, TLR5 and TLR6 are present on the cell surface. TLR2sform
heterodimers with TLR1 and TLR6 to recognise bacterial lipogeptand lipoteichoic
acid from gram positive cell wall§Akira & Takeda, 2004) TLR4 recognises
lipopolysactaride (LPS) on the outer layer of gram negative bacf€ekeuchi et al.,
1999) TLR5 recognises flagellated bactefidayahi et al., 2001) TLR3 and TLR9
recognise PAMPs from intracellular pathogens. TLR3 recognises both single and
double stranded viraRibonucleic aid (RNA) (Alexopouloy Holt, Medzhitov, &
Flavell, 2001) while TLR9 recognisesnmethylated CpG from DNA viruséslemmi

et al., 2000) Nine human TLRs havbeen confirmed in epithelial cells of the small
intestineto date(Otte, Cario, & Podolsky, 2004The main TLR of interest in this thesis

is TLR4. Despite recognising LPS gram negative bacteria, TLR4 is the receptor
responsible for recognising SLPs and mountingramuneresponse tc. difficile. It

was also found that SLP from ribotype 001 can activate TLR4 signalling leading to th
activati on o lightechaicenharcer of facdivatedBr celldif-a Bthrough

the MyD 88-dependent signalling pathwayoWever SLPs failed to inducénterferon
Regulatory Factor 3IRF3) through the MyD8&dependent signalling pathwéRyan

et al., 2011)
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1.3.1 Toll-Like Receptor 4

TLR4 was the first mmmalian TLR to be discowed, it is expressed on the cell surface

of innate immune cells such as macrophages, DCs, mast cells and on the surface of B
lymphocytes(Gerondakis, @mont, & Banerjee, 2007)TLR4 detects LPS which is

one of the best studied components of bacteria that activates an immune response
(Ruslan Medzhitov et al., 1997)PS is an essential structuraingponent of the cell

wall of gram negative bacteria and consists of a core oligosaccharide, an O side chain
and a highly conserved lipid -Awhich serves as the PAMP that activates TLR4
(Viswanathan, Sharma, & Hecht, 200Qellular recognition of LPS requires several
different molecules including LPS Binding Protein (LBP), Cluster iffeBentiation 14
(CD14), Myeloid Dfferentiation préein 2 (MD-2) and TLR4. LBP is present in the
bloodstream and binds to LPS, it then transfers the LPS to the cell surface receptor
CD14 (Wright, Ramos, Tobias, Ulevitch, & Mathison, 199@)D14 is a glycoprotein
expressed primarily on: macrophages, DCs and neutrophils, which contain multiple
LRRs and are anchoretd the cell membrane through phosphatidylinositol linkage
(Haziot et al., 1988; Setoguchi et al., 198dD-2 is a small soluble protein that binds
noncovalently to TLR4 and is essential for the recognition of LPS by T(Sdmazu

et al., 1999) The interaction of the CD14/LPS complex with TLR4/MDcauses
receptor oligomerisation and initiates downstream algy (Alexander & Rietschel,

2001)

TLF24
e ﬁ \\
@& res O . @ > =
]
Earlhy - phase NF—xBE H Late- phase
H NF—x<B
b
1 /:/
i
I Inflammatory ocytokines I . lg;:e'\rljel‘)’b:,zgljgtcjsuc'b’e
MyDSS-dependent i MyDSS-independentt

response response

Figure 1.32 Two distinct signalling pathways are activated following activation of
TLR4, the MyD88dependent and MyD8®dependent signalling pathwgy¥kira &
Takeda, 2004)
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TLR4 isdistinctiveamong TLRs in that it activates two distinct signalling pathways see
Figure 1.32. The adaptor protein recruited to the receptor dictates itirealbng
pathway which ensues. TLR4 is also unique as it utilises all four TIR demain
containing adaptor proteins. The signalling pathways activated by TLR4 are classified
as the MyD88&ependent and MyD8®idependent signalling pathway@kira &
Takeda, 2004)It was originally thought that these signalling pathways were initiated
simultaneously following ligash recognition, however it was established that they are
initiated sequentially(Kagan et al., 2008)Recognition of LPS by TLR4 initiates
MyD88-dependensignalling and activabin of transcription factors e Band ARL.
MyD88 is recruited to the receptor at the plasma membrane with the hehe of
bridging adaptorMyD88 adaptoilike (Mal), which can also be known as TIRAP
(Yamamoto et al., 2002Yhe LPSTLR4 complex is internalised into early endosomal
structures in a process dependent on clatherin and the GTPase dfiHasghye et al.,
2006) Once the LPSLR4 complex is endocytosed, MyD&®pendent signalling is
abolished(Kagan et al., 208). TIR-domainrcontainhg adapteinducing interferorb
(TRIF) is subsequentlyecruited to the receptor with the helptbg bridging adaptor
TRIF-related adapter molecu{@ RAM) (Oshiumi et al., 2003Recruitment of TRIRs
dependent on endocytosis of the recepttiich leads to downstream activation of
members of the IRF faryi of transcription factors ahthe induction of Type | IFNs.
Internalisation of TLR4 brings iinto close proximity toTNF receptor associated 3
(TRAF3) and ancethey interact there idownstream activatiofKagan et al., 2008)
The LPSTLR4 complex is then trafficked to late endosomes or lysosomes for
degradation and loading of associated antigensNtHi€1l molecules for presentation

to helper T cell{Husebye et al., 2006\ctivation of TLR4 induces the expression of
co-stimulatory molecules anchnlead to thematuration ofDCswhich activate céd of

the adaptive immune systgBanchereau & Steinman, 1998)
1.3.1.1MyD88-Dependent Signallingd@hway

MyD88-dependent signalling is activated whetyD88 is recruited tadhe receptor at
the plasma membrane with the helptbé bridging adaptor MalYamamoto et al.,
2002) seeFigure 1.3.3. In addition to its TIR domain, MyD88 has ant&minal death

domain and upon recruitment it associates with members of {hR kssociated kinase
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(IRAK) family of protein kinases, through association of their death donfdfiesche,
Henzel, Shillinglaw, Li, & Cao, 1997)RAK4 is activated which in turn phosphorylates
and activates IRAK1 through residues in théekminal(Shyun Li, Strelow, Fontana, &
Wesche, 2009)After IRAK4 and IRAK1 have been sequentially phosphdedathey
dissociate from MyD88. In the mean timRAK2 becomesphosphorylated and
dissociates from the complex. IRAK1 and IRAK2 then interact with the downstream
adaptor, TNFreceptor associatedctor 6 (TRAF6)(Flannery & Bowie, 2010)TRAF6

is a RING domain containing E3 ubiquitin ligase and together with other molecules: E2
ubiquitin conjugating enzyme 13 (Ubc13) and ubiquitin cgafing enzyme E2 variant

1 isoform A (UevlA), it promotes lysine 63 (K63) linked polyubiquitin of target
proteinsindi di ng i tsel f an d(AddikanN Qu, & CherK 20p7Cleetn, a i n s
Bhatia, Chang, & Castrana, 2006) Ubiquitinated NEMO and TRAF6 recruit
transforming growth facteb-activated kinase 1 (TAK1) and its regulators: TAK1
binding protein 1 (TAB1), TAB2 and TAB3IAdhikari et al., 2007) Two furtrer
pathways are then activated, theogenactivated protein kinase (MAPK) pathwapd

also the inhibitorye B K i IKK) saenpléx

MAPKSs are a group of intracellular signal transducing enzymes that are phosphorylated
and activated by a MAPK kinase (MARR, which are phosphorylated and activated by

a MAPKK kinase (MAP3K). TAK1 is a MAP3K which can phosphorylate and activate
mitogenactivated protein kinase kinas€ KK3) and MKK6 (Moriguchi et al., 1996)

MAP3Ks consecutively phosphoate and activatthe cJun Nterminal kinase$JNK)

and p38 MAPK pathways. Activation of these MAPK pathwaysluges the
transcription factor Activatorrtein 1 (AR1). AP-1 cooperateswithF-e B t o r eg u |
gene expression. The | KK complex is made
along with a scaffolding protein NEMO which is essential for regulation and activation

of the complex(Chen et al., 2006; Rothwarf, Zandi, Natoli, & Karin, 1998)
Ubigui ti nated TAK1 phosphoryl at e fWahgkekah, and
200) NFFe B i n its natur al state associates \
| KK complex phosphoryl ates 1| 8B, they mal
degradation in the 26S proteasofiayden & Ghosh, 2004NFe B t hen bi nds
sites in the promoter regions of its target genes, including genes encodiRg pro

inflammatory cytokines and chemokines.
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1.3.1.2MyD88-Independent i§nalling Pathway

NF-a B a nXcanfaRo be activated by a MyDB®lependent pathway, involving the
TIR domain containingadaptor protein TRIF where TRAM acts as a bridging adaptor
between it and TLR4Oshiumi et al., 2003)TRIF interacts with Receptor Interacting
Protein 1 (RIP1) following recruitmerfMeylan et al., 2004)RIP1 interacts with the-C
terminal domain of TRIF and the-términal region contains TRAF6 binding motifs.
Poly-ubiquitination of RIP1 causestid form a complex with TRAF@nd TAK1(Taro
Kawai & Akira, 2007) As in MyD88dependent signalling TAK1 then activates the
IKK complex and MAPKs as previously mentioned. HowewdiyD88-independent
signalling also leads to the activation t8F3 a memberof the IRF family of
transcription factors sdeéigure 1.3.3. TRIF is first recruited to theeceptor which leads
to the recruitment of TRAF3Kawai & Akira, 2007) This leads to succeeding
recruitment and activation of Tank Bindingniase 1 (TBK1) and inducible IKKvhich

is also knowmB actli K Kdlsbcmigd pkotein AIAP4) also plays

a role in the recruitment of these kinag&asai et al., 2005)T BK1 and | K
phosphorylate key serine/threonine residues in ther@inal region of IRFZSharma

et al., 2003) Phosphorylation of IRFBromotes dimerisation and nuclear translocation
that allows for interacon with the transcriptional eactivators cAMP responsive
element bindig protein (CBP)/p30QGauzzi, Del Corno, & Gessani, 201@BP/p300
acetylates IRF3 homodimers, whichusas a conformational change unmask its
DNA binding domain(Lin, Heylbroeck, Genin, Pitha, & Hiscott, 1999RF3 bind to
the promoter region and upgulats the expression of genes encoding Type | IFNs.
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Figure 1.33 Downstream signallingollowing activation of MyD88depadent and
MyD88-independent signalling patlays following TLR4 activation. Ultimately
leading to the activation of transcription factors suchaslARFe B and | RF3 a
induction of preinflammatory cytokines, IFN and IFMducible genegMogensen,

2009)
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1.3.2 NFa B

NFFe B was dinsgebyet &d@ coincidental di scover
Rel and Dorsal(Baeuele & Baltimore, 1988;Gilmore & Temin, 1986; Sen &
Baltimore, 1986; Steward, Zusman, Huang, & Schedl, 198Bgy have since been
extensively studied and dod to be members of the same protein family with distinct
biological functions in immunity (N B) 0 N ¢ cRek mrel sdevelopnient
(Dorsal) (Gilmore, 2006) Theterm NFe B can be used to descri
Reland NFe B proteins across species, the sul
specific p50 Rel A heterodimer, whicksithe foremost N B di mer i n many
largerNFe B f amily of proteins are eoe8mpooecdic
and the Rel proteins. All of these proteins share a highly consg@dedmino acidRel
homology domain (RHD) whicks respontble for nuclear translocation, DNAinding

and dimerisatioriGilmore, 1990)eeFigure 1.34.

The Rel subfamily includesRel, Rel B, Rel A also known as p@stosophilaDorsal

and Dif. Whilethe NFe B s ubf ami |l y i n cDrasapbilaRelsivihish plo0
are distinguished by their long-t€rminal domains that contain multiple copies of
ankyrin repeats that act to inhibit protei@ilmore, 2006) The NFaB proteinsp100

and p105 are processedaecome shorteactive DNAbinding proteins, resulting ithe
removal of their G@erminal ankyrin repeats. p105 is constitutively processed to p50
resulting in both p50 and p105 containing dimers, while p100 processing to p52 is
stimulus dependent and preferentially binds to R€DBckinghaus & Ghosh, 2009)

Due to the lack of a @erminal transactivation domais p50 and p52 homodimeric
complexes cannot activate transtiop but instead act as transcriptional repressors
(Hayden & Ghosh, 2004Rel subunits form homoor heterodimersand he various
dimeric combinationshat areformed targetslightly different DNA sequenceslowing

for distinct transcriptionalactivity of different NFe B d i (Kunscls, Ruben, &
Rosen, 1992)

The NFa Bsubfamily are generally not activators of transcription, except when they
form dimers wih members of the Rel subfamily, the predominant formofeNB i s a
Rel A (p65)-p50 heterodime(Gilmore, 2006) The p65p50 heterodimer is bound by

20



l @B and is rapidly -dBgmatdedat nngespomsei
tothe NFe B di mer through multiple ankyrin r
activity (Whiteside & Israel, 1997) When activated | KK compl
they are marked for K4Bnked ubiquitination and degradation in the 26S proteasome
(Hayden & Ghosh, 200NFe B can then bind to aB site:
its target genes, including genencoding pranflammatory cytokines and chemokines
(Yamamoto et al., 2003Active NFe B pr omot es thaBlxwhiesls i io
important negative feedback regulatory mechanism which ensures termination of the
NF-a B r e {Hlemenset al., 1996NF-e B r egul ates the expre
proteins includingpro-inflammatory cytokines, suchas I-1 b ,-8,IL46 and TNF U
They also regulate adhesion molecidash as intracellular adhesion molecule (ICAM)

1 and vascular cellar adhesion molecule (VCAM) and inducible enzymes such as
inducide nitric oxide synthase (iINOSyhich mediate the innate immune response to

the invading pathogefHayden & Ghosh, 2004; Pahl, 1999)

RelA

RelB l I
Rel c-Rel

Dorsal

Dif

RHD | TAD |

pP50/p105

NF-xB  p52/p100 L] RHD | I]]]]]lj
Relish

SS

SS

o. B,v. €
I<xB Bcl-3, IkBg III III

Cactus

Figure 1.34 Imageshowing thegeneralised structures tife two subfamilies Rel and

NF-aB and related signalling moleculéSilmore, 2006)
1.3.3 Interferon Regulatory Factor 3

IRF3 is a transcription factor belonging to the IRF familyhich consists of nine
members, it was discovered in 1995 as a regulatory component in cells infected with a
virus and it has been shown to play an important role ie ty[i-N production(Au,

Moore, Lowther, Juang Pitha, 1995; Honda, Takaoka, & Taniguchi, 2Q0BF3 was

found to be a major component of the MyB@8ependent pathway triggered
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downstream of TLR4 in response to LAEByle et al., 2002Kawai et al., 2001)IRF3

Is a transcription factor that is constitutively expressed in mostypabtand displays

both nuclear export sequences (NES) and nuclear localisation sequences (NLS). IRF3
possesses an aminatérminal DNAbinding domain (DBD) that is characterised by a
series of well conserved tryptopheoh repeat§Honda & Taniguchi, 2006)The DBD

forms a helixturn-helix domain and can interact withterferonstimulated response
element (ISRE). IRF3 mainly resides in the cytoplasm due to the dominant NE$but it
continuously shuttled between the cytoplasm and the nucleus in basal conditions
(Kumar, McBride, Weaver, Dingwall, & Reich, 2000)

IRF3 is activated upon the recognition of specific PAMPS leading to the activation of
the MyD88independensignalling pathway as previously mention&hosphorylation

of IRF3 promotes dimerisation and nuclear translocati@tallows for interacton with

the transcriptional cactivatorsCBPp300 (Gauzzi et al., 2010). CBP/p300 acetylates
IRF3 homodimers, whit causes a edormational change that unmaisk DNA binding

domain promoting the transcription of its target gefleis et al., 1999)IRF3 bindsto

ISRE found in the promoters of Type | IFNs and other genes involved in immunity and
oncogenesigHonda & Taniguchi, 2006) RF3 i s central f,mis t he
part of the enhanceosome that binds to the proximal promoter region and initiates local
histone acetylation a@h nucleosomal repositioningAgalioti et al., 2000) In
macrophages anBCs stimulatedwith LPS direct IRF3 binding is required for the
recruitment of distirct sets of genesuch asC-X-C motif chemokine 1QCXCL10),
regulated on activationormal T cell expressed and secreBANTES), IL-27a, IL-

12a andlL-15 (RamirezCarrozzi et al., 2009) FNb | eads t ospecifice i n ¢
genes that deperah other transcriptional regulators suchrasrferonstimulated gene

factor 3 (ISGF3 and other downstream IRFs such as IRF1 and IRfSebrant de
Lendonck, Martinet, & Goriely, 2014)

IL-23 and 11-27 production is strongly dependent on the seR&f flamily membes that
are activatedwith specific ligands. IRF3 is recruited to {L2p35 and 1L27p28
promoter regions when DCs are stimulated with [(B8riely et al., 2008; Molle et al.,
2007) Formation of the ISGF3 complex is critical for amplification of the2Wp28
gene and may & to late activation directly or through amplification of type | IFN
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synthesis. The balance between {12, [L-23 and [l-:27 production isstrongly
dependent on IRF3yhich dfects ensuig adaptive immune responsgésebrant de
Lendonck et al., 2014Polarization of CD4 T helparellsinto distinct effector lineages
are determined by the expression master regulatorsT-bet, Foxp3, GATA3 or the
orphan nucl ear recept oractiorRWtR transcriptiorc factors g i 1
from the signal transducer and activator eanscription (STAT) family. STAT4 is
activated by IL12, STAT6 is activated by W4, STAT3 isactvated by IL-6, IL-21 or
IL-23and STATS is activated by 2. Theseare directly implicated in ThITh2, Th17
or Treg developmen{Zhu, Yamane, & Paul, 2010)herefore IRF3lependent pathway
influences the polarization of CD4 T cefiseFigure 1.35. Activation of IRF3 within
APCs and subsequent autocrine type | IFNs signallingdithi induction of Th17 and
Thlresponses. This can be favourainlghe context of auteimmune inflammation or
deleterious for the hosh the @ntext of bacterial infectiofYsebrant de Lendonck et
al., 2014)

TR B
oo
myoss () @ Trir //TB)
mdzemmezlzf, P | AR P8 &
RN ARDNNRL - 5
ISRE -
IL-12p35 5 o [27p28
33 | NANAR
RNNRRY
cNs2 .. A ISGF3
IRF3
IL-12 (p35+p40) IL-23 (p19+p40) IL-27 (p28+EBI3) J
- IRF1

. v IRFS
Thl Th17

Figure 1.35 lllustration showing that IRF3 contributes to the balance betweel?® IL
family membes in antigen presenting celllpon activation downstream ofLRR4,
IRF3 activates the transcription of-12p35 and IE27p28 through direct recruitment to
ISREbinding sies within the promoter regions whelfRF3 is recruited to the W
12/23p40 promoter and enhancer regiPfsebrant de Lendonck et al., 2014)
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1.4 MicroRNAs

TLR signalling pathways arstrictly and finely regulated by positive or negadi
modulatas at various levels to prevent excessive inflammattbey can also regulate
tissue maintenance and homeostdgsie, Jing, & Cheng, 2014)The mechanisms
responsible includephysical interactions, conformational changes, phosphorylation,
ubiquitination and proteasome mediated degradation involving variogyigatery
molecules(He, Jia, Jing, & Liu, 2013; Kondo,&Kwa i , & Akira, 2012;
MicroRNAs (miRNAs)area newly identified family of regulators involved in the fine
tuning of TLR signalling(Yingke Li & Shi, 2013;Ma, Buscaglia, Barker, & Li, 2011;
Nahi d, Sat oh, & Chan, 2011, O6 Nei I I She
MiRNAs wereinitially identified in 1993n C. eleganswhile examining the temporal
regulation of a gene known as-ii4, by lin-4 (Wightman, Ha, & Ruvkun, 1993)t was
revealed that lift was expressed in two formspanprotein coding22 nucleotide Kit)

smal RNA and a 6Int precursor RNA molecuealsononprotein coding. The small 22

nt RNA molecules were found to have multifle mp e comglemendary sites to the

3 Njntranslated regionUTR) of lin-14 mRNA. Lin-4 was not found in any other
species apaftom C. elegansand this RNA interference mechanism vidievedto be
exclusive to this gene at the tirfleee, Feinbaum, & Ambros, 1993 ome timdater it

was discovered that a heterochronic gend letgulated the products of a gene known

as lin41 and the regulation of this gene was sinmtitahow lin-4 regulated the products

of lin-14 (Reinhart et al., 2000Unlike lin-4, the let7 gene homolog was found in other
species such as drosophila and hunfaligvagner et al., 2001; Pasquinelli et al., 2000)
These small RNA molecules were first defined as “small temporal' RNA (stRNA)
because of their roles in developmeniming, but as more small RNAs were identified

in regulatory roles outside of development, they were defined more generally as
MiRNAs (LagosQuintana, Rauhut, Lendeckel, & Tuschl, 2001; Lau, LWeinstein,

& Bartel, 2001;Lee & Ambros, 2001)

Mature miRNAs are short double stradd@NA molecules approximately 228 rt in
length. They are produced from fuléngth RNA polymerase Il transcripts called-pri
MIiRNA, after cleavage bywo RNase Il enzymes called Drosha and Di@eenli,
Tops, Plastk, Ketting, & Hannon, 2004; Leet @l., 2003;Zhang, Kolb, Jaskiewicz,
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Westhof, & Filipowicz, 2004) Initial cleavage by Drosha within the nuclear
compartment produces a hairpin RN¢hich is approximately65 nt, known as pe-
mMiRNA. PremiRNA is transported into the cytoplasm by exporfinand further
processed by Dicdo produce the mature miRNgi, Qin, Macara, & Cullen, 2003;
Zhang et al., 2004)MiRNA actions are mediated by miRNAduced silencing
complex (MIiRISC), which is composed of many proteins including a member of the
doublestranded RNA binding protein Argonauyt&go) family (Liu et al., 2004; Meister

et al., 2004)Using one strand of the miRNA called the guide strand, the miRISC either
block mMRNA translation, redusenRNA stability or induce mRNA cleavage after
imperfect binding to the miRNA recognitiom| e ment s wi t hUTR oft h e
target MRNA geneseeFigure 1.41 (Doench & Sharp, 2004; Lewis, Shih, Jones
Rhoades, Bartel, & Burge, 2003)

Nuclear membranes

pre-miRNA (-85bases) mature-miRNA

NN e e e

~ —_——
— -
— 21 nt

Drosha

pri-miRNA miRISC

11nt
—~——

= el O MRNA 3'UTR Ago

DNA AT AA A< Inhibit transiation

Nucleus

Figure 1.41 Image showing the procgag of primiRNA to pre-miRNA. Mature
mi RNA recognises el ements withi nlinddayg 306
2008)

The discovery of the first miRNA initiated a large scale search to find other novel
miRNAs in various organismand cell typegHutvagner et al., 2001)rhe mirBase
database was created in 20@2 name, annotat and collateall published miRNA
sequencegGriffiths-Jones, 2004)Newly discovered miRNAs are assighefficial
gene names after experimental isolation and verification, furthermore a manuscript

describing the discovery must be accepted for publicdtedare being entered in this
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official mMIRNA databasd€Lhakhang & Chaudhry, 2012MiRNA gene names consist

of a three or four letter prefix uséal designate the species e.g. hsa for human and mmu
for Mus musculusfollowed by a sequential numerical identifier. TheBaise database
uses O6mi R6 to i dentify mature mi RNA mol e
precursorhairpin subset(Griffiths-Jones, 2010) Additionally, paralogous miRNAs
differing in only one or two positiongre given lettered suffixes e.g. hsgR-146a and
hsamiR-146b. In cases where the miRNA products are identical but egatdsom
different genomic loci, the miRNA are given numerical suffixes e.gnhis®2a1 and
hsamir-92a2 (Griffiths-Jones, Saini, Van Dongen, & Enright, 2008) miRNA
identification cloning studies, two mature products are often isolated from each arm of
the double stranded miRNA hairpin. In many cases one is dumational byproduct
thatisrefredtoasth®é st ar 6 sequence, and the*e ami R
the end of the gene nanf@riffiths-Jones, Grocock, van Dongen, Bateman, & Enright,
2006) However, when there is insufient evidence to etermine the functional strand
these miRNAs are given suffixes that signify the hairpin arm of origin, efipeor-3p
(Griffiths-Jones et al., 2008)To datethere are 28,645 miRNA hairpin precursors,
corresponding to 3828 mature miRNAs in 228pecie{miRBASE release June 2014);
2588 mature miRNAs are currently annotated in the human ge(teuhio & Mano,
2015)and it has beeestimatedthat up to 30% of all human genes are regulated by
miRNAs in many cell typegBartel, 2009; Fabian, Sonenberg, & Filipowicz, 2010;
Yates, Norbury, & Gilbert, 2013)

1.4.1 MiRNAs Regulate TLRs

MiRNAs act as key regulators of gene expression and the regulation sfrii&Rbe
one of the most effective pus to alter signalling(He et al., 2014)Thus far, several
MiRNAs have beenh®wn to regulatd LRs including the let7 miRNA family. It has
been shown that late and lef7i regulate TLR4 expressiorstudies showthe over
expression oflet-7e by miRNA mimics resultsn the down regulation of TLR4 in
mouse peritoneal macrophagesd amhibition of let7e leads to up regulation of TLR4
expressionAndroulidaki et al., 2009)The myeloidspecific miR223 is another TLR
induced miRNA,it can regulateboth TLR4 and TLR3 expressiomigranulocytes

(Johnnidis et al., 2008Another study found that mik46a can also negatively regulate
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TLR4, resulting in accumulation of oxidized lesdensity lipoprotein (oxLDL) and an
inflammatory response in macrophag@é&ng et al.,, 2011)In addition, miR511
functions as a putative positive regulator of TLR4 uraddircycle arrest conditiond, is
likely to inhibit TLR4 expression under similar conditions in monocytes and DCs
(Tserel et al., 2011)These studies suggest that miRNAagy play an important role in
the expression ofLRs and in particular TLR4. Sdégure 1.42 for a summary of
mMiRNAs involved in the rgulation of the TLR4 signalling pathwaynd their related

regulatory molecules.

let-7i, let-7e, miR-223,

miR-146, miR-511

I'II A |LI Il,lll I|||;I||II|II AN I||':'I|.|'I lw.llnllu I| )

miR-146b, mik-155, miR-21,
miR-200b, miR-200c, mik-149, _{

miR-203
miR-348 —{

miR-146a,
miR-132,

miR-146, miR-212

miR-21 miR-146,
miR-146 ——] TRAF® miR-21

- 1 Apoptosis
TRAF3
miR-155 —| TAB2

miR-155

miR-199a

miR-9,

miR-155

miR-9,

o  miRNAs
T N~ ‘}‘h___"\_th__ miR-328 21 /
miR-155 "';-._* ) J_.J_ .-"I/
AP-1 P65 P50 .
)
|
] Nucleus
TLR-induced genes

Figure 1.4.2 Image illustrating the array of miRNAs involved in the regulation of the
TLR4 signalling pathway at multiple lelseinvolving multiple moleculegHe et al.,
2014)
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1.4.2 MiRNAs Regulate Signallingi®teins

TLR4 recruis many types of proteins upon ligand binding as mentioned earlier in this
chapter. These proteins include various IRAKs, MKKs, TABs, IKKs, TRAFs and the
adaptor molecules: MyD88, TRIF, mal and TRAM. Recently all of these molecules
have #&0 been shown to be targeted by miRNAs, especialign TLR4is induced
(Broz & Monack, 2013; He et al., 2013; Kondo et al., 2012; Yingke Li & Shi, 2013; Ma
et al., 2011; Newton & Dixit, 2012;®Ne i | | et al ., 2011; OO0 N«
2013) Among these miRNAs identified, miR46a is one of the key Tl-Rduced
mMiRNAs. MiR-146ainhibits TLR4 signalling by targeting IRAK1 kinase and TRAF6
ligase components of the MyD88ependensigndling pathway in various cell types.
IRAK2 another component of the MyD&Bependent pathway has also been shown to
be regulated by miR46a(Flannery & Bowie, 2010; Hou et al., 2009; Shuo Li, Yue,
Xu, & Xiong, 2013; Lin et al., 2013; Nahid et al., 2011; Taganov, Boldin, Chang, &
Baltimore, 2006; Tang et al., 2010)iR-146b anothememberof the miR146 family,

can modulate the TLR4&ignalling pathway by directly targeting TLR4yD88,
IRAK1, and TRAF6 (Curtale et al., 2013) MiR-132, miR212, and miRl46a also
target IRAK4 which leads to diminishemoduction of inflammatory cytokingNahid

et al, 2013)

MiR-155another important TLEnduced miRNA, can targebmponents of the NB B
pathway such as Faassociated death domain prote{irADD), IKKb, IKKU
andRecepto TNFRSF}interacting seringhreonine kinase 1RIPK1) (Ceppi et al.,
2009; Tili et al., 2007) MiR-155 hasalso been shown to inhibit the p38 MAPK
signalling pathway anthflammatory cytokine production in human DCs in response to
variousmicrobial stimuli In addition miR-155 can regulate TAB& human monocyte
derived DCqCeppi et al., 2009MyD88 hasalsobeen shown to be regulated by miR
155, miR149, and miR203 (Huang, Hu, Lin, Lin, & Sun, 2010; Tang &it, 2010; Wei
et al.,, 2013;Xu et al., 2014) Another MyD88 adapteiike protein mal has been
identified as a target of miR45 in hematopoietic stem/progenitor céfitarczynowski
et al.,, 2010) MiR-200b and miR200c members of theniR-200 family, can also
regulate the expression of MyD88 and it has been shownHisatetgulation can nubfy
the efficiency of the TLR4ignalling pathway féecting the host innate defences against
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microbal pathogens(Wendlandt, Graff, Gioannini, McCaffrey, & Wilson, 2012)
Collectively, sone of the key components of TLRé&sociated signalling proteins are
regulated by miRNAsThese studies suggest that miRNWtivation resuls in the
timely and apropriate toing down and/or termination afLR-signalling by targetig

critical signalling proteins once they are activatdd et al., 2014)
1.4.3 MiRNAs Regulate Transcriptiond€tors

Activation of transcription factors such as NFB, -1AIRF and STAT are key
functional steps following TLR activatio(He et al., 2014)Sudies have showthat
mMiRNAs play a vital role in the negative feedback mechanisms thatlaeguhese
transcription factors(Filipowicz, Bhattacharyya, & Sonenberg, 2008; Martinez &
Walhout, 2009)NF-a B i s ¢ ome ®fithd masteirdpodnt transcription factors
and it has been shown that a r8Rnediated feedback mechanisms directly targets NF
9@ B thRNA to fine tune MyD88dependentand Né B si gnal |l ing foll o
with LPS (Bazzoni et al., 2009)Anotherstudy showed that miRR10 targets NFe B 1
when inducedy LPS in murine macrophagé€Qi et al., 2012)Additionally, miR 329
plays a pivotal role in the inhibition of & mMRNA exprasionby targeting the Nf6 B
p65 complex(Garg, Potte & Abrahams, 2013)MiR-223 has been shown to target
STATS3, resulting in the inhibition of the pinflammatory cytokines It6 and IL-1b
production in macrophagé€hen et al., 2012)FurthermoremiR-17-5p and miR20a
target STAT3to alleviate the suppressivarfction ofmyeloid-derived suppressor cells
(Zhang et al 2011) A transcriptional caepressor CCAAT/enhancer binding protéin

( C/ E masMeen identified as a target of AliBS leading to decreasezkpression of
granulocyte colomgtimulating factor and H6 in splenocytegCostinan et al., 2009;
Worm et al., 2009)Forkhead box p3 (Foxp3)a transcription factor redped for Tregs
and E26 transformatiospecific sequence ETS1) have also been identified as targets
of miR-155 (Kohlhaas et al., 2009; Quinn et aR014) MiR-27b directly targets
peroxisome proliferateactivated receptofPPARD when induced by N& BandmiR-
27b can alsanhibit TNFU secretion i nddecnewkin won L P S
Knethen, Schmid, & Briine, 2010)
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1.4.4 MiRNAs Regulate Cytokines andh@mokines

Activation of TLR signalling through recognition BfAMPsleads to the transcriptional
activation of geneshat encoddor pro-inflammatoy cytokines, chemokines, and-co
stimulatory molecules. These cytokines play an important role in eradicating infectious
pathogens and recruiting inflammatory cells & effective host defencéKawai &
Akira, 2006) Several kg TLR induced cytokinesncluding type | IFNs, TNFU, IL-6,
IL-12, and Il-:10 areregulated by miRNAgAsirvatham, GregorieHu, Magner, &
Tomasi, 2008; Asirvatham, Magner, & Tomasi, 2009; Xiangde Liu & Rennard, 2011)
MiR-146a sequentially suppresses the production of type | IFNsUTINAD and IL- 6

by targeting IRAK1, IRAK2, and TRAF6 in macrophages during LPS toler@thoe et
al., 2009; Shuo Li et al., 2013; Xie et al., 2018)RNA-146acan also negately
regulatethe release of the piioflammatory chemokines H8 and RANTES(Perry et
al., 2008) MiR-26a, miR34a, miR145 and let7b directly regulate the expression of
IFN-b by targeting the @UTR region (Witwer, Ssk, Gama, & Clements, 201@hou,
Ob6Har a, & .dype hIENs @rDalsd affect miRNA expression, it has been
shown thathe activation of IFNb can suppressiR-378 and miR30 whichallowsthe
release of cytolytic mMRNAsesulting in augmented natural killeXK) cell cytotoxicity
(Wang et al., 2012)I8B3; is a mastemregulator forthe transcriptionof two key
cytokines 1l-:6 and 1-:12p40, it is indirectly targeted hyiR-187, it was also shown
thatmR1 87 di r ect | yRNA@Rossp® etal., 0NWhenIL-6 is targeted
by miRNAs including miR-16, miR365 and miR142-3p, there is a reduction in
endotoxininduced mortality through a feedback mechan{Sun et al., 2015Xu et al.,
2011; Zhou et al.,, 2011)IL-12p35 mRNA containgarget site for miR-21 in
macrophages and DQeading to restricted adaptive Thl respon@as Munitz, &
Rothenberg, 2009)In contrast, miRR9 suppresseshe immune responsagainst
intracellular pathogens by targeting FaNMa et al., 2011)

1.4.5 MiRNAs Regulate Other Regulatoryd¥ecules

MiRNAs canalsotargetotherregulatory moleculeknownto modiulate TLR signalling
pathways. NR-132 targes acetyl cholinesteras€ ACHE) which negatively regulates
the TLR signalling pathwa{Shaked et al., 2009MiR-21 can targetumour suppressor
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protein programmed cell death 4 (PDCD4), an inhibitor of eukaryotic translation
initiation factor 4F in macrophagethus enhancing innate immune responses in the
early stagesof infection by a pathogenThe inhibition of PDCD4 increases -l10
secretion, suggestimgrole for TLRinduced cytokine productioduring infection(Loh

et al, 2009; Sheedy et.al2010;Yang et al., 2003)Src homology 2 domainontaining
inositolt56phosphatase 1 (SHIP, a negative regulator of TLRignalling andthe
inflammatory responsas atarget of miR155 (Costinean et al., 2009; Cremer et al.,
2009) Studies have also shown that when macrophage are stimulated with LPS, there is
a down regulation of SHIP1 and increaseression of nR-155 (Gabhann et al.,
2010; Loh et al., 2009; Worm at., 2009;Yang et al., 2003)MiR-155 has also been
shown to target sygressor of cytokine signalling 1 (SOCS1), whiclamother negative
regulato of TLR signalling However, IL-10 can inhibitmiR-155 expressiofeading to

an increase in SHIP1 and SOCS1 expression, thus mitigdiltlg signalling
(Androulidaki et al., 2009; McCoy et al., 2010otchl on the other hand asknown
positive regulatorof IL-12p70production in DCs and miR46a targetdL-12p70 in
DCs stimulated with TLR9(Bai et al., 2012) MiR-148a/b and miRL52 inhibit the
expression of calcium/calmodulin dependent protein kinaseCHM-kinase 1) to
regulate TLRsignalling(Liu et al., 2010) Together these studies suggest thi®RNAs

are responsible for regulating regulatory molesulto fine tune TLRsignalling

pathways and downstream eveftie et al., 2014)
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Table 1.4.1 Sunmary ofmiRNAs that regulate TLR4gnalling

223, miR146a, miR

Target mMRNA MIRNA(S) Reference
Receptor
TLR4 let-71, let7e miR  Androulidaki et al., 2009; Curtale et &

2013; Johnnidis et al.2008; Tserel €

32

146b, miR511 al., 2011Yang et al., 2011
Signalling Proteins
| KKb miR-155 Ceppi et al.,, 2009; Tili et al., 200
Wendlandt et al., 2012
| KKU miR-155 Ceppi et al., 2009; Tili et al., 2007
IRAK1 miR-146a, miR146b Curtale et al., 2013; Hou et aR009;
miR-148b, miR21  Shuo Li et al., 2013; Lin et al., 20138u
et al., 2010; Taganov et al., 2006
IRAK?2 miR-146a Hou et al., 2009; Taganov et al., 2006
IRAK4 miR-146a, miR132, Nahid et al., 2013
miR-212
Mal miR-145 Starczynowski et al., 2010
MyD88 miR-146b, miR155, Curtale et al., 2013; Huang et al., 20
miR-200b, miR200c, Tang et al., 2010; Wei eal., 2013;
miR-21, miR203, Wendlandt et al., 2012
miR-149
RIPK1 miR-155 Ceppi et al., 2009; Tili et al., 2007
TAB2 miR-155 Ceppi et al., 2009; Tili et al., 2007
TRAF6 miR-146a, miR146b Curtale etl., 2013; Hou et al., 200Qju
et al., 2010; Taganov et al., 2006
Transcription Factors
C/ EBPD miR-155 Costinean et al., 2009
ETS1 miR-155 Quinn et al., 2014
Foxp3 miR-155 Kohlhaas et al., 2009
NF-a B 1 miR-9, miR-210 Bazzoni et al., 2009; Qi et al., 2012
NF-ae Bp 65 miR-329 Garg et al., 2013




p38 MAPK miR-155

PPARDS miR-27b

STAT3 miR-17-5p, miR20a,
miR-223

Cytokines and Chemokines

IFN-b miR-26a,let-7b,
miR-34a, miR145,
miR-378, miR30
IFN-2 miR-29
IL-10 miR-21, miR155
IL-12p35 miR-21
IL-12p40 miR-187
IL-1 b miR-223
IL-6 miR-16, miR365,
mMiR-142-3p, miR
187, miR-329, miR
223
IL-8 miR-146a
RANTES miR-146a
TNFU miR-187,miR-27b

Ceppi et al., 2009
Jennewein et al., 2010
Chen et al., 201Zhang et al., 2011

Witwer et al., 2010; Zhou et al., 2011

Ma et al., 2011

Androulidaki et al., 2009; Loh et a
2009; McCoy et al., 2010; Sheedy et

2010; H. Yang et al2003

Lu et al., 2009

Rossato et al., 2012

Chen et h, 2012

Chen et b, 2012; Garg et al., 2013; St
et al., 2015Xu et al., 2011; Zhou et al
2011

Jing et al., 2005; Perry et al., 2008
Perry et al., 2008

Jennewai et al., 2010; Rossato et &
2012

Regulatory Molecules

ACHE miR-132
CaM-Kinase Il miR-148a/b, miR152
Notchl miR-146a
PDCD4 miR-21
SHIP1 miR-155
SOCs1 miR-155

Shaked et al., 2009

Xingguang Liu et al., 2010

Bai et al., 2012

Loh et al., 2009Yang et al., 2003
Costinean et al., 2009; Cremer et
2009

Androulidaki et al., 2009; McCoy et a
2010
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1.5 Aims and Objectives

C. difficile can induce severe inflammation in the gut and the severity of diseas
depends on the ribotype causing the infect®ibPscoatthe outer layer oC. difficile

and the LMW protein variedbetweenribotypes Previous researcfocused on SLPs

from ribotype 00which activak innate and adaptive immuniyggesing an important

role for SLPs in the recognition df. difficile by the immune systenGiven the
differences in clinical symptoms between strain€ oflifficile, SLPsmay modulate the
immune response and thmay differ between ribotypesSLPs from ribotype 001
activateTLR4 signalling with subsequent downstream activation ofaNB , howeve
theyfail to inducelRF3 signalling. MiRNAs are a newly identified family of regulators
involved in the fine tuning of TLR4 signallinglhere is mounting evidence that
mMiRNAs orchestrate immune regulation and host responses to pathogens during
infection To date nobody has studied miRNAgjulatecby SLPs fromC. difficile. Our
hypothesis stateSLPs fromvarious ribotypes ofC. difficile may activate different
immuneresponseso infectionand signalling downstream GiLR4. MiRNAs may be
expresedin response to s which perhapamodulate TLR4signallingleading to the

differences in severity of infectidmetween ribotypes.
To address the aboy#he aims of this thesis were:

1 To examine the immune response of various ribotype€.adifficile and to
determine downstream signalling following TLR4 activatigith SLPs from the
various ribotypes
Establishand optimise protocol to examine IRNAS
Compare miRNA profilesegulatel by SLPs from ribotype 001 and O@&7vitro
Identify miRNAs switched o and off during infection by examining colonic
tissue in a mouse model Gf difficilein vivo

1 Analysefunctionality of miRNAs induced by SLPs from ribotype 001 and 027
in TLR4 signalling

1 Identify biologicallyrelevantgenetargets usindioinformatic target prediction

tools
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Chapter 2: Materials and Methods
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2.1 Materials

Table 2.1.1 Tissue cell alture

Material

Source

15ml and 50ml centrifuge tubes

Sarstedt

Blasticidin Il nvi vogeneE
Brightline Haemocytorater SigmaAldrich®

Cell Titer® 96 AQueous One Solution Promega

DMEM-6429 Gibco®

Foetal Bovine Serum (FB |l nvitrogentE
GM-CSF expressing cell line J558 GMCSF

HygrogoldE

=

Il nvi vogeneE

LPS E. Coliserotype R515)

Enzo Lifesciences

Mr. Frosty feezing catainer

Thermo Fisher Scientific

Penicillin Streptomycin/ Glutamine Gibca®

Presept tablets VWR International Ltd.

rGM-CSF(G0282) SigmaAldrich®

RPMI-1640 Gibco®

Sterile dBHO SigmaAldrich®

Sterile etri dishes NuncE

Tissue culture flasks-25cnt andT-75cnt Nund=

Tissue culture plate® 24 and 96éwell NuncE

Trypan Blue (0.4% w) SigmaAldrich®

Trypsin/ EDTA SigmaAldrich®

UMEM alpha InvitrogerE
Table 2.1.2 Characterisatioof SLPs

Material Source

Bicinchoninic acid (BCA) Protein Assay Kit.

PiercekE

ToxinSensoE Chromogenic LAL Endotoxin Assay K

Genscript
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Table 2.1.3 SDSPAGE

Material Source

Acetic Acid CH;COH SigmaAldrich®
Ammonium persulpha (APS) SigmaAldrich®
Bicinchoninic acid (BCA) Protein Assay Kit. PiercekE
Bis-acrylamide 30% SigmaAldrich®
Bromo-blue SigmaAldrich®
Coomassie Brilliant blue SigmaAldrich®
FermentaageRilerE plus Pre stain protein ladder | Thermo Fisher Scientific
Glycine SigmaAldrich®
Methanol Lennox

N, N - ©itamethylethylenediamine (TEMED) SigmaAldrich®
Propan2-ol (Isopropanol VWR International Ltd.
Sodium dodecylsulphate (SDS) SigmaAldrich®

Table 2.14 Enzyme Linkedmmunosorbenfssay(ELISA)

DuoSe® ELISA kits
StreptavidinHRP

Trizma base

3, 3 otetamebhyBbenzidine (TMB)
Tween®20

Material Source
96- well micro titre plate NuncE
Bovine serum albumin (BSA) SigmaAldrich®

Dul beccods Phosphat e BuliGibco®

R&D systems
R&D systems
SigmaAldrich®

Ver saMaxE micropl at e r e:Molecular Devices

SigmaAldrich®
SigmaAldrich®
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Table 2.15 Flow Cytometry

Material Source
APC hamster antnouseCD11c antibody BD
BD buffer BD
FACS Clean BD
FACS flow BD
FACS Rinse BD
FACS tubes Sarstedt
FITC rat antimouseCD14 antibody eBioscience
FITC rat antimouse CD86 antibody BD
PE rat antimouseCD40 antibody BD
PE rat antmouse CD80 antibody BD
Proprodium lodide (PI) BD
Sodium Azide (Nah) SigmaAldrich®
Wash buffer (PB+ 0.1% Tween) BD
Table 2.1.6 Plasmid DNA preparation ancansfection
Material Source
Ampicillin 2100 mg/mL SigmaAldrich®
hsa let-7e mirVana miRNA mimic (MC 12304) Ambion®

Empty Vector control construpcDNA3.1

| nvitrogentE

hsamiR-1455p mirVana miRNA mimic (MC11480)

Ambion®

hsamiR-146a5p mirVana miRNA mimic (MC10722) | Ambion®
hsamiR-1555p mirVana miRNA mimic (MC12601) | Ambion®
Inoculation Loops Cruinn

Lipofectamine 2000 reagent

Thermo Fisher Scientific

Lysogenybroth(LB) Broth SigmaAldrich®
mirVana miRNA mimic miR1 positive control Ambion®
mirVana miRNA negative control #1 Ambion®
NFFeB construct Gift
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Opti-Mem Reduced Serum Medium

Gibco®

pFA-IRF3 construct Gift
pFR construct Gift
Qiagen plasmidNA Hi-speed midi kit Qiagen
phRL-TK (TK renilla construct) Gift

Table 2.17 Luciferasegenereporterassay
Material Source
Acetyl Co Enzyme A (Lithium salt) SigmaAldrich®
ATP SigmaAldrich®
Coelenteraine Biotium
Dithiothreitol (DTT) SigmaAldrich®
D-Luciferin firefly SigmaAldrich®
Ethylenediaminetetraacetic acid (EDTA) SigmaAldrich®
GloMax® Microplate Luminometer Promega
Luciferase cell culture lysis 5x reagent Promega
Magnesium  @rbonate Hydroxide Pentahydrat| SigmaAldrich®
(MgCOs)4Mg(OH),.5H20
Magnesium Sulfate Heptahydrate MgSH,0 SigmaAldrich®
Sodium Hydroxide NaOH SigmaAldrich®
Tricine SigmaAldrich®

Table 2.1.8 RNA and DNA ntegrityby gel dectrophoresis

Material

Source

Agarose

Thermo Fisher Scientific

Fermentas 6X DNA Loading Dye

Thermo Fisher Scientific

Gene Ruler 1 kilus DNA ladder

Thermo Fisher Scientific

RNA Sample Loading Buffer

SigmaAldrich®

SYBR® Safe DNA Gel Stain

l nvitrogentE

TAE

SigmaAldrich®
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Table 2.1.9 RNA isolation, cDNA synthesis angPCR (Complete list of miRNA

sequences and assays numberppendix E)

Material Source

96 well PCR plates Applied Biosystens E
DiethyprocarbonateDEPQ H,0 I nvitrogeneE
DNA Zap InvitrogerE

Megaplex PreAmp Primers, Human Setv2.0 (A&BAppl i ed Bi 0§

Megaplex RT Primers Human Set v2.0 (A & B) Applied Bi 0:

MicroAmp Optical Adhesive film Applied Bi 05:
mirVana miRNA isolation kit Ambion®

Tagman Array cards, 31 +1 MC format 32 Applied Bi of
TagMan Array Human miRNA Cards Setv2.0 (A& Appl i ed Bi 03¢
Tagman MicroRNA Individual Assays Applied Bi 05
TagMan miRNA Reverse TranscriptiontK Applied Bi 0:¢
TagMan Pre Amp Master Mix Applied Bi of
Tagman Universal Master Mix Il, no UNG Applied Bi of§

40



2.2 Methods
2.2.1 Characterisation of SLPs

C. difficile culture and the purification of all SLPs used in this project wereechaut

by Dr. Mark Lynch and Drizabela Marszalowskanembers of the Immunolodulation
research group, DCU as part of their PhD research profecBs were purifiedrom
frozenC. difficile spores from patient samples attending St. James hospital, Driin.

C. difficile spores from the varying ribotypes were a gift from Prof. Thomas Rogers
from the Department of Clinical Microbiology, School of Medicine, Trinity College,
Dublin.

The strains used in this study included R13537 (ribotype 001) and R1288f&e

014). The sequence ofdlslpA gene of these strains haelen previously determined
(accession numbers DQUO&BIG and DQ060638 respectivelyjo determine theslpA

gene sequenceas our clinical strains, wholgenome sequencing was performed. DNA
wasextracted fronC. difficile using the Roche Highure PCR template preparation kit
(Roche, West Sussex, UK). Nextera XT library preparation reagents (lllumina,
Eindhoven, The Netherlands) were used to generate multiplexed sequencing libraries of
C. diffiale genomic DNA, and restitg libraries were sequenced on an lllumina
MiSeq®. Shorread data obtained has been deposited in the European Nucleotide
Archive (ENA); project accession number PRJEB6566. Genome assemblies were
performed using the Velvet shioread assembler anglpA gene sequences were
retrieved for each isolate using BLASAItschul, 1990)

All microbial cell culture was carried out usiageptic techniques in a BIOMat class Il
microbiologicalsafety cabinet in the Institute of Molecular Medicine (Trinity Cgdle
Dublin), based in St. James hospithhe SLPs were purified from cultures grown
anaerobically at 37°C iBrain Heart Infusion BHI) broth/0.05% Sodiumthioglycolate
with 0.5% Hemin and 0.1% Vitamin KCultures were harvested aritde SLayer
protein wa purified from the surface of the bacteriau@e extractsveredialysed and
samplesapplied toMonoQ HR10/10anion exchange column attached to an AKTA
FPLC. SLPs were eluted with a linear gradient ©0( mol/L NaCl at a flow rate of 4

mL/min. Fractionscontaining pure SLPs were collectadd concentrated down to a
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volume of approximatel 0 0 ¢ LanAnsicomUitra 4 filter unit centrifuge tubes.
Samples were collected and exposed to a UV light for 15 min to ensure sterilisation.
SLPs were then aliqted and stad at-20°C until ready for us€Lynch 2014
unpublished; Marszalowsk015 unpublishejl

Table 2.21 Accession numbers for trepA gene for each ribotype used in this study,
sequences from GenBank

Ribotype Accession number Length of sequence
RT 001 DQO060626 AA: 756
Nuc: 2271
RT 005 DQ060630 AA: 610
Nuc: 1833
RT 027 R20291 AA: 758
Nuc: 2277
RT 031 DQ060641 AA: 739
Nuc: 2220
RT 078 DQ060643 AA: 726
Nuc: 2181
RT 014 DQ060638 AA: 732
Nuc: 2199

2.2.1.1SDSPAGE

Sodium DodecylsulphatBolyacylamide Electrophoresis (SBIBAGE) was carried out

to visualise the HMW and LMW SLPs that were extracted fronCthdifficile cultures.

The loading buffer containing SD&ppliesa uniform negative charge to the samples
which migrate in an electrical fieltbwards the positive electrode. The proteins are
separated primarily by size as a result of the mass to charge ratio following binding of
the SDS Pureand crudesamples okach of theSLPsfrom the differing ribotypesvere
diluted in 5x Loading Buffer(see Appendix A) which was supplemented with
Dithiothreitol (DTT) andheated to 96°C for 5 min to denature any protein structures
The samples werallowed to cool toroom temperature. &ylamide resolving gels
(12%) and stacking gels ) (see Appendix A) were made- the APS (10%) and
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TEMED wereadded lastand swirled gentlyto induce settingThe Acrylamide gels
were cast between a pair of 10 x 100 mm glass plates. Once set the gels were fixed to
the electrophoresis unit using a spring clamp. Gels were exgiach in 1Xelectrode
running buffer (see Appendix A), 15 ¢ Lof sample was loaded into each well.
PageRulePlus Prestained Proteladder is a molecular weight protein laddanging
from 10250 kDa, it wasadded to lanes either side of the SLPa sizeindicator. Gels
were runat 30 mA per gl for approximately one hour antil the dye front reached the
base of the gelOnce electrophoresis was compldtes gels were washed with dB
and submerged in 10 mL of Coomassie Blue e AppendixA). Thegels were left
on a ro&er for onehour to stain any pretn bands present. Followirsgairing the gel
was washed briefly with di® and10 mL of destairsolution (see AppendixA) was
added to the gels. The gels wgilaced on the rocker for 10 min befaeplacing the
buffer with fresh destainhis was repeated four times. The gels were thendefgitate
gentlyin destain overnight at 4°C. Gels wapeamined for the presence of SLA%e
HMW band wa expected to be seat 44 kDa while the LMW band waxpected to be
seen between 325kDa.

2.2.1.2ProteinConcentration of SLPs

Thetotal proteinconcentratiorof the SLPs was determined using a Bicinchoninb@dA

(BCA) protein asaykit (Pierce). The assay uses the vaeltumented reduction of Cu

to Cu™ by praein in a base, whermplorimetric detection of Cti can be measured

purple colour is obseed in the presence of proteidarker colous signify a higher
concentration of protein. Standards ranging frof2,@0 e g / mwere made from

Bovine Srum Albumin(BSA). Each standard and sample was added to a 96 well plate

in triplicate. BCA working eagentwas added to each welhd he plate was covered

and incubated at 37°C for 30in. Samples were allowed to cool to room temperature
and absorbance was read582 nm onthever s aMax E mi ¢ Molgcllant e r
Devices) A standard curvevas constructed using the blardrected absbance values

for each standarsee AppendixB).

43



2.2.1.3Endotoxin Assay

SLPs were tested for the presence of endotoxin, to ensure any observed @mmun
response was not due to contaminants. The ToxinSensGhramogenic LAL
Endotoxin Assay Kit (GenScript) was used and instructions were followed according to
manufacture sdspecifications Limulus amebocyte lysate (LAL) reacts with bacterial
endotoxin andipopolysaccharid¢LPS). Asynthetic colour producing substrate is used
to detectthis endotoxin chromogenicallyA series of standards were made from 1
EU/mL (endotoxin uriimL) endotoxin stock solution ranging frot01-0.1 EU/mL.
Subsequentlyl00 ¢ Lof standards and samples were placed in specific endetm@en

vials intriplicate. A blank of LAL reagenwater was also prepared. LAtas added to
each vial and the samples were incubated at 37°C faniaOChromogenic substrate
solution was then addethe samples were gently mixed and incubated finiré Stop
solution and colour stabiliser were added and samples were gently swirled to avoid
generation of bubbleSamples were transferred to a 96 well plate and ltserbance

was read at 545 nron theVe r s a Ma x Elatenreader (Mplecular DevicesA
standard curvevas constructed using tlasobance values for each standard where
EU/mL equates to 1 ng/mL thereforeet concentrations of endotoxin present in the
unknownsamplesould becalculatedsee Appendix B)

2.2.2 Cell CultureTechniques

All cell culture was carried out using aseptic technique in a class Il laminar airflow unit
(Holten 20106ThermoElectron Corporation, OH, USA). Cell cultures were maintained
in a 37°C incubator with 5% COand 95% hundified air (Model 381 Thermo
Electron Corporation OH USA). Cell cultures were maintained in media supplemented
with heat inactivated (HI) Fetal Bovine Serum (FBS) at 56°C for 30 min where stated.
Cells were visualised with an inverted microscope (OlympG&X31, Olympus

Corporation, Toyko, Japan)
2.2.2.1Revival of Frozen Stocks

A cryovial was removed from liquid nitrogen aridawed rapidlyby gentle agitation in

a 37T water bath. As soon as contents were thawed, the vial was sprayed with 70%
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ethanol and the coemts were removed under aseptic conditiohke cells were
transferred into 9 mLcomplete medium (depending on the cell line used) and
centrifuged for 5min at 250 x g. The pellet wasre-suspendedn 10 mL complete
mediumand placed in a prearmed T25n? culture flask The flask was incubated at
37°C and 5% CQ

2.2.2.2Cell Enumeration an/iability Assessment

Cell viability was assessed using trypan blue dye exclusion analysis. This test is based
on the principle thaviable cells maintainintact cell membrarseandthey canexclude
trypan blue dye from entering the cell. In contrast dead cells cannot maintain intact cell
membranes and allow the dye to enter the &&Hble and norviable cells can be
visualised under the microscop&'e placedl00 pl of cells n suspension were mixed
with 150 pl PBS and 25Ql trypan ble solution (0.4% (v/v). A glass coverslip was
mounted onto the shoulders of a Brightline Neubauer Haemocytometer antbi the
mixture was applied at the edge of the coverslip and drawn @bmssunting chamber
underneath by capillary action. Cells weneamined undehigh power magnification
(x40) and cells were counted in the areas markédsédeFigure 2.21. The number of

cells in the 16 squares equates to the nunobecells x 1d/mL, therefore the total
number of cells was calculated using the following formula: Cell/nN x D x 1d
Where, N= average cell number countadeach square , D = dilution factor of cells in
PBS.

1mm

A e N OI2Z e O .25 e

Figure 2.21 Representation of the Neubauer haemocytometer used to countcsis.
1-4 on the diagram show where cells were counted. Cells touching the left or top

boundary were not counted
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2.2.2.3Cryogenic Preservation of Céline Stocks

To maintin reserves of cell lineghe cellswere cryogenically preserved in liquid
nitrogen. Cells were grown to a state ofuls-confluency andcounted(see Section
2.2.2.2 and re-suspendedat 5<10° cells/mL in of completemedium with 5% (v/v)
DMSO. Aliquots of 1 mL were transferred to labelled cryoviadsd placed in a Mr
Frosty freezing container in -80°C freezer. Mr Frosty freezing container provides a
1°C/min cooling rate which is required for successful cryopreservation of cells. After

three hours the crymals were then transferred for storage to the liquid nitrogen vessel.
2.2.3 Bone Marrow Derived Dendritic Cell Isolation andI@ire

Lutz et al. (1999) developed a technique to isolate large quantities of pure bone
marrowderived dendritic cells (BMDCs) from mee bone marro\Lutz et al., 1999)

Bone marrow was isolated aseptically from the tibiae and femuBAaB/c mice
purchased from Charles River (U.kajed 10i 14 weeks. The animalsad ad libitum
access to animal chowéaterandwere housed ima Specific Pathogen Free (SPF) unit in
the licensed Bresource feility at Dublin City University. The mice were culled in
accordance with European Union (Protectmf Animals used for scientific purposes
regulations 2012) S.I No.543 of 2012 & directive 2010/63/EU of the European
Parliament. The hind legs were removed and flesh/muscle was carefully removed from
the leg bones, the bones were stored in RPMI mediaeriThe femur was cut above

the knee and below the hip to expose the bone marrow. A syringe with a 27.5 G needle
was filled with RPMI and used to flush the bone marrow out of the femur into a sterile
50 mL falcon. The same process was repeated for thee # bone marrow was
collected together and a sterile 10 mL syringe with &I%edle was used to break up

the bone marrow. The 50 mL falcon was centrifuged at 256x 5 min and the pellets
were re-suspendedn 1 mL media for every bone used in teeperiment e.g. 2 legs
equals 4 bones therefore celtssuspendedn 4 mL media. EnougltompleteRPMI

media (see Appendix A) supplemented with Granulocytenacrophagecolony
stimulating factor (GMCSF)was added to the cells to load 10 mL of total media pe
sterile petri sh: 1 mL of cells to 9 mL RPMKells were incubated at 7°C in 5% €0

in a humidified incubator. After 3 days 7 mL of media was removed from each petri
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dish and 10 mL of fresh RPMI/GIM@SF was added. Cells were incubated for a further
four days before being removed from the petri dislaeserile cellscrapemwas used to
detach any adherent cellShe cells were collected in a sterile 50 mL centrifuge tube
and centrifuged at 250 g for 5 min. Cells were countedsee ®ction 2.2.2.2 and

plated at 1x1®cells/mL for experiments.
2.2.4 Hek-293and Hek TLR4/MD2/CD14ell Culture

Human Embryonic Kidne93 (Hek293 and human Hel293 TLR4/MD2/CD14 cell
lines were a gift from Prof. Paul Moynaghhe Institute of ImmunologyNational
University of Irdand Maynooth, Maynootlo. Kildare The cellswere maintained in
complete DMEM (see Appendix A) in T-75 cn? flasks. The human Hek
TLR4/MD2/CD14 cells are derived from H&®3 cells but have the machinery for
TLR4 signalling, as they arstably cetransfeted with the pUNGTLR4 that express
human TLR4 genes and the pDU®WD2-CD14 plasmid which express human MD2
with CD14 genesCell monolayers were passaged at a confluency of 80% (every 4
days). Cells were detached from the flask surface by scrapingsigiite cell scrapers
in the presence of PB%or subculture cells were split 1:3 in complete medium. Cells
were countedsee Section 2.2.2)2nd plated at 1xf@ells/mLfor experiments.

2.2.5 JAWS |l Dendritic Cell Line Culture

The Murine JAWS Il DC cell line (CRL-11909 were bought fromthe ATCC and
maintahed incompletedMEM (see AppendixA) in T75cnf flasks.JAWS Il DCs are
an immature dendritic cell line derived from p53 growth summegene deficient
C57BL/6 mice. The cell line cape induced to becoenan activated dendritic cell line
with the ability to stimulate T cells to proliferafacKay & Moore, 1997)JAWS i
DCs are a mixed culture of attached and suspension Aéiés seven days of growth
the susgension cells were transferred to a B falcon before adherent cellgere
washed with PBS andetached with0.25% trypsir0.53 mM EDTA. All cells were
pooled anctentrifuged a200 xg for 10 minand subcultured ata 1:5 ratio in T75cth
flasks and inculdad at 37°C ir6% CQ. Cells were counte(see &ction 22.2.2 and

plated at 1x1Dcells/mLfor experiments.
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2.2.6 Cell Simulation

Cells were seeded atx1( cells/mL and incubated overnight or until adherent cells
adhered to the base ehchwell. Cells were stimulatedwith 20 pg/mL SLPs which
were isolated from various ribotypes (RT) ©f difficile. Cells were also stimulated
with 100 ng/mLLPS from a 1 mg/mL stock ofE. coli serotype R51%s a positive
control. Control cells were incubated in media aloniee Tells were incubated for a

period of time ranging from-24 hours depending on the experimental set up.
2.2.7 Cytotoxicity Assay

Cell titer 96 Aqueous One solution contain3- @,5dimethylthialzot2-yl)-5-(3-
carboxymethoxypheny2-(4-sulfopheny)-2H- tetraolium, known as MTS. This
compound can be used to measure the quantity of formazan produced by cells, to
measure cell viability. The quantity of formazan produced is directly proportional to the
number of living cells in culture. Hek TLR4/MD2/CD14 cellsreeounted and plated

at 0.1x16cel I s/ 100 eL in complete DMEMseenedi a
Section2.2.2.9. Cells were transfected with miRNA mimics, NFB and | RF3 pl
DNA constructgsee Section 2.2.1)1 Post transfectiorf18 hours)cells were stimulated

with LPS and SLPésee Sectior2.2.6) We placed20¢ Lof Cell Titer96 AQueousOne

Solution to eachwell and incubated at 3Z°in 5% CQ. After 4 hours the absorbance
wasread at 490montheV e r s a Ma x Hate meaderr(Mofecular Devisg The cell

viability of each sample was expressed as a percentage of the controhralls

compared to cells treated with 10% DMSO which is known to effect cell viability.
2.2.8 Enzyme Linked Immunaprbent AssayELISA)

Enzyme linked Immuno®rbent assay (ELISA) was used to quantifynumerous
cytokines and chemokines in celupernatantdrom both murine and human cells
depending on the experimemuoSet ELISA kits from R&D Systems with antibodies
specific for murine or human samples were used accordingetontanuf act ur e
specificationgsee Appendix A) Capture antibody100 pl) specific for the cytokine of

interest wa bound & each well in a 96 well plate by incubatiomernight at room

temperature. Excess or unbound antibodies werevednoy washing withvash buffer.
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Assay diluen{300 pl) was added to each well and incubated for one hour beforg bein
washed, the diluent acés a blocking buffer preventing ngpecific binding.A stock
solution ofstandardsat a known concentration of the cytokicleemolne in question

was prepared and a 1:2 serial dilution was carried out to make a range of known
standards. Samples were prepared and diluted in reagent diluent where réjeired.
placed100 pl samples and standarofgo the 96 well plate anthcubated ataom
temperature for 2 hours. The pstwerewashed again to remowany unboundgsample

and 100 pbiotinylated detection antibodspecific for the assay of interest was added to
each well on the plateéStreptavidinhas a high affinity forbiotin, therefore100 ul
streptavidinHRP was added to each wellft&r 20 min the plate was washed withshia
buffer to remove any excess a0 ul TetramethylbenzidindTMB) was added to

each well on the platdhe colour was allowed to develop Septavidin catalysethe
oxidation of TMBwhich forms a blue colour, the intensity of colour is proportional to
the concentration of the cytokine/chemokine being measiifezireaction was stopped
after approximately 20 mitby the additionof 50 pl sulphuric aal 2N H,SO, (see
Appendix A) which turns the colour of the assay from blue to a yellow. The absorbance
of each of the samples and standards was read amdsh the e r s aMax E mi cr ¢
reader (Molecular DevicesThe optical dengy (OD) at 450nm of the set of known
standards was plottedgainsttheir corresponding known concentrations, making a
standard curve. The absorbance of samples being tested was calculated by interpolating
the absorbance readinggo thestandard curvequation to determine the concentration

of cytokine/ctemokine in the cell supernatant.
2.2.8.1Detection of Murine/Human y@okines& Chemokines

The cytokines murine n) IL-6, mIL-1 O , mT N F12p40, milk1Pp70, mil-23,
mIL-27p28 and chemokines mMRANTESrhan (h)RANTES mMCP-1 and mMIP-2

were quantified according to manufactur e
was used as a blocking buffer and reagent diluent. Wagghiffer consisted of 0.05%
Tween20 in PBS made from 10X PBSee Appendix A)
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2.2.8.2Detectionof Ik1 b H+8d

The cytokinesmiL-1 b and wlelk e guanti fied accordi
recommendations. BSA/PB%% (w/v) was used as a blocking buffer and 0.1%
BSA/TBS + 0.05% (v/v) Twee0 were used as reagent diluentVashing buffer
corsisted of 0.05% TweeR0 in PBS made from 10X PBS.

2.2.9 Flow Cytometry

Flow cytometry is a technique that alloti® analysis of multiple parameterscedls in

a heterogeneous cgtlopulation. Cells in suspension are pastedugh a 100 m
nozzlewhich allows one cell at a time to pass through a laser [ligtd.light scatterm

and the fluorescence emitted from positively stained cells caeaokeby detectors. The
detector in front bthe laser beam measures the forwaratter which degrmines cell

size and the dettor to the side measures side scatter which determines the granularity.
When cells have been stained Hjurochromes, lightwill be emitted at a certain
wavelength when excited by a laser at the corresponding excitatioeniitied light is
detected by photomultiplier tubes (PMTs) which convert the energy of a photon into an
electrical signal called a voltagéach voltagep| s e equates 00000an e
of these are recorded on averalgeorder to investigate an agén on the surface of a

cell, the cell is incubated with a fluorescently labelled monoclonal antibody specific to
the antigen of interest. These flurochromes are excited by a laser and emit light at
specific wavelengths. In this study we used threleur polychromatic flow cytometry

using the following flurochromeds-luoresceinlsothiocyanate(FITC), Phycoerythrin

(PE) and Allophycocyanin(APC). FITC excites at 49%m and emits at 526m. PE
excites a#65nm andemits at 578 im. APCexcites at 635im andemits at 666m.

2.2.9.1Cell Surface &&ining of BMDCs

The bone marrow from BALB/C mice were isolaf&ke Section 2.2)3and grown for
7 days in the presence of GOSF. The cells were countéslee Section 2.2.2)2and
seeded at 21 cells in 2 mL of media o6 well plates. The cells were then stimulated
with LPS and SLPs for 24 houfsee Section 2.2.6)The supernatants were aspirated

from each well and collected for further analysis by ELIGAe Section 2.2.8)The
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cells were washed with 2 mL of sterile PB&d acell scraper was uséd gently detach

cells from each well. The cells were transferredl5omL centrifuge tub® An equal

amount of FBB was addedo each tube to blockon-specific binding and cells were
incubated at room temperature for 15 n@dells were centrifuged &50 xg for 5 min
andre-suspendeth FACS buffer(see Appendix A) We usedL mL of buffer per 2x19
cells.We transferre@00ul of each sample to a round bottom\®éll plate. Plates were
centrifuged a250 x g for 5 min. The kelevant antibody was added to each well at a
concentration of 0.5 pg/lxicells. Antibody stock was diluted in FACS buffer as
requiredCel | s were incubated at 4eC forpw 30 m
FACS buffer, and centrifuged 260 xg for 5 min. This was repeated three times. Cells
werere-suspendedh FACS buffer and transferred to labelled FACS tubes for analysis.
Samples were then acquired i mmediately o
Cell Sorter and analysed usiftpwJo software T ree Star) with cells gatexpplied to

CD11¢ BMDC population

2.2.10 Puirification of Pasmid DNA

Gl ycer ol stocks of cb elniarsfarmé with NFeerBp e {peFnAt
IRF3, pFRphRL-TK renillaand pcDNA3.1 empty vectdigated DNA (see Appadix

C) were a gift fromProf. Paul Moynagh,The Institute of Immunology, National
University of Ireland Maynooth, Maynooth, Co. Kildare andl glasmids were
authenticated by sequencingasmid DNA from the individual glycerol stocks were
inoculated intoseparate conical flasks containing 500 b broth supplemented with
100 ¢ Anipigillin and grown overnight at 37 °C in a shaking incubakamnther
glycerol stocks were made by aseptically mixing @30bacterial culture and 79 Lof
DMSO and storing at80°C. The rest of the bacterial culture wasrvested by
centifugation at 6000 >g for 40 min at 4 °C.Microgram quantities of plasmid DNA
were purified usinga Qiagen plasmid DNA Hspeed midi kit(Qiagen) according to
manufacturer ds Il nstructions. Thi sThek i t |
supernatant was removéwm the pellet which was themre-suspendedising 6mL of
chilled P1 bufferWe added mL of P2 buffer and mixed vigorously for 30 seconds to
lyse the bacterial cellsefore they weréncubated aroom temperature for 5 miiwe

added6 mL of P3 buffe to neutralise the lysing effect of the P2 buffer, and solution
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was mixed vigorously again for 30 seconds. The cell lysate was then poured into the
barrel of a QIA midicartridge and incubated at room temperature fomi©to allow

cell debris settle. Using the QIA filter the cell lysate was filtered into a previously
equilibrated hi speed migirep tip where the DNA was allowed bind to the resin
column. Bacterial cell proteins were removed by washing the column withL26 QC
buffer and then precipitated with 3L room temperature Isopropaneihich was
gently mixed by inversion. The DNA was then allowedrecipitate by incubation at
room temperature for Bin. The Isopropanol mixture was then added to the-QIA
precipitator and fiered through. Plasmid bound to the precipitator was then washed
with 2 mL 70% (v/v) ethanol, air dried and eluted into a h micro- centrifuge tube
using 700l sterile TE buffer. Lastlythe eluted DNA was flushed through the
precipitator once agaito remove any unbound DNAhe DNA was quantified using a
NanoDrop® ND1000. The purity of the DNA was determined by measuring the ratio
of absorbance at 260m and 280m. Pure DNA which has no bound protein impurities
should have an A260/A280 ratio 0f811.9. Stocks were aliquoted and stored in-the
20°C freezerand used fotransfection. A 500 miculture typically yieldedl-2 pg/mL of
plasmid DNA.

2.2.11 Transient Transfection ofdlls

Hek-293 or HekTLR4/MD2/CD14 cells werecultured (see Section 2.2.4and ounted
(see Section 2.2.2hefore they wereseeded a0.2x1cel | s/ mL DMEM 200
media per well in a 96vell plate. Cells were allowed to adhere for I®urs to
approximately 6@ confluency. Cells were traresfted using Lipofectamine 2000 which

is a cationic liposome that functions by complexing with nucleic acid molecules,
allowing them to overcome the electrostatic repulsion of the cell membrahé be
taken up by the ce(Dalby, 2004) For each well to be transfected, 25 @iff OptiMEM

was mixed with DNA. DNA mixes were made up fine appropriate construsee
Sections 2.2.11.171 2.2.113). Lipofectamine 200q@ O . 4 was diluted in OptiMEM
and made up to 25 pl per sampleheTreaction was mixed gently and left at room
temperature for Smin. After incubation, the Lipofectamine/OptiMEM solution was
added to the DN/OptiIMEM mix for a total volume of 50 pl per Wdo be transfected.

The combined reaction was mixed gently and incubated at room temperaturenior 20
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The transfection mixture was then added to each well and mixed gerttiypjuing the
side of the plate. Cells were placed back in the incubator°& 3% CQ for 1824
hours depending on the experiment.

2211 INFFe B assays

To measure activation of the N\FB pat hway, cell s weBe tr
regulated firefly luciferase reporter plasmid (80 ng) and constitutively exprBsseith
luciferase reporter construct phRIK (20 ng). An empty vector control reiton was

set up in parallel using the same concentrationsedNB- and | RF3 constr
additions of pcDNA3.1 empty vector (50 ndjirefly luminescence readings were
corrected forRenilla activity and expressed as fold stilaion over empty veor

control

2.2.11.2IRF3 assays

To measure the activation of IRF3, cells were transfected withpfER60 ng), the
transactivator plasmid pFARF3 (IRF3 fused downstream of the yeast Gal4 DNA
binding domain, (30 ng) and phRIK (20 ng).An empty vector controleaction was

set up in parallel using the same concentrations of pFR, IRF3 and TK constructs with
the additions of pcDNA3.1 empty vector (50 ngixefly luminescence readings were
corrected forRenilla activity and expressed as fold stilaion over emptyvector

control

2.2.11.3MiRNA mimics

MiRNA mimics are small chemically modifiedoublestranded RNA that mimic
endogenous miRNAand enable miRNA functional analysss theycan up-regulate
mMiRNA activity. We examined the effect of ovexpressing miRNAs on NB Band
IRF3 gene expressior-100 nM of individual miRNA mimics/ miRNA controlésee
Appendix A) were added t®@NA/OptiIMEM mix of NF-e B(see &ction 2.2.11.1)and
IRF3 (seeSection2.2.11.2) The volume of OptiMEM was adjusted to give a 50 pl total

volume & the time of transfectio(see Sectior2.2.1)).
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2.2.12 Luciferase Asays

Firefly luciferaseis a 61kDa monomeric pr@in that does not require pdsanslational
processing for enzymatic adty. Firefly luciferase catalyzes an oxidative reaction
involving ATP, firefly Luciferin and molecular oxygen, yielding an electronigal
excited oxyluciferin species ankii$ excited species emits visible lightBaldwin, 1996).

Thusit functions as a genetic repartenmediately upon translation when expressed
under an experimental promoter, in this caseaNB o f . THisRa§s8y enabled us to
examineNFe B and | RF3 signalling inducefd. by t
difficile using the luciferase ass&§oth sets of plasmid DNA were ¢oansfected with
constitutively expessed TK renilla luciferase construct. Renilla luciferase is a 36 kDa
monomeric protein wherposttranslational modification igot required fo its activity

and the enzyme may function as a genetic reportareitiately following translation
however it isexpressed under the control of a constitutive prom{deatthews, Hori, &
Cormier, 1975; Shifera & Hardin, 2010)he utility of an internal control plasmid is
dependent on the fact that the encodeatgin is expressed in a constitutive manner
without being infuenced by experimental factors and can therefore be used to normalise
the transfection efficienc{Shifera & Hardh, 2010)

Hek-293 or Hek TLR4/MD2/CD14 cells weriltured(see Section 2.2.4andcounted

(see Section 2.2.2) before beinggeeded at0.2x¥@ el | s/ mL in 200 ¢lL
per well ina 96 well plateand allowed to adhere for 18 hours to approximately 60%
confluency. Cells were transiently transfeci{sge Section2.2.11) with NF-a B(see
Section 22.11.1) IRF3 (see ®ction 22.11.2) and in som casescombined with
mMiRNA mimics(seeSection2.2.11.3) 18-24 hours post transfectiofdepending on the
experiment)cells were stimulated with LPS and SLR=®d Section 2.2.4jor 18-24
hours(depending on the experimeniledia was aspirated from eawalell and 100ul

1X luciferase lysis buffefsee Appendix A)was added. The plates were covered in foil
and placed on a rocker for 2@in at room temperature. The plates were then placed in
the -80°C freezer for a minimum of 1 houBamples werethen thawed at room
temperaturefor a maximum of 2 hours, to release the contents of the cell. Lysed cells
were transferred to white platdsrefly luciferase activity was assayed by the addition

of 40 ¢ Lof luciferase assay mixsge Appendix A to eachsample Renlla luciferase
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was made by dilutingCoelenterazinén PBSto give a 1:1000 dilution. 40 [Renilla
luciferasewas also added to duplicated samples on each flaéesluminescence was
read using aGloMax® Microplate Luminometer(Promega).Firefly luminescace
readings were corrected fétenilla activity and expressed as fold stilation over

empty vector control
2.2.13 RNA Isolation

A dedicated RNasefree environmentspecific for RNA work was establishedith
specific gloves and pipets used with filter tipso ensure the uplity of RNA starting
product. Pior to any RNA work, surfaces and equipment were cleaned down with DNA
Zap (Invitrogen).DNA Zap is a potent nucleic acid degrading solutiamich can

degradeanycontaminatinggenomic DNA
2.2.13.1 Totallsolation flom Cell Lines

Hek TLR4/MD2/CD 14 cell§see Section 2.2.44ndJAWS Il cells (see $ction 2.2.5)

were cultured and counte@ee Section 2.2.2.2pefore they wereseeded at 2xf0
cells/mL in 2 mL media. Cells were stimulated with LPS and S{de& Section
2.2.2.6) Cells were harvestedifter 8 hoursand total RNA was isolated using the
mirVanaE mi RNA |Isolation Kbs { AmiFigwwen) i as
2.22 shows a summary of this procedurghe cells were saped in mediaand
transferred to 15 mL falcons, the tubes were centrifuged at 2p@ork 5 min. The
supernatamstwere removed and the pellets washed with 5 mL steril®. HBe samples
were diluted in ysis solution and vortexed fdr min to obtain a homogenous lysate.
The volume was recorded and used to calculate the wolhifmrmiRNA homogenate
additiveto add in {/10). The solutionwasmixed by vortexing for 30 secondsnd
incubated on ice for ten min. The volume prior to addition of the miRNA homogenate
additive was used to calculate the volume of gaienol chloroform to add in, making
sure to take the bottom phase. The lysate solution was again vortexeebfdois86onds
before being centrifuged for 5 min at 10,00@ xat room temperature to separate the
agqueousand organic phases. Following centrifugation, the lysate solution was checked
for a compact interphase and if this was not evident the centrifugation step was

repeated. The upper aqueous phass transferred to a fresh tube taking care not to
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disturb orcarryover any of the bottom organic phase. The volume of upper aqueous
phase recovered was noted and IX2&f this volume of room temperature 100% high
grade ethanol was added to the fresh tube. A maximum ofil760this lysate/ethanol
mixture was pipeéed onto a glasBbre filter cartridge, which was placed in a fresh tube.
This was centrifuged at 10,080y for 15 seconslto pass the mixture through the filter.

This step was repeated until all of the lysate/ethanol had been passed thakigh

sureto discard the flow through each time. 700ofiwash buffer 1 was then added to

the filter column and passed through by centrifugation at 10409@or 15 seconsl

This was repeated using 500 of wash buffer 2/3 again with the flow through being
discaded each time. After the third wash the filter column was centrifuged at 10,000

g for 1minto dry off the filter column and prevent ethanol carry over to the new tube in
which filter column was placed. The total RNA was then eluted into a fresh acaflecti
tube by centrifugation at 10,060g for 30 seconds using 1Q0 elution solutionwhich

was preheated to 95°C. The RNA was quantified and qualifietheNanoDrop® ND

1000 Spectrophotometer. The purity of the RNA was analysed by measuring the 260nm
and 280 nm absorption wavelengths, where RNA with an A260/A280 ratio between
1.8 2.1 is considered pure. The RNA samples where then run on a 1% agarose gel
where the 28S antl8S ribosomal RNA bands were assessed for inte(géty £ction

2.2.19.

Lysis and Organic
Disruption Extraction Final RNA Isolation

| N I

4

Disrupt sample in ; Add 1.25 volumes Wash1,2&3 Elute
e Acid Prenol Sy i
Lysis Solution, PR ethanol and pass
i Chloroform
add miRNA . through filter
extract
Homogenate Additive

Figure 2.22 Summary of theRNA Isolation procedurelmage modified from
mi rVanaE mi RNA | s (Lifeade¢chnologies<2011) pr ot oc o |

) TotalRNA
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2.2.13.2 Enrichment ofTotal RNA Derived fromC. difficile Infection model

All procedures were carried out in accordance with the Hedatbducts Regulatory
Authority. Thein vivo C. difficile infection model was carried out in collaboration with

Pat Casey and Professor Colin Hill in the Alimentary Pharmabiotic Centre, University
College Cork.Isolation of colonic samples werarried out by Dr Maja Kristek, Dr

Mark Lynch and Dr Joseph deCourcéytal RNA samples were generated by Dr.
Mark Lynch, a member of the Immunolodulation Research group (DCU), as part of his
PhD research projed@57BL/6J mice were infected witB. difficile using an antibiotic
induced model of mouse infectig@hen et al., 2008 Mice were treated for three days

with an antibiotioni xt ur e of Kanamycin (400 &g/ mL),
(850 U/mL), Metron dazol e (215 €9/ mL) ain the dvirkkingc o my c
water. Mice were subsequently given autoclaved water. On day 5, micenjeated
intraperitoneally with Gndamycin (10 mg/kg). Mice were infected with*10. difficile

spores on day six by argavage. Initial studies determined infection witfi 4fores of

C. difficile R13537 caused mild transient weight loss and diarrhoea intyytl
C57BL/6J strain mice. Animals were weighed daily and monitored for overt disease,
including diarrhoea. Morilnd animals with >15% loss in body weight were humanely
culled. Thecolon washarvested from uninfected and infedtmice at days three and
sevenof infection Squares ofissue fromthe distal colon roughly 5 mhwere cut for

the preparation of RNA. Thidssue was sted in RA1 buffer until requiredt was
homogenised usinga rotorstator homogeniser. RNAwas isolated using the
NucleoSpin® RNA 1l Total RNA Isolation Kit (Macherdyagel)as per manuf ac
instructions The RNA was quantified usina NanoDrop Spectrophotometand then

stored in the80°Cfreezer until ready for uggynch 2014 unpublishell

For this study small RNAs were enrich#gdm 50 pg Total RNA samples from tl@&

difficile infection model using theni r Vana E mi RNA Arbdoo)lasipgei on |
ma n u f a cinstructieons etal RNA samples werenixed with 5 volumes of
lysis/binding luffer and 1/10 volume of miRNA homogenatadditive before being

placed on ice for 10 min. 1/3 volume of 100% ethanol added to each sample and
pipetted onto a filter cartridge. The filter cartridge was placed in a collection tube and

spun at 5000 x for 1 min. The filtrate was collected and 2/3 volume of 100% ethanol
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was added to each sample. The filtrate/ethanol naxivas pipetted onto a new filter
cartridge and spun at 500@¥or 1 min. The flow through was discarded and the filter
was washed sequentially with 700 pl miRNA Wash solution 1, followed by two 500 pl
Wash solution 2/3 using the centrifugation methodretiee filter cartridge was spun at
5000 xg for 1 min in between washes. Following the last wash the filter cartridge was
placed in a fresh collection tube and 50 pl Elution solution (which had been heated to
95°C) was added to the centre of the filted arcubated atoomtemperaturdor 2 min.

The filter cartridge and collection tube were then spun at 10,@J0rx1 min. The flow
through contained the RNA enriched for the small RNA fractRiNA was quantified
using a NanoDrop Spectrophotometed RM integrity was assessed by analysihg
A260/A280 ratio RNA with a ratio between 1-.2.1 was considered of good quality.

2.2.14 Agarose Gel Electrophoresis to Assess RN#&grity

To assess the integrity of the RNA, 1 ug of total RNA from each sample wagoused
visualisation. Briefly, 1% agarose gel was prepared in 100 ml of 1X TAE hufide

from 50X TAE (see Appendix A).To visualise the RNA, 1@l of SYBR Safe was
added to cooled agarose solution and pouredairsiealed gel cassette with the comb set

in place. The gel wageft to setfor 30 min covered in tin foil to prevent photo
bleaching Samples wergrepared by in 5X loadinguffer and heated to 65°C for 10

min. The apparatus consisted of a horizontal rig which housed the gel cassette and
comb. Therig was then filled with 1X TAE bufferSamplesalong with 1 kbladder

were loaded into the wells created by the comb. The gel was electrophoresised at 150 V
for approximately30 minor until the loading dye ran three quarters of the way down
the rig Thegel was then visualised using theBBx Gel Imagine System. Intact total
RNA has two clear bands, corresponding to 28S and 18S subunits. The ratio of intensity
of 28S to 18S should be 2:1.
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2.2.15 cDNA Synthesis

Extension of primer omn miilRRLA

=-

Looped

MERNA RT prirmer

Synthesis of first cONA strand

< 5

Figure 2.23 Image depicting RNAspecific sterrloopedreverse transcriptioprimers
(Life Technologes, 2013)

Reverse transcription is used to convert single stranded RNA into complementary DNA
(cDNA). Standard and quantitativeolymeraseChain Reaction (PCR)nethods require

a template that is at least two times the length of either of the specifiarébowvreverse
primers, each typically 20ucleotidesrft) in length.Thus, the target minimum length is

O 4 § makihgmiRNAstoo short for standardeverse transcriptioqPCR methods

They require primers that contagnhighly stablesteniloop structue seeFigure 2.2.3,

that lengtherthe target cDNA. The forward PCR primer adds additionalttemgth nt

that optimi® its melting temperatur@(m)). Assgy specificity is further optimisd by
placement of the probe over much of thgimal mMiRNA sequene, and the probe T(m)

is optimised by addition of a minor groove binding (MGB) moiétramer, 2011)

2.2.15.1cDNA Synthesisfor Pool A and B TLDACards

Single stranded cDNA was synthesised using Tadg®amicoRNA Reverse
TranscriptionKit ( Appl i ed B iwbich wtiiges stesdfop technology and
creates cDNA from mature miRNPonlyand not precursorgor a full miRNA profile
two reverse transcriptiomeactions were needed incorporating RBecific stem
looped primers for both pool And pool B miRNA panelsTotal RNA from Hek
TLR4/MD2/CD14 cells stimulated with LPS and SLPs for 8 hours were iso{atsd
Section 2.2.13.1)The final volume for each reaction was Zl5where either 3509 or
500ng in 3¢ Ltotal volume was added to £5Lmaster mix se&able 2.22. For the no
template control (NTC) 3 ul of nuclease water was added instead of total Ri¢A.
samples were then run on the bench ttigrmocycler (PT€00 DNA Engine cycler,
Biorad) se€lable 2.23 for the conditions.
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Table 2.22 Recipe forcDNA synthesigor pool A and pool B TLDAcards

Mix C omponents Volume for Volume for 10
1 sanple samples € D *
(e D)
Megaplex RT Primers (1) 0.8 9.0
dNTPs with dTTP (100 mM) 0.2 2.3
MultiScribe Reverse Transcriptase (5QuLy/ 15 17.0
10°'H RT Buffer 0.8 9.0
MgCI2 (25 mM) RNase 0.9 10.1
RNase Inhibitor (20 Uil 0.1 1.1
Nucleasefree water 0.2 2.3
Total 4.5 50.8

*Includes 12.5% excess for volume loss froipetting

Table 2.23 Thermocycler onditions forcDNA synthesis forpool A andB TLDA

cards
Stage Temperature Time
Cycle 16 °C 2 min
(40 Cycks) 42 °C 1 min
50 °C 1 sec
Hold 85 °C 5 min
Hold 4°C b
2.2.15.2 cDNA Synthesisfor Custom TLDA Cards andtlividual miRNA assays

Custom pools of 5X RT primers were made in 1X TE bufi@tal RNA from Hek
TLR4/MD2/CD14cells andJAWSII cells (see ®ction 2.2.13.1and RNA enriched for
miRNAs from theC. difficile model (see Section 2.2.13.2yastaken out of the80°C
freezer and thawed on ic€he finalvolume for each reaction was &b where 350ng
a d d e d mdster mix 8eg@dble 2.24. For

theNTC 3 ul of nuclease water was added instead of total RIt&. samples were then

total RNA in 3¢ L(total volumgw a s

run on the bench top thermocycler (R20Q0 DNA Engine cycler, Biorad) sekable

2.2.5 for the conditions
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Table 2.24 Recipe forcDNA synthesisfor custom TLDA cards andchdividualmiRNA

assays

Mix C omponents Volume for 1 sample
(e D

RT Primers O 6.0

dNTPs with dTTP (100 mM) 0.3

MultiScribe Reverse Transcriptase (5QuLy/ 3.0

10°'H RT Buffer 15

RNase Inhibitor (20 yul) 0.2

Nucleasefree water 1.0

Total 12.0

QL0 pl of each 5X RT primer added to 1X TE for a final volume afllto give final

0.05X concentration in each reaction tube.

Table 2.25 Thermocycler onditionsfor cDNA synthesisfor custom TLDA cards and

individualmiRNA assays

Stage Temperature Time
Hold 16 °C 30 min
Hold 42 °C 30min
Hold 85 °C 5 min
Hold 4°C b

2.2.16 Preamplificationof cDNA

Preamplificationof cDNA was used to uniformly amplifgesired cDNA by increasing
the amount on starting templgtgoutsias et al., 2008This increasesensitivityof the
mMiRNAs detected without biasing the estimation of miRNA expoessatio (Chen,
Gelfond, McManus, & Shireman, 2009)

2.2.16.1PreamplificationReaction forPool A and pool B TLDACards

The pre-amplification reaction had a final volume of 38 containing 2.5¢ LcDNA
productoriginally isolated fom Hek TLR4/MD2/CD14 cellgsee Section 2.2.15.Bnd
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22.5¢ PreAmp reaction mix seEable 2.26. The samples were then run on the bench
top thermocycler (PT200 DNA Engine cycler, Biorad) se€able 2.27 for the
conditions. Following this the reaction samples were diluted with 0.1X TE pH 8.0.

Table 2.26 Recipe forpre-amplificationmaster mixfor pool AandB TLDA cards

Volume for 1 Volume for 10
Sample (l) Samples [(l)*
TagMan PreAmp Master Mix (2X) 12.5 140.62
Megaplex PreAmp Primers (10X) 2.5 28.13
Nucleasefree water 7.5 84.37
Total 22.5 253.12
*Includes 12.5% excess for volume loss froipetting
Table 2.27 Thermocycler conditions fgere-amplification
Stage Temperature Time
Hold 95 °C 10min
Hold 55 °C 2 min
Hold 72 °C 2 min
Cycle 95°C 15 sec
60°C 4 min
(12 Cycles)
Hold 99.9 °C 10 min
Hold 4°C b

2.2.16.2 Preamplification for Custom TLDA Cards and Individual miRNA

Assays

The pre-amplification reaction had a final volume of 38 containing 2.5¢ LcDNA
product originally isolated from Hek TLR4/MD2/CD14 cellsIAWS 1l cells and
mMiRNAs enriched from theC. difficile model (see Section 2.2.15.2)The cDNA
products were mixed witB2.5¢ LPreAmp reaction mix se€able 2.2.8. The samples
were then run on the bench top thermocycler (220G DNA Engine cycler, Biorad) see
Table 2.27 for the conditions. Following this the reaction samples were diluted with
0.1X TE pH 8.0.
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Table 2.28 Recipe forpre-amplification master mixfor custom TLDA cards and

individual miRNA assays

Volume for 1 sample
(ui)
TaqMan PreAmp Master Mix (2X) 12.5
PreAmp Primer Po@¥ 3.75
Nucleasefree water 6.25
Total 225

QL0 pl of each 20X individual Tagman miRNA assay was added to 1X TE for a final

volume of 1 mL to give final 0.2X concentration in each reaction tube.
2.2.17 RunningTagman® Low Density Arrag/(TLDA) cards

DNA polymease from the TagMan® Universal PCR Master Mix amplifies the target
cDNA using sequence specific primers and a probe on the TagMan microRNA array.
The presence of the target is detected in real time through cleavage of the TagMan
probe by t he aptioty. Presnpliies DN (See Section 2.2.16.1)as
added to the following master mix s€éable 2.29. During optimisation, cDNAdroduct

(see Section 2.2.15.1priginating from 350 ng and 500 ng starting BN was
investigatedtherefore cDNAproduct was added to the following master mix Eabkle

2.210. Pool A and BTLDA cards were allowed to come to room temperature before
100pl of the mix was dispensed into egubrt on thecards The card werecentrifuged

twice in specialised Sorvall/Heraeus buckets at 28@or 1 minto fill each of the 384
wells on the array card.he card was then sealeding the Micro Fluidic Card Sealer
which uses a precision stylus assembly to isolate and seal the chanrtedsnatito
fluidic card. The loading chambers were cut off and terd wa run on the Applied
Biosystems 7900HT Fast Realime PCR System using thdefault parameters
contained within the SDS setup file on the supplied CD specific for either pool A or

pool B as shown iMable 2.211.
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Table 2.29 Recipe for cDNA withpre-amplification for running onpool A and

TLDA cards

Component Volume for one
array

TagMan® Univeral PCR Master Mix No AmpErase® UNGx 2 450

Diluted PreAmp product 9

Nucleasefree water 441

Total 900

Table 2.210 Recipe for cDNA withoupre-amplificationfor running onpool A and B

TLDA cards

Component Volume for one
array

TagMan® Universal PCR Master Mix No AmpErase® UNG, 450

Megapl exE RT product 6

Nucleasefree water 444

Total 900

Table 2.211 Defaultthermocyclemparameters for runningool A and BTLDA cards

Stage Temperature Time
Cycle 16°C 2min
42°C 1 min
(40 Cycles) 50°C 1sec
Hold 85°C 5 min
Hold 4°C b

2.2.18 RunningCustomTLDA cards

Following the profiling study wittpool A and BTLDA cards, a list of 31 miRNAs of

interest were generated. We commissioned custom 384 vigibRNA cardsto be

made by Applied BiosystenE cont ai ni ng our 31 mi RNA
endogenous control U6 snRNAee Appendix B. Preamplified cDNA originally from

Hek TLR4/MD2/CD14 cellfsee Section 2.2.16.2yere added to the master mix for 96
reactions for 4 replicates s@able 2.212. Each custom card wasdlowed to come to

room temperature before 513 qifl the mix was dispensed into egabrt on the array.
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The card was centrifuged twice fomin at 200 xg to fill each of the 384 wells on the
array card. It waghen sealedusing the Micro Fluidic Card Sealand the loading
chambers were cut off. The carevererun on the Applied Biosystems 7900HT Fast
RealTime PCR System using the parameters showrabie 2.213

Table 2.212 Recipe for reaction mix fa€ustomTLDA cards

Volume for 1 Volume for 96
sample (ul) reactions x 4
replicates (ul)*
20X Tagman microRNA Assays Mix 0.5 Preloadedon array
Diluted PreAmp Product 0.08 34.60
TagMan® Univesal PCR Master Mix Nc¢ 5.0 2160.0
AmpErase® UNG, 2
Nucleasefree water 4.42 1900.80
Total 10.0 4104.0

*Includes 12.5% excess for volume loss froipetting

Table 2.213 Thermocycler condition®r customTLDA cards

Stage Temperature Time

Hold 95 °C 10min

Cycle 95°C 15 sec
60°C 1 min

(12 Cycles)

Hold 4°C b

2.2.19 Running Individual Tagman miRNA gsays

In order to validate the results generated in the miRNgtomTLDA cards, ndividual
Tagman assays werarcied out for human and murine miRNAs. faraplified cDNA
from Hek TLR4/MD2/CD14 cellsJAWS II cells and miRNAs enriched from the.
difficile model(see Section 2.2.15.%ere added to the master mix Jexble 2.214. 19

pl of maser mix was added to each well on a 96 well PCR plate before 1 pl of either

human or murine 20XrTagMan® MicroRNA Assayswas addedsee Appendix B.

snRNA U6 was used as the endogenous control for the human Hek TLR4/MD2/CD14
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cells, while snoORNA202 was used the endogenous control for the murd@ws Il
cells and samples from the muri@ difficile model. The plates were ruon the
Applied Biosystems 7900HT Fast Rdame PCR System using the parameters shown
in Table 2.215.

Table 2.214 Recipe for reaction mix for individudlagMan® nicroRNA Assays

Volume for 1 sample (pl)
Diluted PreAmp Product 0.20
TagMan® Universal PCR Master Mix N 10.0
AmpErase® UNG, 2
Nucleasefree water 8.80
Total 19.00

Table 2.215 Thermocycler conditionfr Individual TagMan® nicroRNA Assays

Stage Temperature Time

Hold 95 °C 10 min

Cycle 95°C 15 sec
60°C 1 min

(12 Cycles)

Hold 4°C b

2.2.20 MiRNA Data Analysidollowing gPCR

Following the completion of each ruhe SDS files were exported from the Applied
Biosystems 7900HT Fast ReBime PCR System and opened in ExpressionSuite
Software v1.0.3Quantitativereal time PCR PCR data wasanalysed The max Ct

was set to 37.0 and a manual threshold of 0.1 was set to ensure Ct determination
consistency across each miRNA target. Each assay wadegigned from Applied
Biosystem& therefore the efficiency (100%) and limit of detection (10 copies) are
guaranteed by the manufacturer. We implemented a number of quality control measures
outlined inFigure 2.24. Samples that did not meet thes#eria were omitted from the
study. We then went through each amplification curve to ensure the curves were
sigmoidal in shape and ones which were found not to be were also omitted from the

study.The reference group was set to the control samples

66



Flag lcon | Description Aftribute Condition | Value
AMPNC WE  |Amplification in negative control CT < = 35
AMPSCORE J¢ |Low signal in linear phase Amplification Score < - 1
BADROX % [Bad passive reference signal Bad passive reference algorithm result = - 0.6
BLFAIL b [Baseline algorithm failed

CQCONF ot |Low Cqg confidence Cq Confidence < = 0.8
CTFAIL 15 |Cr algorithm failed

EXPFAIL 2¢  |Exponential algorithm failed

HIGHSD ¥ |High standard deviation in replicate group|Cr standard deviation = - 0.5
MAXCT # |Cr above maximum 37
MPQUTLIER weo  |OCT outlier in multiplex replicate group  |ACT < - 1
NOAMP ¢ [No amplification Amplification algorithm result < - 0.1
MOISE J= |Moise higher than others in plate Relative noise > - 4
NOSAMPLE 2 |Wells with no sample information

NOSIGHAL — |No signal in well

OFFSCALE UL |Fluorescence is offscale

OUTLIERRG rso  |Qutlier in replicate group

SPIKE <fic |Noise spikes Spike algorithm result = = 1
THOLDFAIL 'hLQ Thresholding algorithm failed

Figure 2.24 Screen shot &m ExpressionSuite software ofiaity control criteria for
TLDA card data

2.2.20.1 MiRNA Data Analysis of Targets from Pool A aBdTLDA Cards

Data from pool A and pool Bvas combined in theone study file and sample groups
were assignedlobal normalisation was carried out where the median Ct of common
assays were used as the normaliser on a per samplgMastgdaghet al, 2009). The
normali sed reporter ORNd6 valwue for each
global normalisation. The Rn value was calculated by dividing the fluorescence of the
passive ROX dye by the fluorescence of the FAM reporter dye to noemtiés
reaction. Relative gene expression values were calculated uBkuyession Suite
Software. TheBenjamintHochberg false discovery ra(EDR) was usedo adjustp-
valuesto account for the number of tests being performedensure data was normally
distributedbox plots for each sample were then constructed using the ExpressionSuite
software where the box for each sample contained the middle 50% of the data, the black
horizontal line indicated the median Ct value and the black dot denoted the mean Ct.
The end of the vertical lines indicated the minimum and maximum Ct values and the
outliers were the points outside the ends of the whiskaitowing thisast ud etnt 6 s
test was applied and values @O 0.05 were considered statistically significant
compared with the control grou@t scatter plots were constructed to see if there were
differences between groups. However to determine differences in individual miRNA

targetsa volcano plot was madeherethe log of the fold change was plotted on the x
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axis and the negative lggof p-values was plotted on theaxis. The fold change

boundary was setto 1.0 angthv al ue bounda®©. was set to ¢
2.2.20.2MiRNA Data Analysis of Targets from Custom TLDAaftls

The endogenous contrdd6 snRNA wa used tocorrect for variation of RNA inputnd

relative gene expression values were calculas#ag the ExpressionSuite softwaii®

ensure data was normally distributiealx plots for each sample were then constructed
using the ExpressionSuite software where the box for each sample contained the middle
50% of the data, the black horizontal line indicated the median Ct value and the black
dot denoted the mean Ct. The end of the vertical lines indicated the minimum and
maximum Ct values and the outliers were the points outside the ends of the whiskers
Following thisa st u d etsest @as applied and values @O 0.05 were considered
statistically significantcompared with the control groupCt scatter plots were
constructedto see if there were differences between groups. However to determine
differences in individual miRNA targetsvolcano plot was madehere the log of the

fold change was plotted on theaxis and the negative lggof p-values was plotted on

the yaxis.The fold change boundary was set to 1.0 aedothalue boundary was set to

p 0.05. A heat map was also generatetorporatingPe ar sonés produc
Correlation CoefficientFCQ using average linkage as a ckring methodf miRNA

profiles between pairs of samples analysed in this stidg. heat map shows the
correspondingelative miRNA expression levels rendered in a gmeehcolour scale,

red represents high expression level, green represents low expression level and black
being absence of detection. Each row represents a single miRNA and each column
represents an indidual sample. Dendograms indicate the correlation between groups of
samples and miRNAs.

2.2.20.3MiRNA Analysis of Targets from Individual miRNA gsays

U6 snRNAwas used as the endogenous control for the human Hek TLR4/MD2/CD14
cells, while snoRNA202 was used ag ttndogenous control for the murihd@WS i

cells and samples from the muri@e difficile model tocorrect for variation of RNA
input (see Appendix F) Relative gene expression values were calculatgdg the

ExpressionSuite softwareA Mann Whitney Utest was applied in experiments
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comparing miRNA expressionin the Hek TLR4/MD2/CD14 andAWS I cells.
Howevera s t u destwas Gsed td compamiRNA expressiorderived from tissue
from differing mice.Values ofp 00.05were considered statistically significafrror

bars wergresented in all graphs as standard error of the mean (SEM).
2.2.21 MiRNA Gene/Target/Pathwa3redictiors using Bioinformatis

In the literature it is suggestekatto select consensus targdtey must be identified
by different prediction tool¢Sun, Julie Li, Huang, Shyy, & Chien, 2010¥e choose
DIANA miRPath(Vlachos et al., 2012p carry out our searches as this prediction tool
highlights targets that are also prediclgdmiRanda and TargetScan, two wiatlown
prediction tools or targets which are rified experimentally in TarBase v6.0
(Paraskevopoulou et al., 28)1 SeeAppendix G for Web links to the databases used in
this study.

The list of24 miRNA targetanduced by SLPs from ribotype 001 and @25re inputted

into miRConvertor on the miRBtem databasg.u et al., 2012) This wasto ensure we

had an up to date name for each of the miRNAs according to the versiuRBASE

used by DIANA miRPah which is version 18(see Appendix G) DIANA miRPath
v2Oisafreewels er ver which wutilises mi RNAR tar g
regions provided by the DIANAnicroT-CDS algorithm(Vlachos et al., 2012)The

lists of 24 miRNAs of interest welaputted into the prediction tool wheeeposteriori
analysis was performed where the significance levels between all possRNA
pathway pairs wer calculated using enrichment arsady The previously calculated
significance levels where combined with this to provide a mergediye for each

pat hway by applying Fi s hdWabhssetalp20l2) ned pr

DIANA -miRPath enables the analysis gdnetargets in the Kyotdncyclopaediaof

Genes and Genomes (KEG@anehisa & Goto, 2000yvhich generates graphical
representations of pathways interactions. The web server also allows the generation of
heat maps, the heat map is based on significance levels where the darker colours
represent lowr significance values and the adjacent dendrograms depict hierarchical
clustering results fomiRNAs and the pathways respectivel@ene lists that were

targeted in the KEGG pathways wereasanal
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crossed check in Target@t(see Appendix G) TargetScan predicts biological targets
of miRNAs by searching for the presence8ofer,7mer, andmersites that match
theseed regiomf each miRNAsee Figure 2.25. Predictions are ranked by their
probability d conserved targetingP{r) (Friedman & Jones, 2009nd considers

matches to huma®' UTRsand their orthologs, as defined BYCSC whole genome

alignments
Seed
match
M

m ..................... NNNNNN........ Poly(A) Offset 6mer site
m ....................... NNNNNN....... Poly(A) 6mer site
L o [ — NNNNNNA . . ... Poly(A) 7mer-A1 site
m ..................... NNNNNNN....... Poly(A) 7mer-ma3 site
m ..................... NNNNNNNA..... Poly(A) 8mer site

| Joe] 1t B
NNNNNNNNNNNNNNNNNNNNN - 5" miRNA
w

Seed

Figure 2.25 Diagrammatiaepresentation of the types of miRNA matches predicted in
TargetScarfLewis, Burge, & Bartel, 2005)
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Chapter 3. Characterising the Immune
Response of SLPs fronC. difficile in
BMDCs
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3.1 Introduction

C. difficile is the leading cause of antibictassociated diarrhoea worldwide, called
Clostridium difficileinfection (CDI)(Dawson et al., 2009; Dubberke, 2012canonly
colonise the gut if the normal intestinal microbiota is disturbed or absdmth, in
most cases is achievey the administration of antibioti¢€alabi et al., 2002; Denéve

et al.,, 2009; Rupnik et al., 20090 he bacteriumds ability 1tc
antibiotics in recent years has enabled its rapid spread among péRaptsk et al.,
2009) Antibiotic treatment dinmishes commensal micr@rganisms in the gut and their
ability to mediatannate immune responses, whighables the proliferation of the often
antibiotic resistantC. difficile (Buffie & Pamer, 2013) The bacterium can then
dominate the mucosaurfaces and destroy cellular barriers through toxin mediated
destruction of the epithelial cells leadingapoptosisand cell death(Buffie & Pamer,
2013; Deneve et al., 2009EDI is potentially a very seriouscondition frequently
effecting hospitalied patients and in particuléine elderly(Ausiello et al., 2006)The
severity of CDI may be dependent on the strail oflifficile present{Goorhuis et al.,
2007; Rupnik et al., 2009vhich is illustrated inFigure 3.11. Ribotype 001 is
associated with a milder CDI aradficient bacterial cleanace compared withibotype

027 whichisknownt o b e a 08t p énfeatian withlriotyg 027has been
associated withmore severe diarrhoea, higher mortality and more recurrences
(Clements et al., 2010; Dawson et al., 2009; Goorhuis et al., 2007; Loo et al., 2005)

Ribotype
027

Ribotype
001

gﬁiﬂ;‘sy;(nptoxn atic

| Colonisation Symptoms

Mild Severe
Figure 3.11 lllustration of the range of clinical symptoms associated with CDI,
comparing ribotype 001 with ribotype 027
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Calabiet al. (2002) found that $ayer proteins are considered to play the biggest role in
the binding ofC. difficile to the host gastrointestina(Gl) tract allowing bacterial
adherence to the mucosa and the delivery of tqasbi et al., 2002)S-layer proteins
have been detected in &l difficile strains examined so fgDrudy et al., 2004)C.
difficile express a crystallin&-layerencoded by thelpA gene, the product of which is
cleaved to give two mature peptides which associate to form l§assello et al.,
2006; Ni Eidhin et al., 2006)Theselayers arecommonly known as Surface layer
proteins (SLPsyvhich are predominantly found in outarrface proteins irC. difficile.
SLPscontain aHMW proteinderived from the @erminal portion of the precursand

a LMW partner proteinderived from the Nerminal portion of the precursowhich
form a tightly associated nesovalent compleXFagan et al., 2009; Ni Eidhin et al.,
2006) The HMW protein(42 kDa) is highly conserved between strains@f difficile,
while the LMW protein 82i 38 kDa) demonstrates considerable segaeadiversity and

is a dominant antigen of the precurg¢Drudy et al., 2004; Ni Eidhin et al., 2006; Sharp
& Poxton, 1988)

SLPs have been shown to activate immune d8ianco et al., 2011; Calabi et al.,
2002; Madan & Petri Jr, 2012; Vohra & Poxton, 201R)evious research from our
laboratory has shown thaSLPsactivate macrophages and induzacterial clearance
responses.SLPs from ribotype O0Olactivate preinfammatory cytokines and
chemokines in amurine macrophage celline. Furthermore SLPs increasm-
stimulatory cell surface marker expressmm macrophagand theydisplay enhanced
phagocytosis and migratiqollins et al., 2014)In addition other studies have shown
that SLPs induce the maturation of DCs by inducing the expression-stiroalatory
cell surface markers which leads to the inductionpod-inflammatory cytokines
(Ausiello et al., 2006)Research from our growglsohave showrhat intact SLPs from
ribotype 001 containing both HMW and LMW proteins were required for DC activation
and subsequently generated T helper cells required for bacterial clesrarndeR4
(Ryan et al., 2011)Consequenth5LPs isolated from ribotype OGhn activée innate
and adaptive immunity. This would suggesn important role for SLPs in the
recognition ofC. difficile by the immune syste (Collins et al., 2014; Ryan et al.,
2011)
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SLPs from ribotype 001 evoke a similar response to tfiatPS through TLR4
signalling. Ryanet al. (2011) showed that these SLPs induce MyB&fendent
signalling which leads to the activation of FB and e all, (2014)s
demonstratedhiat the SLPs indudedownstream activation of p3&ollins et al., 2014;
Ryanetal,20lINF-eB regul ates the expressipmn of
inflammatorycytokinessuchas IL-1 b , -8, IL46 a n d wfiidd Fetiate the innate
immune response to the invading patho@gayden & Ghosh, 2004; Pahl, 199%)is

well known that severe complications of infection result from excessive immune
activation and there is an essential role for immunoregulatonypooents of the
immuneresponse in limiting patholog¥onsequently @arly all major TLR signalling
pathways are implicated as targets for suppression bynflathnmatory cytokines
(Williams, Ricchetti, Sarma, Smallie, & Foxwell, 2004)-10 is an antinflammatory
cytokine that inhibits MHC class Il and -stimulatory molecules on monocytasd
macrophages. H10 limits the production opro-inflammatorycytokines including IE
16,6/IL-2, TNFU and cMERLYRANTES, -8 and MIR2 (zee

& Kim, 2007; Williams et al., 2004)During infection =10 inhibits the activity of Thl
cells, NK cells and macrophagd€ouper, Blount, & Riley, 2008)all which are
required for optimal pathogen clearan@ndoh et al., 2007)During infections, the
absence of 1110 can be accompanied with nmunopathological tissue damage that is
potentially harmfulto the host, whereas excessiiL-10 always resustin chronic

infectious diseases caused by less clearance of pathhgers al., 2013)

Both MyD88-dependent anshdependent mechanisms are required for the development
of full host response tbacterial challengéCarrigan et al., 20105LPs isolated from
ribotype 001 did not induakie MyD88-independent signalling pathwaia IRF3 (Ryan

et al., 2011)IRF3 is central for the inductioof IFN-b andthe balance between-12,

IL-23 and 11-27 production is strongly dependent on IRF3. The production-&Pland

IL-23 cytokines directly influence the development of Thl and Th1l7 cells respectively
and the ensuing immune response is theeefdfected by the subset of T cell induced
This may bdavourablein the contekof auteimmune inflammation but deleterious for
the hostin the @ntext of bacterial infectiofiYsebrant de Lendonck et al., 2014; Zhu et
al., 2010) Studies have shown the importance of IRF3 and type | IFNs in the

modulation of host defenceind bacterial clearaac(O6 Connel | et al
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Additionally, the production iad signalling of type | IFN is required for LP$duced
IL-10 upregulation(Chang, Guo, Doyle, & Clmng, 2007)

Given the differences in clinical symptoms between strainS.difficile, the aim of

this chapter is to westigate the immune responseSioPs from various ribotypes @f.
difficile. Firstly we will examine the ability o& variety ofC. difficile ribotypes to
induce the maturation of DCSecondly, v will measure catimulatory cell surface
marker expression using flow cytometry amaantify theproduction of key cytokines
using ELISA.It has been previously shown ti&ltPsfrom ribotype00l activate TLR4
signalling therefore we will examine dwnstream signalling of SLPs in Hek
TLR4/MD2/CD14 cells,as they possess intracellular mechanisms necessary for TLR4
signalling.Finally, we will examine MyD88dependent signalling by measuring-NMB
activation and MyD88ndependent signalling by measuring IRF3 activatasing the

luciferasegene reporteassay to measure gene expression.
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3.2 Results
3.2.1 Characterisation of SLPs fro@ .difficile

SLPs were purified from cultures grown anaerobically at 37°C in BHI/0.05%
thioglycolate broth. Cultures were harvested and crude extracts of the SLPs were
dialysed and applied to an anion exchange column attached to an AKTA FPLC. The
pure SLPs were elutedith a linear gradient of-0.3 mol/L NaCl at a flow rate of 4
mL/min. Crude fractions of Sl¥Pand peak fractions corresponding to pure SLPs were
run on 12% SDEPAGE gels, which were then stained with Coomassie bluEigaes

3.21. The gels were imaged and protein bands were examined. Two distinct bands were
seen on the gel, the first HMW band was seen at 44 kDA and the second BNV b
was seen at approximately-33 kDa. The HMW proteins were the same size for each

of the five riboypes However the LMW protein differed between ribotyd&), for
example SLB from RT 005 andRT 001 had a lagy LMW protein compared to the
purified SLP from RT 031, RT 027 andRT 078 Once we confirmed that pure SLPs
were extracted we determined twgal protein concentration using a BCA asq@ge
Appendix B). Previous research in olaboratoryestablished that 20 g L mas the
concentrationof SLPs requiredto evoke amoptimum immune responséRyan et al.,

2011) therefore we used thisoncentrationin experiments thereafter. In ordev t
confirm that activity by SLBwas attributed to the SisRaloneand not an endotoxin
contaminanfrom another bacterial sourc@LAL assay was carried o@see Appendix

B). There was no endotoxin activity detectedcsamples containin§LPs compared to

LPS which was used as a positive control.
3.2.2 SLPsModulateCell SurfaceMarkerExpression olBMDCs.

BMDC maturation iharacterisetdy increased expression of cell surface markers such
asCD40, CD80 and CD8@Higgins «& al., 2003; Lavelle et al., 2003jlow cytometry
was usedto examine the cell surface marker expression on BM@gh were
stimulated with LPS and SLP8MDCs isolated from the bone marrow of BALB/c
mice were differentiated in the presence of G8F fa 7 days and plated at 110
cells/m_. Cells were stimulated with either 100 ng/maBSor 20ug/mL SLPsfrom RT

001 for 18 hoursBMDCs from each treatment group were counted and separated into

76



different staining groups. Thesstaining groups consisted & and fluoresceny
labelled antibodies; Group EJTC rat antimouse CD14, PE rat antiouse CD4&nd
APC hanster antimouse CD11c, and Group B)TC rat antimouse CD86, PE rat anti
mouse CD8@ndAPC hamster arttinouse CD11c.

Firstly, we assessethe viability of cells stimulated with LPS or SLPs from RT 001.
Cells were stained with Pl and analysed within 30 minutes on the BD FACs Aria |.
Viable (Pl negative cells were identified by assessing the dot plofooivard scatter
(FSC) against PI stained BMCs seeFigure 3.22. We gated on the PI negative cells
and found that wstimulated control BMDCs were 75.5% viable, BMDCs stimulated
with LPS were 69.3% viable and cells stimulated with SLPs from RT 001 were 66.8%
viable. Mability was notnotablyaffected by thereatment with LPS or SLPs from RT
001. We also wanted to make sure that we were getting pure BMDC populations, the
integrin CD11cis expressed on the cell surface of BMDCs and is an established
phenotypic marker for pure BMC populationsFigure 3.23 showsdot plots of FSC

and APC hamster antmouse CD11c stained BMDCs.&/Mated on CD1Tccells and
obtained 76073.3% pure populations of BMDCs, this is in line with the average for our

laboratory.

We then examined the expression of CD14 and CD40 cell surface mask&ntswn in
Figure 3.24. Cell surface marker expression was examined by measuring the mean
fluorescence intensity (MFI) of treated cells and comparingnthe stained control
cells. As expectethe expression oCD14 (MFI 1851 V 1098) and CD40 (MFI 989 V
303) were up regulated in BMDCsstimulated with LPS as seerby increased
fluorescenceonpared to the control cell¥he epression ofcD14 (MFI 1469 V 108)
and CD40 (MFI 588 V 303yverealso up regulated in BMDCstimulatedwith SLPs
from RT 001. We then examinedhe expression of CD80 and CD&gll surface
markers,as shown irFigure 3.25. As expectedhe expression o£D80 (MFI 6832 V
1310)and CD86(MFI 1394 V 428)wereup regulated in BMDCstimulatedwith LPS
conpared to the control cell§he expression o£D80 (MFI 2808 V 1310) and CD86
(MFI 465 V428)werealso up regulated in BMDCstimulatedwith SLPs from RT001

as seen biyncreased fluorescencempared to the controls cells.
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We then went on texamine these parameters in response to SLPs from other ribotypes.
Firstly, we gated on CD1Zcells and obtained 705% pure populations of BMDCs see
Figure 3.26. The expression of CD1#as up reguted in BMDCs stimulated with

LPS (MFI 2275 V 2066) and SLPs from RT 005 (MFI 2664 V 2066) and®&RI{MFI

2431 V 2066)as seen hyincreased fluorescenceompared to the control cells
However the eyression ofCD14 was slightly down regulatedn BMDCs stimulated

with SLPs from RT 0Z/ (MFI 1916 V 2066) sed-igure 3.27. In addition the
expression of CD40 was up regulated in BMDCs stimulated with LPS (MFI 860 )V 262
and SLPs from RT 005 (MFI 752 V 262), RT 031 (MFI 868 V 262) and RT 027 (MFI
630 V 262) as seen by an increase in fluorescence compared to the control cells in
Figure 3.28. Furthermore he expression of CD8@vas up regulated in BMDCs
stimulated with LPS (MFI 9186 V 330@nd SLPs from RT 005 (MFI 6516 V 3306),

RT 031 (MFI 7585 V 3306), and RT 027 (MFI 8146 V 3306) as seen by increased
fluorescence compared to the control cellsFigure 3.29. We then examined the
expression o€D86 and found it was also up regulated in BMDCs stimulated with LPS
(MFI 2246 V 1322) and SLPs from RT 005 (MFI 1460 V 1322), RT 031 (MFI 1708 V
1322) and RT 02 (MFI 1838 V 1322) seen by increased fluaesce compared to the
control cells inFigure 3.210.

3.2.3 SLPsInduceCytokine Production inBMDCs

When BMDCs are activated they mature gmmdduceinflammatorycytokines. We used

ELISA to measure cytokines secreted in supernatant of BMDCs stimulated with

LPS and SLPsBMDCs isolated from the bone marrow of BALB/c mice were
differentiated in the presence 6M-CSF for 7 days and plated at 1%t@lls/m_ and
stimulatedwith either 100ng/mL LPS or 20pug/mL SLPs from RT @1, RT 005, RT

031 and RT 027After 18 hours the supernatants were collected and cytokines including
IL-1 b ,-6, IL42p40, I-10, IL-12p70,1-:2 3 and TNFU usmgEeISAne as u |
seeFigure 3.211IL-1 b was pr od usirecdintrad BMDICo Mowédver Wlebl

was produced at higher levetscells stimulated with LPS and SLPs from RT 001, RT

005, RT 031 §00.001) and RT 02 (pO 0.001) conpared to the control cells. SLPs

from RT 0Z produced the most-1 b . -6 wasnot producd in control BMDCs. 11-6

was produced iBBMDCs stimulated with LPSgO 0. 001) and SpOPs fr
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0.001), RTO05pO 0. 001)pO BT O003) @O dO .RIMOoLMIAPpeaf
thatSLPs from RT 031 and RT 027 produced moré ithan cells stimuated withLPS.

IL-10 was not produced in control BMDCs-10 was produced BMDCs stimulated
WithLPSPO 0. 01) and S@EEFDHOLY, RToOASE®R TO .00WA1)pO RT
0.001) and RT 027p00.001), corpared to the control cells. BMDCs stimulatedhw
SLPs from RT 031 and RT @2appeared to produceore IL-10 compared to cell
stimulated with SLPs from RT 001, RT 005 and LRS12p40 was produced &w

levels in control BMDCs however levels of-12p40 was increased in BMDCs
stimulated with LPSg00.001) and SLPs from RTO0p® O0. 001 )pO BRT00Q%
RT03100 0.001) @MODO1R dom@arad’to the control cellhie level of
IL-12p40 induced by SLPs from the various ribotyp@s comparable to the response
induced by LPSIL-23 was nb produced in control BMDCdL-23 was produced in
BMDCs stimulatedwith LPS ©00.001) and SLPs from RT00p® O . 00 1)pO RT
0.001), RT 0310 0. 001) @®MOOLR Gomgazd to the control cellie

level of IL-23 induced by SLPs from thearious ribotypesvas comparable to the

(

(

responseinduced by LPS. NFU was produced at l ow | ev

Howeverlevels of TNF Qvereincreasd when BMDCswere stimulated with LPSpO

0.01) and SLPs from RT00p@® O. 01 ) pO ROT. 000015} (p® RTO003)1 anc

027 (pO 0.001), compared to the control cells. Gkine production induced by SLPs
from the various ribotypewas also comparable to the responswluced by LPSIL-
12p70 was not produced in control BMDCs.-1Rp70 was produced in BMDCs
stimulated with LPSgO 0. 001) and SLPs pd r0o.nd ORIT)pd ORLT,
0.001) and RT 027p00.001), corpared to the control cells. BMDCs stimulated with
SLPs from RT031 appeared to producaore 1L-12p70 thercells stimulated with LPS

and SLPdrom the various ribotypes.
3.2.4 SLPsfrom RT 027ActivateNF-a B #R#3l

It waspreviously shownn our laboratoryhat SLR from RT 00lactivate immune cells
through TLR4 and induceNF-a Bsignalling downseam of this, however it failso
induce IRF3 signaling (Ryan et al, 2011) Given the diffeence observed in the
immune resporesto SLPs from different ribopes, we wanted to determine if there
were any differences in thactivationof transcription factorsHek TLR4/MD2/CD14
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cells were used to assess the activatiolNBfe B a n dvialTIHRE By measuring
gene expressiowia firefly and renilla luciferase activityHek-293 cells do not express
TLR4 and they were used in this study as an internal cofirstly, we carried out a

time course experiment on HEK.R4/MD2/CD14 cells stimulated with LPS over
multiple time points during an 18 hour period to identify thgimal time point to
examineNF-a Band IRF3 signalling, seEigure 3.212. The HekTLR4/MD2/CD14

cells were transfected witkeither NFe B (1@ Or IRF3 fused downstream of yeast
GAL4 DNA binding domain known apFA-IRF3 (30ng) with pFRregulated firefly
luciferase (60ng). Both sets of plasmid DNA were -tansfected with constitutively
expressed TK renilla luciferase (8). Post transfection cells wesgimulated with 100
ng/mL LPS. Lysates were generated and assayed for firefly @milla luciferase
activity, wherethe TK renilla luciferase plasmid was used to norsgfor transfection
efficiency in all experimentdNe showthat the expression &fF-a Bncreased 2 fold

after 4 hoursexpression increased steadily over time and reached 8.5 fold at 12 hours
which was maintained at 18 hours. The expression of IRF3 followed a similar pattern
where expression increased Bl after 4 hoursthis steady increased over time and
reached 8.1 fold after 18 houtt.-8 and RANTESalso known as Chemokine {C
motif) ligand (CCL5) are indicative dfiF-a Band IRF3 signalling respective(in et

al., 1999; Mukaida, Okamoto, Ishikawa, & Matsushima, 1994¢refore we measured
humanIL-8 and RANTES expression from the cell supernatants using ELISA see
Figure 3.213. IL-8 was secreted after 4 hours and steadily increased over time until 12
hours where it reached 7700 pg/mL whighs maintained after 18 hours. RANTES
secretion was low between8& hours, it increased slightly at 12 hours however 50
pg/mL was reached at 18 hours. The 18 hour time point was chosen for experiments

thereatfter.

We first examined the expression of NB and IRF3 in HeKTLR4/MD2/CD14 and
Hek-293 cells stimulated with 100 ng/mL LPS and 20 ng/mL SLPs from RT 001 see
Figure 3.214. Cells stimulated witt.PS induced the expression of 8FB .0 ®ld (pO
0.001) inHek TLR4/MD2/CD14 cells compared tthe control cells. Cells stimulated
with SLPs from RT 001nduced the expression of NFB .0 ®ld (pO0.01) inHek
TLR4/MD2/CD14 cells compared to control celBells stimulated witl.PS induced

the expression of IRF3.®fold (pO0.001) inHek TLR4/MD2/CD14 cells compared to

80



control cells. SLB from RT 001 did not induce the expression of IRF3 Hiek
TLR4/MD2/CD14 cells There was no expression of MFB o r  HdR-B9B cellsn

when stimulatedwith either LPS or SL®as expect# sincethey do not contain the
machinery for TLR4 signallingThe profile at gene level wadsoreflected in cytokine
production. We measurdtumanliL-8 and RANTESusing ELISA sedrigure 3.215.

There were low levels of H8 produce by the controHek TLR4/MD2/CD14 cells,

however -8 production was increased when cells wstienulatedwith LPS @O

0.001) and SLPs from RT 00p® 0. 01) compar elderetwere lowo nt r c
levels of RANTES produced iHek TLR4/MD2/CD14 cells however RANTES
production was increaseid cells stimulatedwith LPS (PO 0. 00 1) compar e
control cells There waso significant increase in RANTES® Hek TLR4/MD2/CD14

cells stimulated with SLPs from RO01. IL.-8 and RANTESwas not producedh Hek-

293 cells wherstimulatedwith either LPS or SL®Pfrom RT 00las expected.

To this end, it was decided ilavestigate tk expressiorof NF-e Band IRF3in response

to stimulationwith SLPs from the other ribotypes, deigure 3.216. It was shown that

LPSPO 0. 01) and 0® p®GO5)fRTOIMKPCR TO . 0 027 POORI)

and RT 0780 0 .nButedl thd expression of N6 B HekiTLR4/MD2/CD14 cells
compared tacontrol cells. Cells stimulated by SLPs from RZ7 appeared to induce

higher levelsof NF-a Bthan the cells stimulated with LPS. However SLPs from RT

001, RT 014 and RTO078 did not inducethe expression of IRF3 imHek
TLR4/MD2/CD14 IRF3 expression was induced by H@8WLR4/MD2/CD14 cells
stimulated withLPS (pO 0. 001) and interestpOn@dl.Y1pL
compared to the control cells. There was no expression e&d BF or HdR-E3 i n
cells whenstimulatedwith either LPS or SLPs as expectddhe profile at gene level
wasalsoreflected in cytokine production when we measurechaniL-8 and RANTES

using ELISA from cell supernatants seigure 3.217. There werdow levels of IL-8

produced by the contrdiek TLR4/MD2/CD14 cells, howevenL-8 production was
increased when cells westimulated with LPSgO 0. 001), SLPEO fror
0.001), RT 0140 0. 0 0 1 P27 (@ dO . RUR@ré wasanincrease in IL8 when

cells were stimulated with SLPs from RJI78 but it was not statistically significant

There were low levels of RANTES producedHek TLR4/MD2/CD14 cells however
RANTES production was increased wheglls were stimulated with LP$@ 0. 00 1)
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and SLPs from RD27 ©00.05). There was no significant increase in RANTE®&mw
cells were stimulated with SLPs from RT 001, BI4and RT 078 RANTESwasnot
produced, whileminute levels oflL-8 wasproduced inHek-293 cells wherstimulated
with either LPS or SLPs as expected.
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Figure 3.21 SLPsfrom RT 005,RT 027,RT 031,RT 078 and RT 001 contain a
conserved HMW protein at 44kDA and variable LMW band ranging from 35-37
kDA. SLPs werepurified from cultures grown anaerobically at 37°C in BHI/0.05%

thioglycolate broth. Cultures were harvested and crude extracts of SLPs were dialysed
and applied to an amm exchange column attached to an AKT#st protein liquid
chromatographyFPLC). Pure SLPs were eluted with a linear gradient f.8 mol/L

NaCl at a flow rate of 4 mL/minCrude fractions of SLPs andeg@k fractions
corresponding to pure SLPs wernen on 12% SD$PAGE gels which were then
stained with Coomassie blustain. The gels were imaged and protein bands were
examinedBands at 44kDarepresent theIMW proteinandthe bands aapproximately

35-37 kDa represent LMW proteins respectively
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Figure 3.22 BMDCs stimulated with LPS and SLPs fromRT 001 do not notably

affect cell viability. Bone marrow from BALB/c mice wassolated andBMDCs
differentiated in the presence of G®BF for 7 days. Cells werelgped at 1x10

cells/mL and stimulated with 100 ng/mL of LPS or 20 pug/mL SLPs from RT 001. After

18 hours, cells were stained with Propidium lodide (PI) and cells were analysed within
30 minutes on the BD FACs Aria |. Data was analysed using Flowjo seftDat plot
showing forward scatter (FSC) and PI st a
negative viable cells. Profiles are shown for a single experiment however are

representative of three independent experiments
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Figure 3.23 CD11c¢ population of BMDCs range from 7673% when stimulated
with LPS and SLPs fromRT 001.Bone marrow from BALB/c mice wasolated and
BMDCs differentiated in the presence &M-CSF for 7 days. Cells wenglated at
1x1C cdls/mL and stimulatedvith 100ng/mL of LPS or 20ug/mL SLPs fromRT 001
After 18 haurs, cells were stained with fluorescently labelled APC hamstemanise
CD11c. Cells were analysed on the BD FACs Aria | diath was analysed using
Flowjo software Dat plot showing forward scatter (FSC) and APC hamsterraatise
CD11c. Data represents the percentage of BMDCs stained for CPidfiles are

shown for a single experiment howevere representative of thre@dependent
experiments
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Figure 3.24 SLPs from RT 001 modulate the expression of CD40 and CD14 on
BMDCs. Bone marrow from BALB/c mice wasolated andBMDCs differentiated in
the presence dBM-CSF for 7 days. Cells wepated at 1x19cells/mL and stimulated
with 100 ng/mL of LPS or 20ug/mL SLPs from RT 001 After 18 haurs, cells were
stained with fluorescently labelled antibodies FITC rat-amduse CD14, PE rat anti
mouse CD40and APC hamster antnouse CD11c. Cells were analysed on Bi2
FACs Aria | anddata was analysed using Flowjo softwabells were gated on the
CD11¢ BMDC population Histograms represettte mean fluorescent intensity (MFI)
of conjugatedd) CD14 andB) CD40, with unstained cellg(ey) overlaid with control
cells (blue line) and stimulatedells (red line).MFI values on the histograshowthe
stimulatedcells (red) and the controlcells (blue). Profiles are slwn for a single

experiment howeveare representative of threelependenéxperiments
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Figure 3.25 SLPs from RT 001 modulate the expression of CD80 and CD86 on
BMDCs. Bone marrow from BALB/c micevasisolated andBMDCs differentiated in
the presence dBM-CSF for 7 days. Cells wepated at 1x@° cells/mL_ and stimulated
with 100 ng/mL of LPS or 20ug/mL SLPs from RT 001 After 18 haurs, cells were
stained with fluorescently labelled antibodies FITC rat-amduse CD86, PE rat anti
mouse CD80and APC hamster antnouse CD11c. Cells were analysed the BD
FACs Aria | anddata was analysed using Flowjo softwabells were gated on the
CD11¢ BMDC population Histograms represettte mean fluorescent intensity (MFI)
of conjugatedd) CD86 andB) CD80, with unstained cellg¥ey) overlaid with contrb
cells (blue line) and stimulatezklls (red line).MFI values on the histograshowthe
stimulatedcells (red) and the controlcells (blue). Profiles are slwn for a single

experiment howeveare representative of threelependenéxperiments
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Figure 3.26 CD11¢ population of BMDCs range from 70-75% when stimulated

with LPS and SLPs fromRT 005,RT 027 andRT 031.Bone marrow from BALB/c
mice wasisolated andBMDCs differentiated in the presence @M-CSF for 7 days.
Cells wereplated at 1x19cells/mL and stimulateavith 100ng/mL of LPS or 2Qug/mL

SLPs from RT 005, RT 031 and RT O027After 18 haurs, cells were stained with
fluorescently labelled APC hamster antouse CD11c. Cells were analysed ba BD
FACs Aria | anddata was analysed using Flowjo softwdb®t plot showing forward
scatter (FSC) and APC hamster anttuse CD11c. Data represents the percentage of
BMDCs stained for CD11cdProfiles are sbwn for a single experiment howevare
repregntative of threendependenéxperiments
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Figure 3.27 SLPs from RT 005, RT 031 andRT 027 modulate the expression of
CD14 on BMDCs. Bone marrow from BALB/c mice was isolated and BMDCs
differentiged in the presence of GKISF for 7 days. Cells were plated at 1%10
cells/mL and stimulated with 100 ng/mL of LPS or 20 pg/mL SLPs fRmM005, RT

031 and RT 027. After 18 hours, cells were stained with fluorescently labelled
antibodies FITC rat antnouse CD14 and APC hamster antiouse CD11c. Cells were
analysed on the BD FACs Aria | and data was analysed using Flowjo sof@edie.
were gated on the CD11cBMDC population. Histograms represettte mean
fluorescent intensity (MFI) of conjugated CD14 hvitinstained cells (grey) overlaid
with control cells (blue line) and stimulated cells (red line). MFI values on the
histogram show the stimulated cells (red) and the control cells (blue). Profiles are
shown for a single experiment however are represeatativ three independent

experiments.
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Figure 3.28 SLPs from RT 005, RT 031 andRT 027 modulate the expression of
CD40 on BMDCs. Bone marrow from BALB/c mice wassolated and BMDCs
differentiated inthe presence of GNLSF for 7 days. Cells were plated at 1%10
cells/mL and stimulated with 100 ng/mL of LPS or 20 pg/mL SLPs fRRmM005, RT

031 and RT 027. After 18 hours, cells were stained with fluorescently labelled
antibodies PE rat anthouse CD40 ah APC hamster antnouse CD11c. Cells were
analysed on the BD FACs Aria | and data was analysed using Flowjo sof@edise.
were gated on the CD11cBMDC population. Histograms representhe mean
fluorescent intensity (MFI) of conjugated CD40 with unstdircells (grey) overlaid
with control cells (blue line) and stimulated cells (red line). MFI values on the
histogram show the stimulated cells (red) and the control cells (blue). Profiles are
shown for a single experiment however are representative oé tim@ependent

experiments.
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Figure 3.29 SLPs from RT 005, RT 031 andRT 027 modulate the expression of
CD80 on BMDCs. Bone marrow from BALB/c mice wassolated andBMDCs
differentiated in the presea of GM-CSF for 7 days. Cells werplated at 1x19
cells/mL and stimulatedvith 100 ng/mL of LPS or 20ug/mL SLPs from RT 005, RT
031 and RT 027 After 18 haurs, cells were stained with fluorescently labelled
antibodies PE rat anthouse CD80and APC hamger antimouse CD11c. Cells were
analysed on the BD FACs Aria | amhta was analysed using Flowjo softwatells
were gated on theCD11¢ BMDC population Histograms representhe mean
fluorescent intensity (MFI) of conjugated CD80 with unstained cejifey| overlaid
with control cells (blue line) and stimulatezklls (red line). MFI values on the
histogramshow the stimulatedcells (red) andto the controlcells (blue). Profiles are
shown for a single experiment howevere representative of thre@dependent

experiments
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Figure 3.210 SLPs from RT 005,RT 031 andRT 027 modulate the expression of
CD86 on BMDCs. Bone marrow from BALB/c mice wassolated andBMDCs
differentiated in the presence G&M-CSF for 7 days. Cells werplated at 1x19
cells/mL and stimulatedvith 100 ng/mL of LPS or 20ug/mL SLP from RT 005, RT
031 and RT 027 After 18 haurs, cells were stained with fluorescently labelled
antibodies FITC rat antnouse CD8&ndAPC hamster iti-mouse CD11c. Cells were
analysed on the BD FACs Aria | amthta was analysed using Flowjo softwatells
were gated on theCD11¢ BMDC population Histograms representhe mean
fluorescent intensity (MFI) of conjugated CD86 with unstained ceifey| overlaid
with control cells (blue line) and stimulatezklls (red line). MFI values on the
histogramshow the stimulatedcells (red) and the controlcells (blue). Profiles are
shown for a single experiment howevare representative of thre@dependent

experiments
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Figure 3.211 SLPs from RT 001, RT 005, RT 031 and RT 027 induce the
production of murine IL-1 b -6, IU-12p40, IL-10, IL-2 3, T NF Ul2@@®id | L
BMDCs. Bone marrow from BALB/c mice was isolated aBMDCs differentiated in

the presence dBM-CSF for 7 days. Cells wepated at 1x19cells/m_ andstimulated

with 100ng/ml of LPS or 2Qug/mL SLPs from RT001, RT 005, RT 031 and RT 027.
Supernatants were recovered after b8rsi and assessed for levels of cytokines using
ELISA. The resultsshow the meaift SEM) measured in triplicate, ongay ANOVA
followed by NewmarKeuls analysis was used ttetermine if differences between
treatment groups were significantly different compared to the control, wh#e *0 . 0 5 ,

* nO 0.01 pOn@001* Fheé results are indicative of three independent
experiments.

93



A) NF-kB
101

m Bl LPS
2
w89
z
T gl
put 6
=
©
£
T 2
o
s
0-
& & & & &
QO QO X QO QO
W © > r{lx \‘,b
B)
IRF3
101
0
r 9
©
c 6
©
S 4
e}
£
S 24
(]
L
0-
2 S & o &
DI R SO

Figure 3.212 Time course analysisshows that the optimal time point is afterl2
hours for examining the expressionof NF-e B a n d | RF3 express
TLR4/MD2/CD14 cells stimulated with LPS. Hek TLR4/MD2/CD14 cells were
plated at 1x19 cells/mL and allowed to adhere for I®urs to approximately 80
confluency The cellswere then transfected withA) NF-a B ( 8 B) pRAgIRF3
(30ng) and pFRregulated firefly liciferase (60hg). Both sets of plasmid DNA were-co
transfected with constitutively exgssed TK renilla luciferase (2@). 1218 hours post
transfection cells werstimulaed with 100ng/mL of LPS for4, 6, 8, 12 and 18 hours
Lysates were generated and assayed for firefly and renilla luciferase adthatyK
Renilla luciferase plasmid was used to normalize for transfection efficiency in all
experimentsThe resultsshowthe mean+ SEM) measured in triplicate and the results

are indicative of three independent experiments.
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Figure 3.213 Time course analysisshows 18 hours is the optimal time dr
examining the expressionof human IL-8 and RANTES expression in Hek
TLR4/MD2/CD14 cells stimulated with LPS Hek TLR4/MD2/CD14 cells were
plated at 1x19 cells/ml and allowed to adhere for I&urs to approximately 80
confluency The cellswerethentransfected witiNF-e B ( 8 0 n-tRF3 (30ng) p F A
and pFRregulated firefly Uciferase (60ng). Both sets of plasmid DNA were -co
transfected with constitutively exggsed TK renilla luciferase (2@). 1218 hours post
transfection cells werstimulatedwith 100ng/mL of LPSfor 4, 6, 8, 12 and 18 hours
Supernatants were recovered and level#\)oiL-8 andB) RANTES were measured
using ELISA.The esultsshow the meartt SEM) measured in triplicate. The results

are indicative of three independent experiments.
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Figure 3.214 SLPs from RT 001 activates NF@e B b u't It does not
downstream of TLR4. Hek TLR4/MD2/CD14 cells orHek-293 cells were plated at
1x10 cells/mL andallowed to adhere for 1Bours to approximately 8@ confluency

The cellswerethentransfected wittA) NF-e B ( 8 B) pFA-RF3 (30ng) and pFR
regulated firefly Uciferase (6Ghg). Both sets of plasmid DNA were-t@nsfected with
constitutively expessed TK renilla luciferase (28y). 1218 hours post transfection
cells werestimulatedwith 100ng/mL of LPS or 20ug/mL SLPsfrom RT 001 for 18 hr.
Lysates were generated and assayed for firefly and renilla luciferase adthatyK

Renilla luciferase plasmid was used to norsealior transfection efficiency in all
experiments The esultsshow the mear(z SEM) measured in tripcate, oneway
ANOVA followed by NewmarKeuls analysis was used to determine if differences
between groups were significantly different compared to the control, whae *0 . 0 5 ,
* npO 0.01 pOhdO.*0*0*1 . The results are ind

experiments.
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Figure 3.215 SLP from RT 001 activates NFe B bdo tnot activate IRF3
downstream of TLR4. Hek TLR4/MD2/CD14 or Hek293 cells were plated at 1x10
cells/mL and alowed to adhere for 18ours to approximately 86 confluency The
cellswerethentransfected witiNF-a B ( 8 0 n-IRF3 (3@mrg) apdHpRRegulated
firefly luciferase (60ng). Both sets of plasmid DNA were -tansfected with
constitutively expessed K renilla luciferase (20ng). 1218 hours post transfection
cells werestimulatedwith 100 ng/mL of LPS or 20ug/mL SLPs from RT 001 for 18

hours Supernatants were recovered and levelsafianA) IL-8 andB) RANTES were
measured using ELISAThe esultsshow the mearft SEM) measured in triplicate,
oneway ANOVA followed by NewmasKeuls analysis was used to determine if
differences between groups were significantly different compared to the control, where
*pO 0. @6, 0*01 pan@. 0. The results are |
experiments.
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Figure 3.216 SLPs from RT 001, RT 014, RT 027 andRT 078 activate NFa B .
SLPs do not activate IRF3 with the exception of SLPs fromRT 027. Hek
TLR4/MD2/CD14 cells oHek-293 cells were plated at 1X6ells/mL andallowed to
adhere for 1&ours to approximately 88 confluency The cells werghentransfected
with A) NF-a B ( 8 B) pFAgRF3 (30ng) and pFRregulated firefly luciferase (b
ng). Both sets of plasmid DNA were -t@nsfected with constitutively ergssed TK
renilla luciferase (20g). 1218 hours post transfection cells westemulatedwith 100
ng/mL of LPS or 20ug/mL SLPs from RT 001, RT 014, RT 078 and RT 023r 18
hours Lysates were generated and assayed for firefly and renilla luciferase actnaty.
Renilla luciferase plasmid was used to norsealior transfection efficiency in all
experiments The esultsshov the mean(x SEM) measured in triplicate, ongay
ANOVA followed by NewmarKeuls analysis was used to determine if differences
between groups were significantly different compared to the control, wha®e *0 . 0 5 ,
* pO 0.01 pOhdO.*0*0*1 . Tréh mdicative sofi threes independent

experiments.
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Figure 3.217 SLPs from RT 001, RT 014, RT 027 and RT 078activate NFa B
downstream of TLR4. SLPs do not activate IRF3 downstrea of TLR4 with the
exception of RT 027. Hek TLR4/MD2/CD14 cells or HeR93 cells plated at 1x£0
cells/mL and allowed to adhere for 1Bours to approximately 86 confluency The
cellswerethentransfected witiNF-s B ( 8 0  n-IRF3 (3@ng) apdpRRegulated
firefly luciferase (60ng). Both sets of plasmid DNA were -tansfected with
constitutively expessed TK renilla luciferase (28y). 1218 hours post transfection
cells werestimulatedwith 200ng/mL of LPS or 20ug/mL SLPs fromRT 001, RT 014,
RT 027 and RT 078or 18 hours Supernatants were recovered and levelsuohanA)
IL-8 andB) RANTES were measured using ELISAhe resultsshow the mearft
SEM) measured in triplicate, oneay ANOVA followed by NewmarKeuls analysis
was used to determiné the difference between groups were significantly different
compared to the control, wher@® 0. @6, 0 *0 1 p@n@. 00 F. The

indicative of three independent experiments.
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3.3 Discussion

C. difficile is a grampositive, spordorming, rod shaped anaerobic bacteriumhat
causes a range of gastrointestinal diseases knov@bbag¢Bartlett, 1994; Fagan et al.,
2009; Kachrimanidou & Malisiovas, 201Dl is characterisd by tissuenjury and an
acute intestinainflammatory responsehereboth pathogen and host play a major role
in disease pathogenedsi. difficile toxins cause dect injury to the intestinal epithelium
leading toa robust host inflammatory respor{& Feghaly et al., 2013Approximately
15-25% of all cases of antibioti@ssociated colitiare caused bg. difficile andpatients

with severe diseasbhave elevatedfaecal IL-1 p and IL-8 (Solomon, 2013; Steiner,
Flores, Pizarro, & Guerrant, 19971. difficile has been one of the most intensively
typed pathogenand b date ther@re more than 100 distinguishable ribotyf@awson

et al.,, 2009; Stubbs et al., 1999 study carried out by Ni Eidhin et al2q06
sequenced thelpAgeneand flanking DNA fromC. difficile isolated from patients intS
Jamesos Hospital, D-mbonthi periodl The Imash drequentye r
occurring ribotypes found in this study were 001, 012 and(B1Eidhin et al., 2006)
There isevidencen the literature whictsuggest that C. difficile is evolving to occupy
niche hospital populations and there has been rapid worldwide spread of ribotypes 027
and 078 Dawson etl., 2009)

We had access to ribotypes 001, 005, 027, 031, 078 and 014 in this study. Evidence
from the literature suggests thaibotype 031 does not produce toxins and cause less
severe infection, clinical outcomes range from asymptotic colonisattormitd
diarrhoea. In comparison ribotype 014 and 005 produce both toxins and are considered
toxigenic, clinical symptoms range from mild to severe diarri{@&ob et al., 2015)

Some ribotypes are moeh y per vi r ul eribatype O27haadn078ave heenr s ,
associated withmore segere diarrhoea, higher mortality and moreoccurrences
compared to ribotype 001 which is associated with a milder infe(@itements et al.,

2010; Dawson et al., 2009; Goorhuis et al., 2007; Loo et al., 2B9B)ence from the
literature has shown thabotype 027 induces more segeolitis and tissue injury than

any other ribotype examined s far (Yakob et al., 2015)ncreasedvirulence might be

due to genetic mutations todC a toxin regulator gendeading tohyperproduction of

toxins A and B(Barbut et al., 2007)Ribotype 027 also produces a binary toxin
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associted with severe diarrhoea andalates from recent epidemibsve shownthis
ribotype acquired a resistance tbuoroquinolonescommon antibiotics used to treat
CDI (Cartman, Heap, Kehne, Cockayne, & Minton, 2010ptudies carried out in a
human gut model found that ribotype 027 germinates meaglily, remains in a
vegetative form and produced cytotoxin for substantially longer than ribotype 001
(Freeman, Baines, Saxton, & Wilcox, 200&)Canadian study showed that the 30 day
mortality rate for patients with ribotype 027 CDI was twibat for those infected with
ribotype 001(Labbé et al., 2008)

C. difficile expreses a crystallineS-layer encoded by thelpA gene, he product of
which is cleaved to give two mature peptides which associate to form (Ayesisllo et

al., 2006; Ni Eidhin et al., 2006) heselayers arecommonly known as SLPs and are
found on the outer surfacd @. difficile, facilitating interaction with the host enteric
cells (Fagan et al., 2009HMW proteinsare highly conservedcrossstrains, while the
LMW proteins demonstrates congdhble sequence diversity, and the latter have also
been shown to be the dominant antigémudy et al., 2004; Ni Eidhin et al., 2006;
Sharp & Poxton, 1988)Research from our laboratory has shown that Stt&s
ribotype 001 carinduce the maturation ofBMDCs and the response this elicits is
comparable to that of LP@&Ryan et al., 2011} PS is awell-known TLR4 agonistthat
activates both N B and | RF@kashiegal,a2008;i Targ Kawai & Akira,
2007; Laird et al., 2009)However while SLPs from rbotype 001 activate NB B
through TLR4 signallingthey fail to induce IRF3 signallingSLPsfrom ribotype 001
canactivatepro-inflammatorycytokines and chemokines innaurine macrophage cell

line with an increase in cell surface marker expression, esdaphagocytosis and
migration (Collins et al, 2014) Therefore SLPs from ribotype 00tan activate innate

and adaptive immunity, suggestiag important role for SLP& the recognition ofC.
difficile by the immune system and possible bacterial clearé@okins et al., 2014;
Ryan et al., 2011)The goal of this chapter was to investigate the immune response of
SLPs from warious ribotypes o€. difficileand to examineN®e B and | RF3 si
particularly, to see if there were any differences in signalling that could account for the

differences in clinical symptoms between differing ribotypes.
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BMDCs are known as the sentinels of the immune system and play an esséatial ro
deciding when to mounthe appropriate immune response, by sampling their local
environment forantigens to present to T lymphocytéBanchereau & Steinman, 1998
which require MyD88dependent signals during infecti¢g@hieppa, Rescigno, Huang,

& Germain, 2006; Niss et al., 2005)BMDCs have traditionally been defined by
phenotypicmarkers, such as themession of the integrin CD11m the cell surface sa

well asotherfunctional characteristicHelft et al., 2015)BMDCs are relatively short

lived andthey are continuoly replenished from bone marrow, blbor tissue derived
precursorgLaar, Coffer, & Woltman, 2012)The first part of this study was to isolate
and grow BMDCs from bone marrow in the presence of-G8&F, a welknown
stimulus for driving murie BMDC formationin vitro (Inaba et al., 1992Before each
experiment we assessed the cell surface of the BMDCs for the presence of tiie integ
CD11c using flow cytometrylow cytometry allows cells in solution to be individually
analysed by focusing a stream of cells through a laser, one cell at a time. Specific cell
surface markers can be targeted and analysed using monoclonal antibaogligated

to flurochromeswhich absorb and emit light specific wavelength@Herzenberg et al.,
2002) Our data shows we isolated pure BMDC populations as they expressed CD11c
on the surface and we were able to gate on these cell populations to look at other cell
surface markers when we stimulated BMDCs with SLPs fiilmenvarious ribotypes of

C. difficile.

BMDC maturation ixharacterisethy increased expression of cell surface markers such
asCD40, CD80 and CD8gHiggins et al., 2003; Lavelle et al., 2008)-receptors are
molecules on the surface ofcElls that send signals tdrive cell activation, without
these signals they may beconnareactiveor die by programmed cell death. The main
co-receptors for Icell activationare CD80, CD86 and CD4@hich bind to CD28,
Cytotoxic T-lymphocyte Associated protein 4(CTLA-4), and CD40 ligands
respectivelyon the Fcell. Activated BMDCs are the madspotent stimulators of naive
T-cdls (Janeway, Travers, Walport, & Schlomchik, 2001; Parkin & Cohen, 2001;
Sharpe & Freeman, 2002rD14 was the fst identified PRR that ound directly to

LPS (Wright et al., 1990and is known to chaperoh#S molecules to the TLRKID2
signalling complex(da Silva Correia, Soldau, Christen, Tobias, & Ulevitch, 2001;
Gioannini et al., 2004; Moore et al., 200Q@ur flow cytometry data showthat SLPs

102



from ribotypes 001, 005, 031, 027 induc®&D, CD86 and CD40 expression tre
surface of BMDCs.The expression o€D14 was induced by LPS and SLPs from
ribotypes 001, 00and 031, howeveBMDCs stimulated with SLPs from ribotype 027
exhibitedslightly lower CD14 expression compared to the control c€l314 sits at

the apex of all cellular responses and functions to induce an innate immune trafficking
cascade that invods the transpt of both TLR4 and its ligan(Zanoni et al., 2011)it

is possiblethat ribotype 027 utilises thagight down regulation of CD14 to delay the
innate immune trafficking cascade in ordeet@de the host immune resporSar data
confirms the results previously seen with SLPs from ribotype 001 and we show that
SLPs from ibotypes 005, 031, 027 induce BMDC maturation in a sinmianney the
response seen is also comparablde response by LPS.

Maturation of BMDCs are also characteridgdhe production of cytokines such as IL
12p70,T N F ;23 and I1-6. Cytokines plg a central role in the modulatiorf the
immune system anchéy can have pro-inflammatory or antrinflammatory functions
(Gerhard & Andus, 19980ur data demonstratdbat SLPs from ribotypes 005, 031
and 027 induce the prodimn of IL-12p40, 12 3 TNF U-6 mrBMDCktb a
similar level tothat of LPS and in a similar way to SLPs from ribotype 001. Th&2IL
family of cytokines which include H23 and I-:12p40 play a major ra in the
inflammatory respons@arkin & Cohen, 2001)T N Fdlso acts oMDCs, promoting
migration to the lymph nodes where an adaptive immune response gatiabed and

it has also been shown to indus&cterial clearancéBekkeret al, 2000) IL-6 plays a
crucial role in the differentiation of BMDCs and is iamportantmodulator tomaintain
the balance between Thl and Th2 effector functidego et al., 2003; Yao et al., 2014)
Both IL-6 and 1-23 are required to drive Th17 respses and Th1l7 cells have a role in
the clearance of bacteria from the gkihader, Gaffen, & Kolls, 2009Zhang, Clarke,

& Weiser, 2009) It has been shown previously that SLPs can induce the production of
pro-inflammatory cytokines in immune ets such as BMDCs, monocytes and
macrophagé€Ausiello et al., 2006; Bianco et al., 2011; Calabi et al., 2Q@#ljns et al.,
2014; Madan & Petri Jr, 2012; Ryan et al., 2011; Vohra & Poxton, Zdi®}hedata
presented in thishaptersupports these claims
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However,our findingsshow differences in the potencytbe immuneesponse between
ribotypes,with regad to the induction of IL1 b , -12p70 and 1E10 in BMDCs which

has not yet been reported in the literat@ar data shows th&8MDCs stimulated with
ribotype 027 and 031 appeared to produce mof&blL t BMDCs stimulated with
LPS and SLPs from the othebotypes examined in this study.-1 b 1 s an i mp
pro-inflammatory mediator that is generated at sites of injury or immunological
challenge(Schroder & Tschopp, 2010)L-1 bhas also been shown to be critical in
bacterial infection and clearanirevivo (Miller et al., 2014) Our dataalsodemorstrates
thatBMDCs stimulated wittSLPs from ribotypes 00831 and 02producedL-12p70

to a similarlevel as the response induced IyS. HoweveBMDCs stinulated with
SLPs from ribotype 001 appearedto produce much less 112p70 thanBMDCs
stimulated with LPS and the other SLPs examined in this studi2p70 part of the
IL-23 family helps induce TFcels to differentiate intoThl cells thusaiding the
inflammatory respons@arkin & Cohen, 2001)Our dataalso shows that SLPs from
ribotype031 and 02Appearedo produce more H10 in BMDCs, compared to BMDCs
stimulated with LPS and SLPs from the other ribotypes in this stud¥0 is an anti
inflammatory cytokine that inhibits MHC class |l and-stimulatory molecules on
monocytes and magphages. IELO0 limits the production of pranflammatory
cytokines including IE1 b, -6, lILEL 2 , TNFU and chemeki nes
RANTES, IL-8 and MIR2 (Lee & Kim, 2007; Williams et al., 2004yhe productiorof
andsignallingby type | IFN is required for LP#iduced 11-10 upregulation(Chang et

al., 2007) STAT3 is an important player mediating the anflammatay effect of IL-

10, studies have shown th&at10 production is abolished BTAT3 -/- mice (Takeda et

al., 1999) STATS3 is activated byhe IL-23 family of cytokines we know from the
literature that the production tte IL-23 family of cytokinesis strongly deprdent on
IRF3 (Goriely et al., 2008; Molle et al., 2007)

During infection IL-10 inhibits the activity of Thl cells, NK cells and macrophages
(Couper, Blount, & Riley, 2008), all which are required for optimal pathatgarance
(Andoh et al., R07). The absence of HLO can be accompanied with
immunopathological tissue damage that is potentially harmful to the host, whereas
excessive IE10 productionalways results in chronic infectious diseases caused by less

clearance of pathogens (Lin et &013).Furthermoreother organismsuch asBrucella
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abortus and Mycobacterium tuberculosibave been showto utilise IL-10 to avoid
clearancen host cellsand mediate long term infectiqRRedford, Mur r ay , & 006G
2011; Xavier et al., 2013}t is possible that the ability of ribotype 027 to induce-pro
inflammatory tissue damaging responses andiafidmmatory responses is beneficial

for the pathogen. Ribotype 02Z%uld increasetissue damageo potentially invade
deeper into the guesulting ina morepersistent diseasghile switching off powerful
immune cell responseRibotype 001 on the other hand induces a less potent
inflammatory responseThe ability of SLPs from certain ribotypes to uwd ant
inflammatory responses and others to induce more potenbflammatory responses
may account for the variability of symptoms and severity of disease experienced by
patients who contra@. difficile.

We have previously shown that SLPs from tyijpe 001 activate TLR4Ryan et al.,
2011) TLR4 initiates downstream ganalling which in turn activatellF-aB and IRF3

via MyD88-depemient and-independent pathway#kira & Takeda, 2004)Activation

of the MyD88dependant pathway is mainly an event initiated at the plasma membrane
while induction of IRB via the MyD88 independent pathway is dependent on the
endocytosis of TLR4 and requires the presence of CD14 and subsedirifitlidiang

et al, 2005; Kagaret al, 2008) IRF3 inducetype | IFNswhich havean important role

in bridging innate and adaptive immunity hediating the induction of estimulatory
molecules on antigepresenting cellsn response tgathogen associated molecules
(Hoebe & Beutler, 2004)Both MyD88dependent anithdependent mechanisms are
required for the development of full host responsedcterial challenge and LPS can
activate bothNF-e B and | RF 3 s i (Ganrigdn letiah, 01@Gavenhtive a y
similarity of the response of SLPs from ribotype 001 with LPS and the induction of DC
maturation,it was not surprising to us thtte response activatdd_R4 signalling with
downstream activation of p38 and MFB s i g(fdllihsl et ah,2014; Ryan et al.,
2011) What was surprising was SLPs from ribotype 001 did not induce IRF3 signalling
(Ryanet al, 2011)

The next part of this study was to investigdt¢here were differences between SLPs
from the differentibotypesin signalling downstream of TLR#e used HEK293 cells

which were stably transfected with TLR4, MD2 and CD14 receptors on the surface as
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these cells have the machinery necessary for TLBdaking. The luciferase gene
reporter assagnabled us to examine NFNB  and | RF3 signalling
from differing ribotypes ofC. difficile. Both sets of plasmid DNA were d¢mansfected

with constitutively expessed TK renilla luciferase cstnuct. The utility of an internal
control plasmid is dependent on the fact that the encoded protein is expressed in a
constitutive manner without being inénced by experimental factors and can therefore

be used to normalise the transfection efficie(®hifera & Hardin, 2010)Our data

shows that SLPs from ribotypes 001, 014, 078 and 027 activate BIF si gnal |
downstream offLR4 andwith subsequerproduction of 1l-8. Wealso show that SLPs

from ribotypes 001, 014 and 078 do not induce IREBvation whereas SLPs from
ribotype 027 induced IRF3 signallingvith independent production ®&ANTES by the

cells. Therefore there are key signalling differences between SLPs fibotype 027

which is known to be hypervirulent and other ribotype€ offifficile such as ribotype
001.SLPs from ribotype 027 can induce both-sS B and | RF3 signal | i
from the literature thatctivation of both arms of the TLR4&ignalling pathwayis
required for full bacterial clearance. Yetearanceof ribotype 027 appears more
difficult given the clinical symptoms of CDkven thouf both arms of the TLR4
pathway are activated. It is possible that there is another level of regulation influencing
bacterial clearanceduced by the SLPs from ribotype 0Z1.Ps from ribotype 001 did

not induce IRF3 signalling, this could account for teeuced 1:12p70 and IE10
production in BMDCs as there is a link betweerllL production, 1E12p70 a member

of the IL-23 family and IRF3 expressi@nd thus warrants further investigation

The difference between SLPs isolated from differi@gdifficile ribotypesis the amino

acid sequere changes in the LMW prote{bynch 2014 unpublishell Consequently

this variability in SLPs sequencmay be a important mechanism €. difficile
escaping the host 6s response (. Beggeace |, et
differences could féect the recognition of SL®by the immune system and therefore

may explain why some rstins of C. difficile cause seve infection and have a higher
frequency of reoccurrence and yet others are associated with minimum clinical
symptoms and varyingathology (Ryan, et al. 2011iven the continuing challenge

that C. difficile poses, understanding hatvactivates the imme responsdy either

switching on or off certain arms of the pathway may ultimatelyige insights for
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novel theraes to improve clearance in tEnts and pevent reoccurrence of infection
(Collins et al., 2014; Ryan et al., 2011) has now emerged that TLRathways are

tightly regulated byniRNAs (He et al., 201406 Ne i | | e In theanext ghap@r0 1 1)
we hope to elucidate further differences between miRNA profiles of cells stimulated

with LPS and SLPsia the TLR4 signalling pathway.
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Chapter 4: Profiling the MIRNAS
Induced by SLPs fromC. difficile
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4.1 Introduction

The nflammatory response to infien involves the induction ofeveral hundred
genes, a process that must be tightly regulated to achieve pathogen cleathatéhe
same time avoid caequences ofleregulatedyene expression such as uncoltd
inflammation or cancerSonkoly, Stahle, & Pivarcsi, 2008)The innate immune
response is the first line diefenceagainst pathogenSaneway, 1989}t is initiated by

the binding of microbialligands to membranassociated pathogen recognition receptor
proteins known a$LRs as previoushdescribed in the general introductiMogensen,
2009) Mature microRNAs (MiRNAs) are short double stranded RNA molecules
approximately 123 ntin length hat pair to proteircoding genes. They can block
MRNA translation, reduce mRNA stability or induce mRNA cleavage after imperfect
binding to the mi RNA recognition el ement
(UTR) of target mRNA gene@artel, 2004) MiRNAs havebeen shown to bievolved

in innate immunity by regulatingLR signalling and ensuing cytokine responbg
targeting a variety of signallingroteins, regulatory molecules atrdnscription factors
(Dalal & Kwon, 2010; He et al., 2014; Sonkoly et al., 2008)ey can alsaegulate
central elemesst of the adaptive immune response such as antigen presentacell
receptorsignallingandthe interferon systerfCullen, 2006; Sonkoly et al., 2008)

In recent timesunique MIRNA expression profiles have been described in epithelial
cell s of patients with active ulcerati ve
well as in the peripheral blood of paties wi t h active ul cerat.i
disease(Dalal & Kwon, 2010) There is also mountingvidence that miRNAs
orchestrate immune regulation armbst responses to pathogenuring infection
Bacterial pathogens manipulate cellular functions and utatel signal transduction
pathways and pranflammatory responses through the delivery of effectots host

cells. Each pathogen can use different molecular strategies to subvert the complex
pathways that regulate the hastmune response(Staedel & Darfeuille, 2013)C.

difficile areno different and &y effector molecules have been identified that can drive
towards a potective antinflammatory response or a damagipgo-inflammatory
responsgSolomon, 2013)To date no one has examined miRNgsfiles induced in

response to SLPs fro@. difficile.
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The severity ofC. difficile infection may be dependent on the strain pre@@nbrhuis

et al., 2007; Rupnik etal.,, 2008 ome ri botypes ar e others,e Oh
this is the case with riboty@27 which has been associated withrengevere diarrhoea,

higher mortality and mme recurrence¢Clements efal., 2010; Dawson et al., 2009;
Goorhuis et al., 2007; Loo et al., 200%) comparison infection with ribotyp@01 is
associated with a milder infection arad more efficientclearance of the bacteria
(Clements et al., 2010; Dawson et al., 2009; Goorhuis et al., 2007; Loo et al., 12005)

the previouschapterwe determinedhat SLPs from ribotype 001 and 027 activate NF

aB signalling. SLPs from ribotype 027 ac
while SLPs from ribotype 001 fail to induce this respo@egen the role of miRNAS in

the reglation of TLR4 signalling andduring infection,we hypothesise that SLPs
induce miRNAs and that piites differ between ribtypes, which may explaithe
differences we see isignalling downstream oTLR4 signalling and ultimately the

immune response 1. difficile.

Quantitative RealTime PCR (qPCR is the gold standardor detecting miRNAs
(Schmittgen et al., 2009However, many properties that are unique to miRNA pose
challengedor their accurate detecticand quantification usinthis methodWark, Lee,

& Corn, 2008) Their short lengthmakes it difficult for traditional primers tanneal for
reverse transcriptiorunlike mRNA, mRNA lack a common structureequence, such

as a poly adenylatggboly-A) tail which is typically used for enrichment or as a binding
site for primers. The polyA tail is cleaved by the Drosha/DGCRS8icroprocessor
complex during biogenesi&romak et al., 2013)MIRNAs within a seed farty also
pose difficulties fogPCRas they may only differ from one another by as little as one
nucleotide making specificity of therimer particularly crucial. ®m loop primers
differentiate between mature and pre/pri miRNA as well as miRNA which differ by
only a single nucleotidd his method has shown to have a high specificity and dynamic
range of at least 7 logs and is capable of detecting as few as 8 ocbeduct in a
gPCR eaction(Chen et al., 2005; Kramer, 2011)

Tagman chemisty utilises a oligonucleotide mbe constructed from a fluorgenic
labelled reporter fluorescent dg@d a quencher dyseeFigure 4.11. While the probe

is intact, the proximity of the quencher dye greatly reduces the fluorescence emitted by
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the reporter dye by flwrescence mmnance energy transfer (FRET). the target
sequence is present, the probe anneals downstream from one of the primer sites and is
cleaved by the 5' nuclease activity of Tag DNA polymegsséhis primer is extended.
Cleavage of the probeepaates the reporter dye from the quencher dye, increasing the
reporter dye signaRemovingthe probdrom the target strand, allowysimer extension

to continue tothe end of the template stran@idditional reporter dye molecules are
cleaved from their rgmctive probes with each cycle, resulting in an increase in
fluorescence intensity proportional to the amount of PCR product prodii¢ed.
development ofthis matureTagMan technology has led to an innovative design of
TagmanLow Density Arrays (TLDA), a radium throughput method fgiPCRthat uses

384 well microfluidic cards preloaded with  miRNA primer probes. Applied
BiosystemsE have developed TLDA cards co
miRNAs found in pool A and lesser characterised miRNAs foungool B, thus

enabling the screening of over 756 miRNA targets found in miRBase.

RT primer

miRNA

Step 1:
Stem-loop RT

-
IIIIIIIIIIIIIIIIIIIII ’
cDNA

Step 2: ‘

Real-time PCR

-
\ Forward primer
3=

-
é b Reverse
primer

TagMan probe

Figure 4.11 Stem loop primers for miRNA detection arRICR using TagMan
chemistry(Chen et al., 2005)

The aim of thischapter is to profil@and compareniRNA expressiorinduced by SLPs
from ribotypes001 and 027Initially miRNAs inducedin response t@.PS and SLPs
from ribotype 001 will be screenedusing TLDA cardsto validate our method and
narrow down the target lisThis target list will befurthervalidated using cgstom made

to orderTLDA cards The differences in miRNA profiles betwedhotype 001 an®27

will thenbe examined andalidated n individual Tagman PCR assays in both human

and murine cell lines.
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4.2 Results
4.2.1 Optimisinga Method for ProfilingiRNAs Inducedby SLPsfrom C. difficile

MiRNAs are known taegulateimmune signallingoy targetinga variety ofsignalling
proteins, regulatory molecules, cytokingsnscription factors and TLR receptq@sst
immune stimulatior(He et al., 2014)We hypothesis thatSLPs from RT 001 and RT
027 induce miRNAs and these profiles diff@hich mayexplain thedifferences we see
in TLR4 signalling.To test this hypothesis we had fiost establisha protocol for
detecting miRNAsgPCRis the gdd standard for examining miRNA expressiand
this technology is utilised ifLDA cards TLDA cardsare 384 well microfluidic cards
preloaded with probes for different pools of known homaRNAs found in pool A
and lesser chacterisedmiRNAs found in pool B. Threeendogenoussmall RNA
controlsare included oread of the pool A and B cards, themabling thescreening of
756 miRNAs from each sampleSLPsmodulateTLR4 signalling therefore we wanted
to examine miRNA profiles induced by SLPist TLR4 signalling spcifically, for that
reasonHek TLR4/MD2/CD14 cells were used throughout thigial profiling studes.
We alsoincorporate cells stinulated with LPS in our studys itis awell-known TLR4
agonist that can activate baditF-e B IRF3 signallingand miRNA activation by LPS
has also been reportédkashi et al., 2003; Taro Kawai & Akir&007; Laird et al.,
2009) Evidence from the literature showsat LPS induces miRNAsSNiR-155, miR
125, miR9, thelet7 family, miR-145, miR146a and miRL87 as little aseight hours
post stimulatiorand theyhave been shown toodulate the immune respseand target
key molecules irthe TLR4 signalling pathwayCurtale et al., 2013; Rossato et al.,
2012; Tili et al., 2007)

We first needed to establish the time point we could assess miRNAs actising as

LPS can inuce miRNAsthat modulate the immune resporaselittle as 8 hours post
stimulation Wefirst had to stablish if SLPs from RT 001 & RT 027 could activhiie-

9 B a rSdPs frdm RT 027 could actival®F3 signallingat this timepoint We
measurd IL-8 and RANTES production in Hek TLR4/MD2/CD4 cells stimulated

with LPS and SLPs from RT 001 and RT OZér 8 hours IL-8 and RANTESare
indicative of NFe B and | RF3 si g(iaéthl 199; Mukaslpet a.t | v e

1994) We measured human 4 and RANTES expression from the cell supernatants
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using ELISAseeFigure 4.21. There were lowevels ofIL-8 produced by the control
Hek TLR4/MD2/CD14 cells, however {B production was increased when cells were
stimulated with LPSp O 0. 001) and SpOPH.0DO0AM BTJdORT
0.001) comparedo the control cells. There wetew levels of RANTES produced in
Hek TLR4/MD2/CD14 cells, however production was increased in cells stimulated with
LPS (pO 0.001) a7 d OS LoehPaledl todhe coRrbl céiShere

was no significant increasem RANTES produced in Hek TLRM/D2/CD14 cells
stimulated with SLPs from RT 00Odompared to the edrol cells. In summary SLPs
from RT 001 and RT 027 activated NFB and S RP @27 dctivated IRF3
signalling at8 hours thereforewe decided to profile miRNAs at thisme point
thereafter.

Total RNA was extractedrom cells using theising miRVan& miRNA isolation kit
andwedidsaccor di ng t o man uThiamethadrpesedthe smals t r u c
RNA fraction containing miRNAs and includes the slightbnger endogenousmall
RNA contol sequencesThe RNA was quantifiedfollowing isolation using the
NanoDrop® ND1000 Spectrophotometer. The purity of the RNA b exarmed

by measuring the 26Am and 280nm absorption wavelengths, where RNA with an
A260/A280 ratio between 1.82.1 was considered pure.RNA samples were
subsequently ruon 1% agarose geighere the 28S an@i8S ribosomal RNArRNA)
bands were assessed tmfirm integrity. Two bands were seen on the gel, the first band
waslocated between the 15@D00 bpmolecular markergndicative of the 18S rRNA
band A second bantvice the intensityf the othemwaslocated between the 40@D00

bp moleculamarkersindicative of 28S rRNAand(see Appendix D) Total RNA of

good quality was used exclusively throughout the studies.

cDNA synthesiswith and withoutdownstreanpre-amplification supportsthe analysis

of miIRNA with 1 to 1000 ng starting total RNA, however he manufacturer
recommends downstream gamplification if thestarting prodct is below 350 ngPre
amplification PCR uniformly amplifies desiredcDNA by increasing the amount of
starting templatgNoutsias et al., 2008)The increased amount of starting material
boosts thesensitivity of miRNAs detected without biasing the estimation of miRNA

expression ratigChen et al., 2009)WVe established theptimal quantity of input total
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RNA for our study A preamplificationreactionwith 350 ng total RNAIncreased the
quantity ofstarting templateseen bythe detection of miRNAst earlier cycle number
see Figure 4.22. Once we optimised these conditiome ran Megaplex reverse
transcription reactions (pool A and B), tyoe-amplificationreactions (pool A and B)
and two TLDA cardg4A and B) pe samplefrom three biological replicatefitially we
screeneatontrol samples, samplesmulated with LPS and SLPs from RT 001

4.2.2 TLDA CardAnalysisParameters

Following each run SDS files were exported from the Applied Biosystems 7900HT Fast
Real timePCR machine anthe gPCR data fom pool A and B TLDA cards was
analysed sing ExpressionSuite software. THieorescence thresholdas set td.1 so
that the experimentakonditiors lay within the expnential phase of theCR reacton.
When fluorescence asses this value, the cycle isned the "Threshold cycle" (Ct)
and the higher the Ct, the smaltbe initial amount of DNA. The max Gor analysis
was set to 37.0, anything beyond this Ct was deemed outside the limit of detexction
this study Each asay was preesigned from Applied Biosystefis and assay
efficiency is guaranteed at00%. A proper normalisation strategy is crucfal any
gPCRdata analysisit minimises the effects of systematic technical variations and is a
prerequisite for gettinghneaningful biological changéMeyer, Kaiser, Wagner, Thirion,

& Pfaffl, 2012) For large scale miRNA expr@sen profiling studies global
normalisation out peforms the normalisation strategiessing endogenous controls
(Mestdagh et al., 2009feeing as we generated a large datagksial normalisation
was carried oytthe median Ct of common ssys wasised as the normaliser on a per
sample basisThe nor mal i sed reporter alsoltegrated al ue
into these calculations. Relative gene expression waslculated and Benjamini
HochbergFalse Discovery Rate (FDRyas used to adstp-values.Increasing the
number of tests increases the probability of finding a significartigee by chance and

to avoid this effect th&€ DR adjusts the fwalues according to the number of total tests.
The statistis used in a-test are defined dke diference of the arithmetric meantefo
groups divided by the estimated standard deviation of that differ€heettest statistic
runs under the assumption that thigen variablefollow normal distribution(Goni,

Garcia, & Foissac, 2009; Li, 2012Jherefoe we examined the overall Gtalue
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distribution for each sampl@om the datagenerated from the pool A and B.DA
cardsseeFigure 4.23. The boxplot shows the Ct distribution for each treatment group
with three biological replicates per group. The box costtia middle 50% of the data,
the black horizontal line indicatethe median Cvalue and the black dot denotie
mean Ct. The endf the vertical lines indicatethe minimum and maximum Ct values
and the outliersrethe points outside the ends of thaiskers.The overall Ct values
follow normal distribution thereforeve applieda s t u d etestwbese \alues ofpO

0.05were considered statistically significastmpared with the contrakll group.

4.2.3 Profiling StudiesUsing TLDA CardsRevealedl6 MiRNAs were Offerentially
Regulated irResponse ttPSand SLPs from RT 001

gPCR data analysis revealed48 miRNAs were detected out of the 756 miRNAs
analysed using pool A and B TLDA cards Jeble 4.21, the other miRNAs were not
expressedThere was also no expsegn in the NTCreactions on both A and B arrays
(data not shown)Ct scatter plotshowed there were differences in miRNA profiles
between cells stimulated with LPS and SLPs from RT. W& comparedCt values
betweeneach groupandfound theyfell outside of theregressioriine- indicating they
are rot entirely linearsee Figure 4.24. However n order to fully elucidate the
difference between individual miRNA targets witatistically significant fold changes
the data was ralysed using a volcano plofccording tothe literature there is a
relationship between fdl change and-gtdistics with logarithm transformatioiLi,
2012) Therefore-log;o p-value was plotted againktg, fold change For our studythe
fold change boundary was set to 1.0 ane phvalue boundary was set (.05
mMiRNA targets above thecentral horizontal line hd statistically relevant high
magnitude fold changes.h& top left quadrantlisplayeddown regulatedmiRNAS,
while the top right quadramtisplayed miRNA targets thatvere upregulated

Four miRNAs were differentially regulated in response to LH&e volcano plot
showed thabne miRNA was down regulated m&R8 6 ( p O Ghre@ BIRNAw h i | e
were upregulatethiR-302c¢c (p O -074050)p O md .ADAH3 Oo@pske mi R
Figure 4.25. Twelve miRNAs were differentially regulated response to SLPs from
RT 001.The wlcano plotshowedthree miRNAs were down regulated miR2 93 ( p O
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0.001), miR-4 2 2 a 0.q)pad MR8 7 4 0(0P. ®line MiIRNAs were up regulated
miR-1 2 9 2 0.q9pndR-1 4 8 b 0.G0P, MiR-1 5 2 00, MiR-2 4 0.gHOMIR-
215 00P,0niR3395p 0.p00, MR-432# 005,00 mi RDBPand p O
miR-590 ( p GX05) seeFigure 4.26. In total 16 miRNAshad significantly significant

high magitude fold changes response taPS and SLPs from RU01, a summary of
theseresults aresshownin Table 4.22.

4.2.4 Additional MiRNAs of Interest were Chosen for FurthealdationFollowing a

Review of the Literature andeRexaminatiorof theProfiling Study

We reviewed the literature for miRNAs known to regul&ty elements offLR4
signalling including signalling proteins, transcription factors, dyittes and regulatory
molecules to createa short list of potential miRNAs of interestWe also included
mMiRNAs that are known to be induced by LPS and miRNAs induced danimgmune
response to infectiorThe shortlist compised oflet-7b, let-7c, let7d, let7e, let7e#,
miR-125a5p, MiR132, miR145, miR146a miR155, miR187, miR221, miR-221#,
miR-9 and miR9%#. We thenre-examined the profiling study to see if thiort list of
MiRNAs were present in the initigxperimentalprofiling study seelable 4.23. The
miRNAs identified from the literature werén fact present but were over the
significance valueset in thisexperimentMiR-155, miR9, the let7 family, miR-145,
miR-146a and miRL87 have all been shown to be induced by LPS in the literature
(Curtale et al., 2013; Rossato &t 2012; Tili et al., 2007)Althoughnot significantly
expressed these miRNAs were shown to be induced by LPS in our study, thus validating
our experimental methotlVe also found that there were differencethmexpression of
mMiRNAs between LPS and 8k from RT 00]ltherefoe we decided to includéhe
short list of miRNAs from the literaturtor further analysis The lists 0f16 miRNAs
identified from theexperimentaprofiling study and the short list d5 miRNAs from
the literature were combined andstom TLDA cardscontainingthe now31 miRNAs

of interestwere commissionedlhe endogenous control U6 snRNA was seleated
out performed the two other human small RNAendogenous controls RNU44 and
RNUA48 (see Appendix F. Therefore U6 snRNA was inded as the endogenous

control an the custom TLDA cards.
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4.2.5 Custom TLDA Card AalysisParameters

New RNA samples were generateahd included Hek TLR4/MD2/CD14 cells
stimulated withLPS,SLPs from RT 001 anBT 027.gPCRdata from the custorards
wasanalysedising ExpressionSuite softwakehere the threshold was set to 0.1 and the
max Ct set to 37.@s previously determined’here was also nmiRNA expression
detected incards with NTC(data not shown)Due to the reductiom the number of
total targets,U6 snRNA was used as the endogenous control instead of global
normalisationand elative gene expression waslculated. V@ also examined the
overall Ct value distribution for each sample from twstomcards sed-igure 4.2.7.

The box ot shows the Ct distribution for each treatment group from three biological
replicates per groupvhich also includd 4 tednical replicatesThe overall Ct values
followed normal distribution therefor’we coul d a p p-tesfwhere \auesu d e n t

of pO 0.05 were considered statistically significanbmpared with the control cell
group

4.2.6 Twenty-FourMiRNAs wereDifferentially Regulated bySLPs from RT 00&nd
RT 027

gPCRdata analysis revealed 28 miRNAs were detected out of the 31 miRhaAgsed
using thecustom TLDA cardseeTable 4.24. Ct scatter plots analysis showed there
were differences in miRNA profiles betweeells stimulated with LPSLPs from RT
001 and RT 027 seEigure 4.28 and Figure 4.29. When we compared Ct values
between each group we found they fell outside ofrdgFessiorline- indicating they
were not entirely linear.The data was then visualised using a supervisst map
incorporating average linkage afde a rscarraldionFigure 4.210. The heat map
shows the corresponding relative miRMxpression levels and rendéinem in a green
red scale.Green represents low expression levels while red representexpgession
levelsandblack indcates an absence of detection. Eamh representa singlemiRNA
and each column represeamts individual sampleCells stimulated with SLPs from RT
027 had lav expression for most of thmiRNAs analysedand this wasconsistent

between each of the bioliegl replicates as shown by the green colour on the heat map
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A dendorgram isa tree diagram frequently used to illustrate the arrangement of the
clusters produced by hierarchical clusteriAgcording to the dendorgraon the yaxis
shown with the heat npa miRNAs were clusteredn one main clade with another
smaller cladecontaining2 branchesThe first branch in the smaller cladmntained
branch tipdor let-7e* and miR1293,while the secontbranchcontainedtips for miR-
221* and miR543. Thelarger nmain clade contained distinct branchesThe first
second and third branchesntaineda singlebranch tipfor miR-586 miR550andmiR-
146arespectively The fourth branch containetiranch tipsfor miR-221, let7c, let7d,
mMiR-9*, miR-9, MiR-152, miR432* miR-148b and miR339-5p. The fifth branch
containedbranch tipsfor miR-125a5p, let7e, lé-7b and miR874. The sixthranch
containedbranch tipdor miR-187, miR215 andmiR-24. The seventibranch contained
branch tipfor miR-1292, miR145, miR-155, mR-422a, miR132, miR302c, miR374
and miR590-5p. MiRNAs included within eacltlade and subsequédmtanchgroup are

morelikely to beexpressed togethbased on the experimental data in giigdy.

In order to fullyelucidatethe difference between inddual miRNA targetsbetween
treatmenigroupswith statistically significant fold changes, the data was analysed using

a volcano plotConsequentlylogso p-value was plotted againisiy, fold changefor our

study te fold change boundary was settodm@dlte pv al ue boundary wa
0.05 Targets above theentral horizontal line had ststically relevant high magnitude

fold changesThe top left quadrant displayatbwn regulatedniRNAs, whilethe top

right quadrant displayethiRNA targets that werepuregulated Analysis showed4

mMiRNAs were differentily regulated in response to SLPs from RT 001 and RT 027

Two miRNAs, miR-145 (pO O0.-08paa@pdOmMODR0O01) were
response to SLPs from RT 08&eFigure 4.211. Twenty threemiRNAs weredown
regulatedin response to SLPs from RTO0gt7b (p O -DcO0ObpO léD01)
(pO 0.0e1l1pPYmRi2sas5p (pO 0-1202) ( p@i A32001) ,
(pO 0. 0D45, ( mO RGL 4080bl )(,p GRIIB. 20 1)p O Mi565) p Om
0.05,mR221 (pO B406pO MiBF) (p@i B38@1)Y pOmMDRC
mR-422a (pO-403.205)(,p OnBOR 0 1)p O 8RB 1 Y p RO R0 5)
590( p@®5), mR9 (pO 0-965) p Omi0 R 62211 ) (O@%h seeFignie R

4.212. miR-145 was differentially regulated by both SLPs from RT 001 and RT 027
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4.2.7 Further Validation ©nfirmed let-7e, miR155, miR145 and miRl46a were
Differentially Regulatedn Response t&LPs from RT 00knd RT 027

We choose four miRNAs lete, miR155, miR146a and miRL45 for further validation
based on the differences observed between SLPs from RT 001 and RT Uzblgee
4.25. Let-7eappeared to bdown regulated in response3aPs from RT 001, however

it appeared to beven more down regulated when we comparedrésponsdo SLPs

from RT 027. MR-155in response to SLPs from RT OBdmained at levels seen with
control cells butappeared to bedown regulated when we comparec tiesponse to
SLPs from RT 027. MR-146a and miRL45 were both up regulated in response to SLPs
from RT 001 andappeared to bdown regulated in response to SLPs from RT 027.
New RNA samples were generated and includéek TLR4/MD2/CD14 cells
stimulated wih LPS, SLPs from RT 001 and RT Ofém three biological replicates.
Individual Tagman miRNA assaydth three technical replicates per grougre run for

each miRNA examined and thgPCR data was analysed using ExpressionSuite
software The threshold waset to 0.1 and the max Ct set to 37a8 previously
determined. There was also no miRNA expression detected in assays containing NTC
(data not shown)U6 snRNA was used as the endogenous control as previously
determined andelativegene expression waslculated The Mann Whitney tiest was
used to test for significand®tween SLPs from RT 001 and RT 0Zhisstatisticaltest

was chosemecause ofhe uncertaintyof normal distribution due tthe low numberof

MiRNA targets in thigxperimentastudy(Goni et al., 2009)

gPCR data from the individual miRNA assays confedthe results seen with the
custom TLDA cardslet-7e, miR155, miR145 and miRl46a were differentially
regulated in regmse to SLPs from RT 001 and RT (&&€Figure 4.214. Stimulation

with LPS did notsignificantly increase or decrease miM5, it increased miR46a to

1.6 fold and it decreased {8 and miR155 to 0.6 and 0.7 fold respectively.
Stimulation with SLPs from RT 001 did not significantly increase or decreaselBbBR

it decreased lefe andncreased miRL46a and miR145 to 1.6 and 1.2 fold respectively

In all cases miRNAs were down regulated in response to SLPs from RT 027 compared
to SLPs from RT 00llet-7e, miR155, miR146a and miRL45 were decreased to 0.1
(pO 0003OMAY 00.6¢ D) OandO@1p O Ofoldaeddedtively.

119



4.2.8 Let7e, mR-155, miR145 and miRl46a wereDifferentially Regulated in
JAWS Il Cells

In order tovalidate our results further we exanmin@iRNA expression ofet-7e, miR

155, miR146a ad miR-145 in another cell line, & chmse the murine dendritic cell

line JAWS Il as they behaven a similar way to BMDCsJAWS 1l cells differ from

BMDCs in that thg fail to release the H12 cytokine familywhich includelL-12, IL-

23 and 11-:27 and 11-35 (Collins, 2014; Jgrgensen, Haase, & Michelsen, 2002; Zapala et

al., 2011) To begn we had tadeterminef LPS, S.Ps from RT 001 and RT 027 could

induce an immune response in JAWS |l cells. WeasurednurinelL-1 b, -0 ,N-FI L
27p28,MCP, IL-6, RANTES,MIP-2 and 1L-12p70in supernatents upon stimulation for

8 hoursusing ELISA sed-igure 4.214. 1IL-1 b was not produced ir
cells. IL1 b was produced in PAEI.00L)SLPs fromnRT| at e
001 PO 0.001) egOdORTODRZ.WaBNmot produced i
TNF-U was pirmdUAWS |11 sti mul atSeRsfromiRTBOLLPS
MO 0.001) ap®d 0R D @Ipp8&7wadprbduced amnedigible levels in

control JAWS Il cells, it did not increasevhenstimulated with LPSSLPs from RT 001
andfrom RT 027as expectedVICP was produced at low levels in cantJAWS I

cell s. MCP was produced in JAWS 11 ncell s
RT 001 (ns) and ILWwasMat prodicedin contr@ 0AWS Il cells.

IL-6 was produced in JAWS Il <cells stimula
(pO 0.001) and RT 027 (pO 0.001). RANTES
RANTES was produced in JAWS 11 <cells stim
RT 00Q0000)poD RT 0Q®@0D1).NMIB-Dwas produced at low levels in control

JAWs Il cells. MIR2 was produced in JAWS |1 cell s

SLPs from RTO0O1 (pO O0.001) and-12R7D wasDidbdudgecpdd O .
nedigible levels in JAWS Il celland did not increasshen stimulated with LPS, SLPs
from RT 001 and RT 02&s expected

Once we established that SLPs from RT 001 and RT 027 could induicename
response in JAWS Il celland there was a differenae the potency of thisesponse
Total RNA was extractedusing the mirVana isolation kit at the 8 hour time point

previously determinedRNA samples were generated from three biological replicates
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Individual murinemiRNA assays with three technical replicates per grivam the

biological replicateswvere run for each miRNA examined and tHECR data was

analysed usingxpressionSuite software. The threshold was set to 0.1 and the max Ct

set to 37, as previously determined. There was also no miRNA expression detected in

assays containing NTQdata not shown)The endogenous control snoRNA202 out

performed the two other murine small RNA endogenous controls snoRNA234 and

mammuU6 gee Appendix . shARNA202 was used as the endogenous control and

relativegene expression was calculatétie Mann Whitney ktest was used to test for
significance between SLPs from RT 001 and RT (&¥nulation with LPS did not

significantly increase or decrease #iR6a,it increased miRL45, miR155 and lefe to

2.5, 600 and 1.7 fold respectively. Stimulation with SLPs from RT 001 did not

significantly increase or decreale-7e, however it increased miR46a,miR-145 and
miR-155 to 2.5, 2® and 1.2fold respectively.In all cases miRNAs were down
regulated in response to SLPs from RA7@ompared to SLPs from RT 0Qlet7e,
miR-155, miR146a and miRl45 were decreasedto OO 0. 05), 5. 0
(pO 0.001) andrefpecbvelyfspByur€4.20® 1) f ol d

When we compared the expressionnoiR-146a, miR145, miR155 and lef7e we
found they weresignificantly decreased in response to SiBs RT 027 inboth Hek
TLR4/MD2/CD14 and JAWS Il cells s€kable 4.26. There were slight differences in
the response to LPS and SLPs from RT 001 between cell typRsl46a expression
was increased in responseli®S in Hek TLR4/M2/CD14 cells,jt wasnot increased
or decreased in JAWS II cellyet miR-146a was increasdd response to SLPfsom
RT 001 inboth cell typesMiR-145 wasnot increased odecreased in response to LPS
in Hek TLR4/MD2/CD14 cells but it s increased in JAS Il cells. MR-145 was

(p

increased in response to SLPs from RT 001 in Hek TLR4/MD2/CD14 cells yet it was

not increasedr decreased in JAWS Il cellMiR-155 was decreased in response to LPS

in Hek TLR4/MD2/CD14 cells, in JAWS 1l cells it was sigodntly increasedMiR-

155 was notdecreasedor increased in response to SLPs from RT 001 in Hek

TLR4/MD2/CD14 cells, in JAWS Il cells however it was increaskét7e was
decreased in response to LPS in Hek TLR4/MD2/CD14 cell3AWS Il cells it was

increased Let7e was decreased in response to SLPs from RT 001 in Hek

TL4/MD2/CD14 cells, in JAWS Il cells it was increased.
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Figure 4.21 SLPs from RT 001 and RT 027 induce IL -8 after 8 hours in Hek
TLR4/MD2/CD14 cells, however SLPs from RTO0O0L1 fail to induce RANTES. Hek
TLR4/MD2/CD14 cells were plated at 2)¢16dls/mL and allowed to adhere for 18
hours to approximately 60% confluency. Cells were ttenulated with 100 ng/mL of
LPS or 20 pg/mL SLPs fromRT 001 and RT 027 for 8 hours. Supernatants were
recovered and levels dlumanA) IL-8 andB) RANTES were measured using ELISA.
The results show the mean (x SEM) measured in triplicatewageANOVA followed

by NewmanrKeuls analysiswas used to determine if differences were significantly
different compared to the control, wheérgg O 0 . 0 9.01 ahd *** pO0.001. The

results are indicative of three independent experiments.
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Figure 4.22 Starting RNA of 350ng and apre-amplification step are required for
the detection of mIRNA for use in this study. Hek TLR4/MD2/CD14 cells were
plated at 2x1®cells/mL and allowed to adhere for I®urs to approximately 680
confluency Cells were harvested and total RNA was extracted using mifVana
miRNA isolation kit.350 ng or 50(hg sartingtotal RNA was converted to first strand
cDNA using specific stem loop primers The products were either added toPCR
reaction mixes for the TLDA cards arsed in apre-amplification PCR reaction
Samples wereaddedto each port onApplied Biosytems®Tagman® Low Density
Array (TLDA) HumanmiRNA cardspool A and pool BThe cards were sealead ran
on the Applied Biosystems 70BIT Fast Real Time PCR Machin®mplification graph
s howi ngn tVageke A¥Fd®0 ng starting totaRNA without pre-amplification B)
500 ng starting totaRNA without pre-amplificationC) 350 ng starting totaRNA with

pre-amplification
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Figure 4.23. Overall Ct values follow normal distribution in miRNA profiling

study with pool A & B TLDA cards. Hek TLR4/MD2/CD14 cellsfrom three
biological replicatesvere plated at 2xf0cells/mL and allowed to adhere for 18 hours

to approximately 60% confluencgels were stimulated with 100 ng/mL LPS or 20
pg/mL SLPs from RT 00Xor 8 hours Cells were harvested and total RNA was
extracted usig mi RVanaE mi RN250 ngsstarttira ttatab RNA kvast .
converted to first strand cDNA using specific stem loop primers. The products were
used in gore-amplification PCR reaction. Samples were added to PCR reaction mixes
and added to eachell on Applied Biosytems® Tagman® Low Density Array (TLDA)
HumanmiRNA cards pool A and pool BThe cards were sealed and ran on the Applied
Biosystems 7900HT Fast Real Time PCR Machiftee SDS files were exporteahd

data from pool A and pool B cardsvere analysed usingExpressionSuite software
v1.0.3 Box plot showing Ct distribution for each treatgobup fromthree biological
replicates per group. The box contains the middle 50% of the data, the black horizontal
line indicates the median Ct value and the lbldot denotes the mean Ct. The ends of
the vertical lines indicate the minimum and maximum Ct values and outliers are the

points outside the ends of the whiskers
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Table 4.21 gPCR analysis detected 254miRNAs in Hek TLR4/MD2/CD14 cells
from the 756 miRNAs analysed usingthe TLDA pool A & B cards. Hek
TLR4/MD2/CD14 cells from three biological replicatesere plated at 2xf@ells/mL
and allowed to adhere for 18ours to approximately 86 confluency Cells wee
stimulated with 100 ng/mL LPS or 20 pug/mL SLPs from RT @18 hours Cells were
harvested and total RNA was extracted using miRZamaiRNA isolation kit.350 ng
starting totaRNA was converted to first strand B3, the producs of whichwereused

in a preamplification PCR reaction Samples weraddedto PCR reaction mixes and
added to each well oApplied Biosytems® Tagman® Low Density Array (TLDA)
HumanmiRNA cards pool A and pool BThe cards were sealed and camthe Applied
Biosystems 790HT Fast Real Time PCR Machine. The SDS files were expaateti
data from pool A and pool B cards analysed using Expression$ttitease v1.0.3The
max Ct was set to 37.0 with a threshold of 0.1 and the reference group was set to the
control cell group. ®bal normalisation was carried anelative gene expression values
were calculatedThe BenjaminiHochberg false discovery rateas usedo adjustp-
valuesand ast u d etdtest &vas applied were \alues of pO 0.05 were considered

statistically significantompared with the control group.

Group Name Target Name RQ P-Value
CTL dmemiR-7 1.0 1
LPS dmemiR-7 0.7 0.586

RT 001 dmemiR-7 0.8 0.62
CTL hsalet-7a 1.0 1
LPS hsalet-7a 0.7 0.321

RT 001 hsalet-7a 0.6 0.186
CTL hsalet-7b 1.0 1
LPS hsalet-7b 1.2 0.051

RT 001 hsalet-7b 0.9 0.732
CTL hsalet-7¢c 1.0 1
LPS hsalet-7c 0.6 0.142

RT 001 hsalet-7¢c 1.3 0.303
CTL hsalet-7d 1.0 1
LPS hsalet-7d 11 0.956
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RT 001 hsalet-7d 1.1 0.799
CTL hsalet-7e 1.0 1
LPS hsalet-7e 0.7 0.279

RT 001 hsalet-7e 0.7 0.432
CTL hsalet-7e# 1.0 1
LPS hsalet-7e# 1.2 0.533

RT 001 hsalet-7e# 0.9 0.895
CTL hsamiR-100 1.0 1
LPS hsamiR-100 0.8 0.621

RT 001 hsamiR-100 0.5 0.161
CTL hsamiR-103 1.0 1
LPS hsamiR-103 0.7 0.309

RT 001 hsamiR-103 0.6 0.254
CTL hsa-miR-106a 1.0 1
LPS hsamiR-106a 0.9 0.516

RT 001 hsamiR-106a 1.2 0.634
CTL hsamiR-106b 1.0 1
LPS hsamiR-106b 0.7 0.306

RT 001 hsamiR-106b 1.0 0.713
CTL hsamiR-107 1.0 1
LPS hsamiR-107 0.4 0.167

RT 001 hsamiR-107 1.0 0.765
CTL hsamiR-10a 1.0 1
LPS hsamiR-10a 0.8 0.457

RT 001 hsamiR-10a 0.4 0.405
CTL hsamiR-10a# 1.0 1
LPS hsamiR-10a# 0.8 0.306

RT 001 hsamiR-10a# 1.1 0.689
CTL hsamiR-10b 1.0 1
LPS hsamiR-10b 0.5 0.153

RT 001 hsamiR-10b 0.8 0.468
CTL hsamiR-10b# 1.0 1
LPS hsamiR-10b# 1.9 0.263

RT 001 hsamiR-10b# 15 0.237
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CTL hsamiR-1180 1.0 1
LPS hsamiR-1180 0.9 0.311
RT 001 hsamiR-1180 1.0 0.824
CTL hsamiR-1201 1.0 1
LPS hsamiR-1201 0.8 0.685
RT 001 hsamiR-1201 1.1 0.453
CTL hsamiR-1208 1.0 1
LPS hsamiR-1208 0.6 0.091
RT 001 hsamiR-1208 0.6 0.098
CTL hsamiR-12253p 1.0 1
LPS hsamiR-12253p 0.3 0.133
RT 001 hsamiR-12253p 0.3 0.199
CTL hsamiR-1226# 1.0 1
LPS hsamiR-1226# 11 0.782
RT 001 hsamiR-1226# 1.2 0.443
CTL hsamiR-1227 1.0 1
LPS hsamiR-1227 0.7 0.308
RT 001 hsamiR-1227 1.0 0.784
CTL hsamiR-1233 1.0 1
LPS hsamiR-1233 0.7 0.741
RT 001 hsamiR-1233 1.3 0.282
CTL hsamiR-1243 1.0 1
LPS hsamiR-1243 1.0 0.93
RT 001 hsamiR-1243 0.4 0.144
CTL hsamiR-1248 1.0 1
LPS hsamiR-1243 1.1 0.703
RT 001 hsamiR-1248 1.3 0.315
CTL hsamiR-1254 1.0 1
LPS hsamiR-1254 0.9 0.624
RT 001 hsamiR-1254 1.0 0.912
CTL hsamiR-1255a 1.0 1
LPS hsamiR-1255a 1.2 0.968
RT 001 hsamiR-1255a 0.9 0.621
CTL hsamiR-1255b 1.0 1
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LPS hsamiR-1255b 0.7 0.357
RT 001 hsamiR-1255b 0.5 0.225
CTL hsamiR-125a3p 1.0 1
LPS hsamiR-125a3p 0.5 0.385
RT 001 hsamiR-125a3p 11 0.89
CTL hsamiR-125b 1.0 1
LPS hsamiR-125b 0.5 0.233
RT 001 hsamiR-125b 0.6 0.439
CTL hsamiR-126 1.0 1
LPS hsamiR-126 0.7 0.49
RT 001 hsamiR-126 0.8 0.421
CTL hsamiR-126# 1.0 1
LPS hsamiR-126# 0.7 0.367
RT 001 hsamiR-126# 15 0.3
CTL hsamiR-1260 1.0 1
LPS hsamiR-1260 1.2 0.449
RT 001 hsamiR-1260 0.8 0.266
CTL hsamiR-1262 1.0 1
LPS hsamiR-1262 1.2 0.913
RT 001 hsamiR-1262 1.1 0.891
CTL hsamiR-1269 1.0 1
LPS hsamiR-1269 0.7 0.314
RT 001 hsamiR-1269 1.0 0.976
CTL hsamiR-1271 1.0 1
LPS hsamiR-1271 0.3 0.169
RT 001 hsamiR-1271 1.0 0.877
CTL hsamiR-1274a 1.0 1
LPS hsamiR-1274a 1.2 0.191
RT 001 hsamiR-1274a 11 0.338
CTL hsamiR-1274b 1.0 1
LPS hsamiR-1274b 1.2 0.714
RT 001 hsamiR-1274b 11 0.997
CTL hsamiR-1275 1.0 1
LPS hsamiR-1275 0.6 0.197
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RT 001 hsamiR-1275 0.6 0.157
CTL hsamiR-1276 1.0 1
LPS hsamiR-1276 1.2 0.69

RT 001 hsa-miR-1276 2.0 0.149
CTL hsamiR-1282 1.0 1
LPS hsamiR-1282 0.9 0.599

RT 001 hsamiR-1282 1.1 0.997
CTL hsamiR-1285 1.0 1
LPS hsamiR-1285 0.2 0.065

RT 001 hsamiR-1285 0.9 0.887
CTL hsamiR-128a 1.0 1
LPS hsamiR-128a 0.6 0.084

RT 001 hsamiR-128a 0.9 0.788
CTL hsamiR-1290 1.0 1
LPS hsamiR-1290 1.1 0.64

RT 001 hsamiR-1290 0.9 0.832
CTL hsamiR-1291 1.0 1
LPS hsamiR-1291 1.3 0.305

RT 001 hsamiR-1291 0.7 0.258
CTL hsamiR-1292 1.0 1
LPS hsamiR-1292 1.13 0.330

RT 001 hsamiR-1292 1.4 0.03
CTL hsamiR-1293 1.0 1
LPS hsamiR-1293 1.17 0.413

RT 001 hsamiR-1293 0.20 0.002
CTL hsamiR-1296 1.0 1
LPS hsamiR-1296 1.1 0.866

RT 001 hsamiR-1296 1.1 0.68
CTL hsamiR-1303 1.0 1
LPS hsamiR-1303 0.7 0.343

RT 001 hsamiR-1303 1.0 0.793
CTL hsamiR-130b 1.0 1
LPS hsamiR-130b 0.8 0.531

RT 001 hsamiR-130b 1.1 0.735
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CTL hsamiR-130b# 1.0 1
LPS hsamiR-130b# 0.8 0.51
RT 001 hsamiR-130b# 0.7 0.31
CTL hsamiR-132 1.0 1
LPS hsamiR-132 1.0 0.902
RT 001 hsamiR-132 0.9 0.673
CTL hsamiR-132# 1.0 1
LPS hsamiR-132# 1.2 0.848
RT 001 hsamiR-132# 1.0 0.896
CTL hsamiR-144# 1.0 1
LPS hsamiR-144# 0.8 0.522
RT 001 hsamiR-144# 1.0 0.672
CTL hsamiR-145 1.0 1
LPS hsamiR-145 1.3 0.182
RT 001 hsamiR-145 0.5 0.268
CTL hsamiR-146b 1.0 1
LPS hsamiR-146b 0.6 0.34
RT 001 hsamiR-146b 0.2 0.092
CTL hsamiR-148a 1.0 1
LPS hsamiR-148a 1.6 0.54
RT 001 hsamiR-148a 0.9 0.709
CTL hsamiR-148a# 1.0 1
LPS hsamiR-148a# 0.5 0.065
RT 001 hsamiR-148a# 0.7 0.176
CTL hsamiR-148b 1.0 1
LPS hsamiR-148b 1.61 0.416
RT 001 hsamiR-148b 4.0 0.009
CTL hsamiR-148b# 1.0 1
LPS hsamiR-148b# 14 0.212
RT 001 hsamiR-148b# 1.0 0.935
CTL hsamiR-149 1.0 1
LPS hsamiR-149 1.1 0.61
RT 001 hsamiR-149 1.3 0.282
CTL hsamiR-151-3p 1.0 1
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LPS hsamiR-151-3p 15 0.716
RT 001 hsamiR-151-3p 0.3 0.214
CTL hsamiR-151-5p 1.0 1
LPS hsamiR-151-5p 0.9 0.948
RT 001 hsamiR-151-5p 1.7 0.794
CTL hsamiR-152 1.0 1
LPS hsamiR-152 1.53 0.818
RT 001 hsamiR-152 2.46 0.05
CTL hsamiR-155 1.0 1
LPS hsamiR-155 1.0 0.133
RT 001 hsamiR-155 1.0 0.202
CTL hsamiR-15a 1.0 1
LPS hsamiR-15a# 1.0 0.876
RT 001 hsamiR-15a# 0.8 0.333
CTL hsamiR-15b 1.0 1
LPS hsamiR-15b 0.7 0.075
RT 001 hsamiR-15b 0.9 0.496
CTL hsamiR-16 1.0 1
LPS hsamiR-16 0.7 0.353
RT 001 hsamiR-16 0.8 0.527
CTL hsamiR-16-1# 1.0 1
LPS hsamiR-16-1# 1.1 0.564
RT 001 hsamiR-16-1# 0.9 0.614
CTL hsamiR-17 1.0 1
LPS hsamiR-17 0.6 0.282
RT 001 hsamiR-17 0.7 0.368
CTL hsamiR-17# 1.0 1
LPS hsamiR-17# 1.2 0.747
RT 001 hsamiR-17# 15 0.308
CTL hsamiR-181a 1.0 1
LPS hsamiR-181a 11 0.308
RT 001 hsamiR-181a 0.6 0.096
CTL hsamiR-181a2# 1.0 1
LPS hsamiR-181a2# 0.8 0.795
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RT 001 hsamiR-181a2# 0.9 0.775

CTL hsamiR-182 1.0 1
LPS hsamiR-182 0.9 0.42
RT 001 hsamiR-182 1.2 0.852

CTL hsamiR-1825 1.0 1
LPS hsamiR-1825 3.1 0.419
RT 001 hsamiR-1825 0.9 0.992
CTL hsamiR-183 1.0 1
LPS hsamiR-183 1.7 0.85
RT 001 hsamiR-183 0.7 0.193
CTL hsamiR-183# 1.0 1
LPS hsamiR-183# 1.0 0.82
RT 001 hsamiR-183# 1.1 0.651
CTL hsamiR-186 1.0 1
LPS hsamiR-186 0.9 0.413
RT 001 hsamiR-186 14 0.153
CTL hsamiR-18a 1.0 1
LPS hsamiR-18a 0.6 0.23
RT 001 hsamiR-18a 0.9 0.812
CTL hsamiR-18a# 1.0 1
LPS hsamiR-18a# 0.9 0.47
RT 001 hsamiR-18a# 1.3 0.237
CTL hsamiR-18b 1.0 1
LPS hsamiR-18b 0.3 0.08
RT 001 hsamiR-18b 15 0.263
CTL hsamiR-190b 1.0 1
LPS hsamiR-190b 1.2 0.563
RT 001 hsamiR-190b 2.2 0.210
CTL hsamiR-191 1.0 1
LPS hsamiR-191 0.7 0.736
RT 001 hsamiR-191 0.6 0.105
CTL hsamiR-191# 1.0 1
LPS hsamiR-191# 0.9 0.897
RT 001 hsamiR-191# 1.2 0.838

132



CTL hsamiR-192 1.0 1
LPS hsamiR-192 1.0 0.745
RT 001 hsamiR-192 0.7 0.22
CTL hsamiR-192# 1.0 1
LPS hsamiR-192# 0.8 0.347
RT 001 hsamiR-192# 1.2 0.377
CTL hsamiR-193a3p 1.0 1
LPS hsamiR-193a3p 0.2 0.613
RT 001 hsamiR-193a3p 0.6 0.13
CTL hsamiR-193a5p 1.0 1
LPS hsamiR-193a5p 1.2 0.832
RT 001 hsamiR-193a5p 0.7 0.413
CTL hsamiR-193b 1.0 1
LPS hsamiR-193b 0.7 0.287
RT 001 hsamiR-193b 0.6 0.217
CTL hsamiR-193b# 1.0 1
LPS hsamiR-193b# 1.0 0.818
RT 001 hsamiR-193b# 1.6 0.292
CTL hsamiR-194 1.0 1
LPS hsamiR-194 0.6 0.645
RT 001 hsamiR-194 1.4 0.332
CTL hsamiR-196b 1.0 1
LPS hsamiR-196b 0.4 0.055
RT 001 hsamiR-196b 1.0 0.843
CTL hsamiR-197 1.0 1
LPS hsa-miR-197 0.7 0.097
RT 001 hsamiR-197 0.7 0.141
CTL hsamiR-199a 1.0 1
LPS hsamiR-199a 1.3 0.417
RT 001 hsamiR-199a 2.6 0.177
CTL hsamiR-19a 1.0 1
LPS hsamiR-19a 1.9 0.596
RT 001 hsamiR-19a 11 0.692
CTL hsamiR-19a# 1.0 1
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RT 001 hsamiR-19a# 2.1 0.253

LPS hsamiR-19b 1.0 0.927

CTL hsamiR-19b-1# 1.0 1

RT 001 hsamiR-19b-1# 0.8 0.511

LPS hsamiR-200c 1.1 0.785

CTL hsamiR-20a 1.0 1

RT 001 hsamiR-20a 2.0 0.423

LPS hsamiR-20a# 0.7 0.305

CTL hsamiR-20b 1.0 1

RT 001 hsamiR-20b 0.9 0.816

LPS hsamiR-21 0.3 0.205

CTL hsamiR-21# 1.0 1

RT 001 hsamiR-21# 0.9 0.521

LPS hsamiR-210 0.3 0.104

CTL hsamiR-213 1.0 1

RT 001 hsamiR-213 0.8 0.306

LPS hsamiR-215 1.7 0.923
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RT 001 hsamiR-215 2.0 0.048
CTL hsamiR-218 1.0 1
LPS hsamiR-218 0.9 0.3

RT 001 hsamiR-218 1.1 0.657
CTL hsamiR-22# 1.0 1
LPS hsamiR-22# 0.7 0.468

RT 001 hsamiR-22# 1.0 0.976
CTL hsamiR-221 1.0 1
LPS hsamiR-221 0.7 0.285

RT 001 hsamiR-221 0.8 0.553
CTL hsamiR-222 1.0 1
LPS hsamiR-222 1.0 0.834

RT 001 hsamiR-222 0.9 0.913
CTL hsamiR-222# 1.0 1
LPS hsamiR-222# 0.9 0.737

RT 001 hsamiR-222# 14 0.67
CTL hsamiR-23b 1.0 1
LPS hsamiR-23b 0.5 0.589

RT 001 hsamiR-23b 0.8 0.503
CTL hsamiR-24 1.0 1
LPS hsamiR-24 1.53 0.876

RT 001 hsamiR-24 1.4 0.023
CTL hsamiR-24-2# 1.0 1
LPS hsamiR-24-2# 10 0.861

RT 001 hsamiR-24-2# 2.3 0.199
CTL hsamiR-25 1.0 1
LPS hsamiR-25 0.5 0.072

RT 001 hsamiR-25 0.6 0.12
CTL hsamiR-25# 1.0 1
LPS hsamiR-25# 0.9 0.696

RT 001 hsamiR-25# 1.0 0.813
CTL hsamiR-26a 1.0 1
LPS hsamiR-26a 11 0.3

RT 001 hsamiR-26a 1.2 0.521
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CTL hsamiR-26a1# 1.0 1
LPS hsamiR-26a1# 1.2 0.521
RT 001 hsamiR-26a1# 0.8 0.313
CTL hsamiR-26a2# 1.0 1
LPS hsamiR-26a2# 0.7 0.685
RT 001 hsamiR-26a2# 1.2 0.811
CTL hsamiR-26b 1.0 1
LPS hsamiR-26b 0.7 0.305
RT 001 hsa=miR-26b 0.6 0.19
CTL hsamiR-26b# 1.0 1
LPS hsamiR-26b# 1.2 0.552
RT 001 hsamiR-26b# 0.9 0.786
CTL hsamiR-27a 1.0 1
LPS hsamiR-27a 0.5 0.226
RT 001 hsamiR-27a 0.9 0.725
CTL hsamiR-27a# 1.0 1
LPS hsamiR-27a# 1.3 0.151
RT 001 hsamiR-27a# 11 0.823
CTL hsamiR-27b 1.0 1
LPS hsamiR-27b 0.6 0.052
RT 001 hsamiR-27b 0.9 0.636
CTL hsamiR-27b# 1.0 1
LPS hsamiR-27b# 1.7 0.3
RT 001 hsamiR-27b# 0.9 0.647
CTL hsamiR-28 1.0 1
LPS hsamiR-28 0.5 0.055
RT 001 hsamiR-28 0.5 0.059
CTL hsamiR-28-3p 1.0 1
LPS hsamiR-28-3p 11 0.868
RT 001 hsamiR-28-3p 0.9 0.73
CTL hsamiR-29a 1.0 1
LPS hsamiR-29a 0.8 0.979
RT 001 hsamiR-29a 0.7 0.285
CTL hsamiR-29a# 1.0 1
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LPS hsamiR-29a# 0.6 0.346
RT 001 hsamiR-29a# 0.9 0.746
CTL hsamiR-29b 1.0 1
LPS hsamiR-29b 1.3 0.3
RT 001 hsamiR-29b 2.2 0.49
CTL hsamiR-29b-1# 1.0 1
LPS hsamiR-29b-1# 0.3 0.218
RT 001 hsamiR-29b-1# 0.8 0.3
CTL hsamiR-29b-2# 1.0 1
LPS hsamiR-29b-2# 1.2 0.547
RT 001 hsamiR-29b-2# 14 0.451
CTL hsamiR-29c 1.0 1
LPS hsamiR-29c 0.4 0.3
RT 001 hsamiR-29c 2.1 0.145
CTL hsamiR-301 1.0 1
LPS hsamiR-301 1.4 0.926
RT 001 hsamiR-301 0.4 0.129
CTL hsamiR-301b 1.0 1
LPS hsamiR-301b 0.4 0.138
RT 001 hsamiR-301b 0.6 0.297
CTL hsamiR-302a 1.0 1
LPS hsamiR-302a 0.1 0.207
RT 001 hsamiR-302a 0.0 0.191
CTL hsamiR-302c 1.0 1
LPS hsamiR-302c 2.68 0.028
RT 001 hsamiR-302c 1.53 0.139
CTL hsamiR-30a3p 1.0 1
LPS hsamiR-30a3p 0.8 0.3
RT 001 hsamiR-30a3p 1.2 0.488
CTL hsamiR-30a5p 1.0 1
LPS hsamiR-30a5p 0.7 0.321
RT 001 hsamiR-30a5p 0.9 0.817
CTL hsamiR-30b 1.0 1
LPS hsamiR-30b 1.0 0.926
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RT 001 hsamiR-30b 0.8 0.25
CTL hsamiR-30c 1.0 1
LPS hsamiR-30c 0.6 0.082

RT 001 hsamiR-30c 0.7 0.188
CTL hsamiR-30d 1.0 1
LPS hsamiR-30d 1.3 0.926

RT 001 hsamiR-30d 1.3 0.323
CTL hsamiR-30d# 1.0 1
LPS hsamiR-30d# 0.6 0.319

RT 001 hsamiR-30d# 0.9 0.727
CTL hsamiR-30e3p 1.0 1
LPS hsamiR-30e3p 0.8 0.236

RT 001 hsamiR-30e3p 1.2 0.216
CTL hsamiR-31 1.0 1
LPS hsamiR-31 0.8 0.926

RT 001 hsamiR-31 0.8 0.161
CTL hsamiR-31# 1.0 1
LPS hsamiR-31# 0.8 0.405

RT 001 hsamiR-31# 0.8 0.321
CTL hsamiR-320 1.0 1
LPS hsamiR-320 0.8 0.245

RT 001 hsamiR-320 11 0.626
CTL hsamiR-320b 1.0 1
LPS hsamiR-320b 0.6 0.254

RT 001 hsamiR-320b 0.6 0.301
CTL hsamiR-324-3p 1.0 1
LPS hsamiR-324-3p 0.9 0.913

RT 001 hsamiR-324-3p 11 0.71
CTL hsamiR-324-5p 1.0 1
LPS hsamiR-324-5p 0.6 0.137

RT 001 hsamiR-324-5p 0.9 0.713
CTL hsamiR-328 1.0 1
LPS hsamiR-328 0.7 0.243

RT 001 hsamiR-328 0.8 0.16

138



CTL hsamiR-335# 1.0 1
LPS hsamiR-335# 4.1 0.241
RT 001 hsamiR-335# 7.8 0.103
CTL hsamiR-338-5p 1.0 1
LPS hsamiR-338-5p 1.0 0.783
RT 001 hsamiR-338-5p 1.8 0.26
CTL hsamiR-339-3p 1.0 1
LPS hsamiR-339-3p 0.9 0.962
RT 001 hsamiR-339-3p 1.0 0.996
CTL hsamiR-339-5p 1.0 1
LPS hsamiR-339-5p 3.3 0.86
RT 001 hsamiR-339-5p 5.0 0.006
CTL hsamiR-33a 1.0 1
LPS hsamiR-33a 10.7 0.310
RT 001 hsamiR-33a 0.2 0.248
CTL hsamiR-340 1.0 1
LPS hsamiR-340 0.3 0.180
RT 001 hsamiR-340 0.4 0.022
CTL hsamiR-340# 1.0 1
LPS hsamiR-340# 1.3 0.252
RT 001 hsamiR-340# 1.2 0.328
CTL hsamiR-342-3p 1.0 1
LPS hsamiR-342-3p 0.7 0.091
RT 001 hsamiR-342-3p 0.8 0.203
CTL hsamiR-345 1.0 1
LPS hsamiR-345 1.2 0.585
RT 001 hsamiR-345 11 0.795
CTL hsamiR-34a 1.0 1
LPS hsamiR-34a 0.4 0.12
RT 001 hsamiR-34a 0.6 0.193
CTL hsamiR-34a# 1.0 1
LPS hsamiR-34a# 1.2 0.595
RT 001 hsamiR-34a# 0.8 0.571
CTL hsamiR-34b 1.0 1
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LPS hsamiR-34b 0.2 0.178
RT 001 hsamiR-34b 0.5 0.388
CTL hsamiR-34c 1.0 1
LPS hsamiR-34c 1.2 0.938
RT 001 hsamiR-34c 15 0.851
CTL hsamiR-365 1.0 1
LPS hsamiR-365 0.5 0.073
RT 001 hsamiR-365 0.8 0.526
CTL hsamiR-374 1.0 1
LPS hsamiR-374 2.0 0.03
RT 001 hsamiR-374 2.9 0.05
CTL hsamiR-374b# 1.0 1
LPS hsamiR-374b# 1.7 0.545
RT 001 hsamiR-374b# 0.9 0.656
CTL hsamiR-375 1.0 1
LPS hsamiR-375 0.6 0.173
RT 001 hsamiR-375 0.5 0.213
CTL hsamiR-378 1.0 1
LPS hsamiR-378 3.0 0.938
RT 001 hsamiR-378 0.5 0.353
CTL hsamiR-383 1.0 1
LPS hsamiR-383 0.8 0.355
RT 001 hsamiR-383 0.9 0.638
CTL hsamiR-409-3p 1.0 1
LPS hsamiR-409-3p 1.8 0.208
RT 001 hsamiR-409-3p 4.6 0.938
CTL hsamiR-422a 1.0 1
LPS hsamiR-422a 0.69 0.08
RT 001 hsamiR-422a 0.2 0.010
CTL hsamiR-423-5p 1.0 1
LPS hsamiR-423-5p 0.8 0.406
RT 001 hsamiR-423-5p 0.7 0.201
CTL hsamiR-424# 1.0 1
LPS hsamiR-424# 1.0 0.895
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RT 001 hsamiR-424# 1.1 0.651
CTL hsamiR-425# 1.0 1
LPS hsamiR-425# 0.8 0.338

RT 001 hsamiR-425# 1.0 0.904
CTL hsamiR-425-5p 1.0 1
LPS hsamiR-425-5p 0.8 0.571

RT 001 hsamiR-425-5p 0.8 0.341
CTL hsamiR-432# 1.0 1
LPS hsamiR-432# 0.95 0.818

RT 001 hsamiR-432# 2.27 0.043
CTL hsamiR-454 1.0 1
LPS hsamiR-454 1.2 0.975

RT 001 hsamiR-454 0.2 0.092
CTL hsamiR-454# 1.0 1
LPS hsamiR-454# 1.2 0.588

RT 001 hsamiR-454# 1.1 0.68
CTL hsamiR-484 1.0 1
LPS hsamiR-484 0.8 0.248

RT 001 hsamiR-484 0.8 0.395
CTL hsamiR-497 1.0 1
LPS hsamiR-497 0.8 0.975

RT 001 hsamiR-497 0.8 0.445
CTL hsamiR-500 1.0 1
LPS hsamiR-500 0.9 0.697

RT 001 hsamiR-500 0.7 0.454
CTL hsamiR-501 1.0 1
LPS hsamiR-501 1.2 0.937

RT 001 hsamiR-501 0.9 0.645
CTL hsamiR-502-3p 1.0 1
LPS hsamiR-502-3p 0.6 0.502

RT 001 hsamiR-502-3p 0.5 0.394
CTL hsamiR-505# 1.0 1
LPS hsamiR-505# 0.9 0.531

RT 001 hsamiR-505# 1.0 0.977
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CTL hsamiR-516-3p 1.0 1
LPS hsamiR-516-3p 32.4 0.937
RT 001 hsamiR-516-3p 1.0 0.773
CTL hsamiR-517b 1.0 1
LPS hsamiR-517b 0.4 0.937
RT 001 hsamiR-517b 0.5 0.0%
CTL hsamiR-518f 1.0 1
LPS hsamiR-518f 3.9 0.937
RT 001 hsamiR-518f 1.3 0.807
CTL hsamiR-520¢3p 1.0 1
LPS hsamiR-520¢3p 0.9 0.902
RT 001 hsamiR-520¢3p 1.0 0.75
CTL hsamiR-520d3p 1.0 1
LPS hsamiR-520d3p 4.6 0.937
RT 001 hsamiR-520d3p 1.2 0.61
CTL hsamiR-532 1.0 1
LPS hsamiR-532 0.8 0.734
RT 001 hsamiR-532 0.9 0.497
CTL hsamiR-532-3p 1.0 1
LPS hsamiR-532-3p 0.5 0.288
RT 001 hsamiR-532-3p 0.6 0.338
CTL hsamiR-543 1.0 1
LPS hsamiR-543 2.6 0.010
RT 001 hsamiR-543 2.1 0.937
CTL hsamiR-545# 1.0 1
LPS hsamiR-545# 3.5 0.231
RT 001 hsamiR-545# 0.8 0.532
CTL hsamiR-548H 1.0 1
LPS hsamiR-548H 1.2 0.426
RT 001 hsamiR-548H 0.8 0.691
CTL hsamiR-548J 1.0 1
LPS hsamiR-548J 14 0.937
RT 001 hsamiR-548J 2.6 0.077
CTL hsamiR-548K 1.0 1
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LPS hsamiR-548K 0.9 0.937
RT 001 hsamiR-548K 15 0.418
CTL hsamiR-548L 1.0 1
LPS hsamiR-548L 1.2 0.937
RT 001 hsamiR-548L 0.4 0.056
CTL hsamiR-550 1.0 1
LPS hsamiR-550 0.9 0.912
RT 001 hsamiR-550 14 0.021
CTL hsamiR-551b# 1.0 1
LPS hsamiR-551b# 0.8 0.295
RT 001 hsamiR-551b# 1.0 0.811
CTL hsamiR-572 1.0 1
LPS hsamiR-572 2.3 0.190
RT 001 hsamiR-572 2.1 0.141
CTL hsamiR-574-3p 1.0 1
LPS hsamiR-574-3p 0.8 0.937
RT 001 hsamiR-574-3p 0.8 0.114
CTL hsamiR-577 1.0 1
LPS hsamiR-577 0.7 0.235
RT 001 hsamiR-577 0.9 0.657
CTL hsamiR-580 1.0 1
LPS hsamiR-580 0.7 0.156
RT 001 hsamiR-580 0.6 0.168
CTL hsamiR-586 1.0 1
LPS hsamiR-586 0.6 0.037
RT 001 hsamiR-586 0.6 0.143
CTL hsamiR-589 1.0 1
LPS hsamiR-589 1.9 0.255
RT 001 hsamiR-589 1.0 0.845
CTL hsamiR-590-3p 1.0 1
LPS hsamiR-590-3p 0.6 0.128
RT 001 hsamiR-590-3p 1.2 0.545
CTL hsamiR-590-5p 1.0 1
LPS hsamiR-590-5p 2.5 0.937
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RT 001 hsamiR-590-5p 2.0 0.015

CTL hsamiR-592 1.0 1
LPS hsamiR-592 0.9 0.798
RT 001 hsamiR-592 0.9 0.8
CTL hsamiR-597 1.0 1
LPS hsamiR-597 0.7 0.179
RT 001 hsamiR-597 0.9 0.876
CTL hsamiR-598 1.0 1
LPS hsamiR-598 0.7 0.057
RT 001 hsamiR-598 0.7 0.056
CTL hsamiR-605 1.0 1
LPS hsamiR-605 0.7 0.937
RT 001 hsamiR-605 0.5 0.078
CTL hsamiR-616 1.0 1
LPS hsamiR-616 0.8 0.391
RT 001 hsamiR-616 1.1 0.452
CTL hsamiR-624 1.0 1
LPS hsamiR-624 0.7 0.291
RT 001 hsamiR-624 0.4 0.178
CTL hsamiR-625# 1.0 1
LPS hsamiR-625# 0.8 0.294
RT 001 hsamiR-625# 1.1 0.766
CTL hsamiR-628-3p 1.0 1
LPS hsamiR-628-3p 34 0.075
RT 001 hsamiR-628-3p 0.7 0.515
CTL hsamiR-629 1.0 1
LPS hsamiR-629 0.6 0.578
RT 001 hsamiR-629 1.2 0.488
CTL hsamiR-638 1.0 1
LPS hsamiR-638 0.5 0.098
RT 001 hsamiR-638 1.0 0.775
CTL hsamiR-641 1.0 1
LPS hsamiR-641 0.9 0.685
RT 001 hsamiR-641 1.2 0.613
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CTL hsamiR-652 1.0 1
LPS hsamiR-652 0.8 0.937
RT 001 hsamiR-652 1.1 0.917
CTL hsamiR-660 1.0 1
LPS hsamiR-660 0.9 0.937
RT 001 hsamiR-660 0.9 0.956
CTL hsamiR-664 1.0 1
LPS hsamiR-664 1.2 0.513
RT 001 hsamiR-664 11 0.348
CTL hsamiR-708 1.0 1
LPS hsamiR-708 0.4 0.937
RT 001 hsamiR-708 0.8 0.394
CTL hsamiR-720 1.0 1
LPS hsamiR-720 1.3 0.214
RT 001 hsamiR-720 1.1 0.591
CTL hsamiR-744 1.0 1
LPS hsamiR-744 0.8 0.937
RT 001 hsamiR-744 0.8 0.187
CTL hsamiR-744# 1.0 1
LPS hsamiR-7444# 0.7 0.188
RT 001 hsamiR-744# 0.8 0.449
CTL hsamiR-766 1.0 1
LPS hsamiR-766 0.8 0.428
RT 001 hsamiR-766 0.9 0.608
CTL hsamiR-769-3p 1.0 1
LPS hsamiR-769-3p 0.9 0.796
RT 001 hsamiR-769-3p 1.0 0.826
CTL hsamiR-769-5p 1.0 1
LPS hsamiR-769-5p 0.8 0.307
RT 001 hsamiR-769-5p 0.9 0.614
CTL hsamiR-872 1.0 1
LPS hsamiR-872 0.3 0.457
RT 001 hsamiR-872 0.7 0.487
CTL hsamiR-874 1.0 1
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LPS hsamiR-874 0.71 0.432
RT 001 hsamiR-874 0.58 0.032
CTL hsamiR-886-5p 1.0 1
LPS hsamiR-886-5p 0.9 0.937
RT 001 hsamiR-886-5p 0.8 0.19
CTL hsamiR-891a 1.0 1
LPS hsamiR-891a 14 0.937
RT 001 hsamiR-891a 0.7 0.451
CTL hsamiR-9# 1.0 1
LPS hsamiR-9# 0.8 0.455
RT 001 hsamiR-9# 0.9 0.795
CTL hsamiR-92a 1.0 1
LPS hsamiR-92a 0.6 0.937
RT 001 hsamiR-92a 0.6 0.119
CTL hsamiR-92a1# 1.0 1
LPS hsamiR-92a1# 1.3 0.165
RT 001 hsamiR-92a1# 1.1 0.424
CTL hsamiR-93# 1.0 1
LPS hsamiR-93# 1.3 0.416
RT 001 hsamiR-93# 1.2 0.147
CTL hsamiR-935 1.0 1
LPS hsamiR-935 1.0 0.858
RT 001 hsamiR-935 1.0 0.945
CTL hsamiR-938 1.0 1
LPS hsamiR-938 1.2 0.487
RT 001 hsamiR-938 15 0.192
CTL hsamiR-942 1.0 1
LPS hsamiR-942 0.8 0.284
RT 001 hsamiR-942 1.2 0.389
CTL hsamiR-99a 1.0 1
LPS hsamiR-99a 0.7 0.180
RT 001 hsamiR-99a 15 0.053
CTL hsamiR-99b 1.0 1
LPS hsamiR-99b 0.3 0.351
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CTL mmu-miR-129-3p 1.0 1

RT 001 mmu-miR-129-3p 0.3 0.302

LPS mmu-miR-140 1.0 0.937

CTL rno-miR-29c# 1.0 1

RT 001 rno-miR-29c# 1.1 0.937

LPS rno-miR-7# 1.6 0.180

CTL hsamiR-1 1.0 1

RT 001 hsamiR-1 1.2 0.436
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Figure 4.24. Ct Scatter plot shows there are differences in miRNA profiles
between Hek TLR4/MD2/CD14 cells stimulated with LPS and SLPs from RT 001.
Hek TLR4/MD2/CD14 cells from three biological replicateswere plated ax1®®
cells/mL andallowed to adhere for 1Bours to approximately 88 confluency Cells
were stimulated with 100 ng/mL LPS or 20 pg/mL SLPs from RT 001 for 8 hOetls.
were harvested and total RNA was extracted gisiniRVan& miRNA isolation Kkit.
350 ng starting totaRNA was converted to first strand BIA using specific stem loop
primers, thgroducs of whichwereused in gore-amplificationPCR reactionSamples
were addedto PCR reaction mixes and added to eadll wn Applied Biosytems®
Tagman® Low Density Array (TLDA) HunmamiRNA cardspool A and poolB. The
cards were sealed and ran the Applied Biosystems 70BT Fast Real Time PCR
Machine. The SDS files were exportaad data from pool A and pool B cardsabsed
using ExpressionSuiteofware The Ct scatter ot shows the relationship betweg
CTL VO6B)CORS Vds SLPs fQbmMSRVOOOSLEBSEAf rom
all miRNAs in the profiling study.
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Figure 4.25. Volcano plot showing four miRNAs are significantly differentially
regulated when Hek TLR4/MD2/CD14 cells were stimulated with LPS. Hek
TLR4/MD2/CD14 cells from three biological replicates were plated at 2zélls/mL

and allowed to adhereoff 18 hours to approximately 60% confluency. Cells were
stimulated with 100 ng/mL LP$&r 8 hours Cells were harvested and total RNA was
extracted using mi RVanaE mi RNA isolatio
converted to first strand cDNA, the products of which were used in-anpgéication

PCR reaction. Samples were added to PCR reactioasnard added to each well on
pool A and pool BTLDA human miRNA cardsThe cards were sealed and ran on the
Applied Biosystems 7900HT Fast Real Time PCR Machine. The SDS files were
exported and data from pool A and pool B cards analysed using ExpressonSui
software v1.0.3. The max Ct was set to 37.0 with a threshold of 0.1 and the reference
group was set to the control cell group. Global normalisation was carried atigkerela
gene expressionalculated. The Benjamitlochberg false diswery rate was useib
adjustp-v al ues a n dt-test applieduvdlges Di® @  Owefe Tonsidered
statistically significant compared with the control grolipe volcano plot displays
log10p-value \slog2 fold change The pvalueand foldchange boundas wereset a

0.05 & 1.0. Targetsabove thehorizongal line havestatistically signiicant fold changes.

The top leftquadrant shows miRNAsrgetsthataredownregulated while the top right

guadrant shows miRNA targets that are up regulated.
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Figure 4.26. Volcano plot showing 12miRNAs were significantly differentially
regulated when Hek TLR4/MD2/CD14 cells werestimulated with SLPs from RT
001.Hek TLR4/MD2/CD14 cells from three biological replicatesere plated aex1C®
cells/mL andallowed to adhere for 1Bours to approximately 88 confluency Cells

were stimulated with 20 pg/mL SLPs from RT Ofat 8 hours Cells were harvested

and total RNA was extracted using miRV&naniRNA isolation kit. 350 ng starting

total RNA was converted to first strand b3, the producs of which wereused in a
preampPCR reactionSamples weraddedto PCR reaction mixes and added to each
well onpool A and pool BTLDA human miRNA cards. The cards were sealed and ran
on the Applied Bosystems 79WHT Fast Real Time PCR Machine. The SDS files were
exportedand data from pool A and pool B cards analysed using ExpressionSuite
software v1.0.3 The max Ct was set to 37.0 with a threshold of 0.1 and the reference
group was set to the controgéll group. Global normalisation was carried astdive

gene expressionalculated The BenjaminitHochberg false discovery rateas usedo
adjustp-values and ast u d etest &pplied, values ofpO 0.05 were considered
statistically significanttcompaed with the control grouplrhe volcano plot displays

logio p-value \5s log, fold change The pvalueand fold change boundaries were set at
0.05 & 1.0. Targets above the horizontal line have statistically significant fold changes.
The top left quadrant sk miRNAS targets that are down regulated while the top right

guadrant shows miRNA targets that are up regulated.
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Table 4.22. SixteenmiRNAs have statistically significant fold changesvhen Hek
TLR4/MD2/CD14 cells were stimulated with LPS and SLPs from RT O001.
Summary of statistically significanmiRNAs from Hek TLR4/MD2/CD14 cells
stimulated with either LPS or SLPs from RT 001, their relative gene expression and p

value. Data generated from pool A arabpB TLDA card analysis.

MiRNA RQ p-value Target
miR-1292 14 0.03 RT 001
miR-1293 0.2 0.002 RT 001
miR-148b 4.0 0.004 RT 001
miR-152 2.5 0.05 RT 001
miR-215 2.0 0.05 RT 001

miR-24 1.4 0.02 RT 001
miR-302c 2.7 0.03 LPS
miR-339 5.0 0.001 RT 001
miR-374a 19 0.03 LPS
miR-422 0.2 0.001 RT 001
mMiR-432# 2.3 0.04 RT 001
mMiR-543 2.6 0.01 LPS
miR-550 14 0.02 RT 001
miR-586 0.5 0.04 LPS

miR-590-5p 2.0 0.02 RT 001

miR-874 0.6 0.03 RT 001
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Table 4.23. List of miRNAs to be included in custom TLDA cardsbased on a
review of the literature andre-examination of the profiling study. We reviewed the
literature and included miRNAs known to targdiLR receptors including TLRA4,
signalling proteins, transcriptiofactors, cytokines and regulatory molecules. We also
included miRNAs that are known to be induced by LPS and miRNAs indiueoclg
infections. We reexamined the profiling study to see if the miRNAs from the literature

were present in the profiling studynost miRNAs were but jusiver the significance

value.
MiRNA Evidence from the literature Present Up or down
regulation

let-7b Barron, Sanhez, Kelly, & Clynes, 2011 Y y LPS
Chen et al., 2005; Kohlee, Chang, & ZRT001
Nissom, 2009; Kumar, 2009; Oglesby
McElvaney, & Greene, 2010

let-7c Kim, Gregersen, &iamond, 2013; Li el Y y LPS
al., 2009; Nelson et al., 2004 y RT 001

let-7d Krichevsky, 2003Li et al., 2009 Y y RT 001

let-7e Li et al.,, 2009; Virtue, Wang, & Yan¢ Y y LPS
2012; Wei et al., 2013 y RT 001

let-7e# Li et al., 2009; Virtue, Wang, & Yanc Y y LPS
2012; Wei et al., 2013 ¥y RT 001

miR-125a5p Roderburg et al., 2011 Y Z LPS

¥y RT 001

miR-132 Krichevsky, 2003; Nahid, Satoh, & Cha Y y LPS
2011; O6Connel | et y RT 001
O6 Nei I I, 2011; Tag
Baltimore, 2006

miR-145 Bandr ®s et al ., NelB' Y Z LPS
2011; Starczynowski et al., 2010 y RT 001

miR-146a Nahid et al.,, 2011; Starczynowski et ¢ N N/A
2010; Taganov et al., 2006; Xie et al., 20:
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miR-155

miR-187
miR-221

miR-221#

miR -9/#

Ceppi et al., 2009; Dai et al., 201

Kohl haas et al ., 2
Boldin, Cheng, & Baltimore, 2007; Quin
& O6Neill, 2011
Rossato et al., 2012

Wau et al., 2007

Wu et al., 20@

Bazzoni et al., 2009
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Figure 4.27 Overall Ct values follow normal distribution in miRNAs detected in
custom TLDA cards. Hek TLR4/MD2/CD14 cells from three biological replicates
were plated at 2xf@ells/mL andallowed to adhere for 18ours to approximately 60
confluency Cells were stimulated with 100 ng/mL LPS or 20 pg/mL SLPs from RT
001 and RT 027 for 8 hour€ells were harvested and total RNA wadracted using
miRVan& miRNA isolation kit. 350 ng starting totaRNA was converted to first
strand cINA, the producs of whichwere used in apreamgification PCR reaction
Samples weraddedto PCR reaction mixes and added to each well on custom made
TLDA cards. The cards eve sealed and raon the Applied Biosystems 79BT Fast
Real Time PCR Machine. The SDS files were expoderd data the cards analysed
using ExpressionSuiteofware v1.0.3 Box plot showing Ct distribution for each
treated group from three biological heptes per group. The box contains the middle
50% of the data, thblack horizontal lindndicates the median Ct value ati# black
dot denote the mean € The ends of the vertical lines indicate the minimum and

maximum Ct values and outliers are thénpooutside the ends of the whiskers.
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Table 4.24 qPCR data analysis detected 28miRNAs in Hek TLR4/MD2/CD14
cells stimulated with LPS, SLPs from RT 001 and RT 027from the 31 miRNAs
analysedon custom TLDA cards. Hek TLR4/MD2/CD14 cells from three biological
replicateswere plated at 2xfOcells/mL andallowed to adhere for 1®ours to
approximately 6@ confluency Cells were stimulated with 100 ng/mL LPS or 20
pg/mL SLPs from RT 001 and RT 027 for 8 houtglls were harvested and total RNA
was extracted using miRVaBamiRNA isolation kit.350 ng starting totaRNA was
converted to first strand @A, the producs of which wereused in gore-amplification
PCR reactionSamples weraddedto PCR reaction mixeand added to each well on
the customTLDA cards. The cards were sealed and ganthe Applied Biosystems
7900HT Fast Real Time PCR Machine. The SDS files were expartdddatgrom the
custom cardsvereanalysed using ExpressionSuitdte/are v1.0.3The max Ct was set
to 37.0 with a threshold of 0.1 and the reference group was set to the control cell group.
U6 snRNA wa used tocorrect for variation of RNA inpuiindrelaive gene expression
wascalculated A St u d etestwdssapplied and values @O 0.05were considered

statistically significantomparedo the control group.

Group Target RQ p-value
CTL hsalet-7b 1.0 1.000
LPS hsalet-7b 0.9 0.646

RT 001 hsalet-7b 0.8 0.299

RT 027 hsalet-7b 0.05 0.030
CTL hsalet-7c 1.0 1.000
LPS hsalet-7c 0.8 0.621

RT 001 hsalet-7c 1.0 0.997

RT 027 hsalet-7c 0.1 0.007
CTL hsalet-7d 1.0 1.000
LPS hsalet-7d 0.7 0.359

RT 001 hsalet-7d 0.9 0.280

RT 027 hsalet-7d 0.1 0.001
CTL hsalet-7e 1.0 1.000
LPS hsalet-7e 0.6 0.088

RT 001 hsalet-7e 0.7 0.070

RT 027 hsalet-7e 0.1 0.0001
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LPS hsamiR-125a5p 0.8 0.271

RT 027 hsamiR-125a5p 0.4 0.007

LPS hsamiR-1292 0.7 0.564

RT 027 hsamiR-1292 0.2 0.007

LPS hsamiR-132 1.0 0.722

RT 027 hsamiR-132 0.1 0.001

LPS hsamiR-145 1.0 0.956

RT 027 hsamiR-145 0.2 0.001

LPS hsamiR-146a 1.6 0.227

RT 027 hsamiR-146a 0.6 0.068

LPS hsamiR-148b 0.9 0.803

RT 027 hsamiR-148b 0.1 0.010

LPS hsamiR-152 0.8 0.652

RT 027 hsamiR-152 0.1 0.012

LPS hsamiR-155 0.7 0.375

RT 027 hsamiR-155 0.03 0.0002

LPS hsamiR-215 14 0.401
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RT 027 hsamiR-215 0.2 0.027
CTL hsamiR-221 1.0 1.000
LPS hsamiR-221 0.8 0.482

RT 001 hsamiR-221 0.8 0.315

RT 027 hsamiR-221 0.03 0.021
CTL hsamiR-24 1.0 1.000
LPS hsamiR-24 1.2 0.395

RT 001 hsamiR-24 11 0.212

RT 027 hsamiR-24 0.4 0.036
CTL hsamiR-339-5p 1.0 1.000
LPS hsamiR-339-5p 1.0 0.931

RT 001 hsamiR-339-5p 0.9 0.744

RT 027 hsamiR-339-5p 0.2 0.0003
CTL hsamiR-374 1.0 1.000
LPS hsamiR-374 0.7 0.282

RT 001 hsamiR-374 0.7 0.264

RT 027 hsa-miR-374 0.2 0.019
CTL hsamiR-422a 1.0 1.000
LPS hsamiR-422a 0.5 0.320

RT 001 hsamiR-422a 0.8 0.843

RT 027 hsamiR-422a 0.1 0.013
CTL hsamiR-432* 1.0 1.000
LPS hsamiR-432* 1.1 0.646

RT 001 hsamiR-432* 1.1 0.531

RT 027 hsamiR-432* 0.1 0.010
CTL hsamiR-543 1.0 1.000
LPS hsamiR-543 1.2 0.557

RT 001 hsamiR-543 0.7 0.360

RT 027 hsamiR-543 0.1 0.003
CTL hsamiR-586 1.0 1.000
LPS hsamiR-586 0.6 0.198

RT 001 hsamiR-586 0.6 0.070

RT 027 hsamiR-586 0.05 0.015
CTL hsamiR-590-5p 1.0 1.000
LPS hsamiR-590-5p 0.9 0.823
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RT 027 hsamiR-590-5p 0.2 0.015

LPS hsamiR-9 0.8 0.747

RT 027 hsamiR-9 0.1 0.019

LPS hsamiR-9* 0.9 0.871

RT 027 hsamiR-9* 0.2 0.001

LPS hsamiR-1293 1.3 0.491

RT 027 hsamiR-1293 0.179 0.08

LPS hsamiR-221* 14 0.412

RT 027 hsamiR-221* 0.04 0.06

LPS hsamiR-221 0.8 0.482

RT 027 hsamiR-221 0.03 0.021

LPS hsamiR-550 1.2 0.379

RT 027 hsamiR-550 0.05 0.02
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Figure 4.28 Ct Scatter plot shows there are differences in miRNA profiles between
Hek TLR4/MD2/CD14 cells stimulated with LPS, SLPs from RT 001 and RT 027
compared to the control Hek TLR4/MD2/CD14 cellsfrom three biological replicates
were plated at 2xf@ells/mL andallowed to adhere for 18ours to approximately 60
confluency Cells were stimulated with 100 ng/mL LPS or 20 pg/mL SLPs from RT
001 and RT 027 for 8 hour€ells were harvestechd total RNA was extracted using
miRVan& miRNA isolation kit. 350 ng starting totaRNA was converted to first
strand cNA, the product of which wassed in goreampPCR reactionSamples were
addedo PCR reaction mixes and added to each well on custade TLDAcards. The
cards were sealed and ran the Applied Biosystems 79BT Fast Real Time PCR
Machine. The SDS files were exportadd data from the cards was analysed using
ExpressionSuitedftware v1.0.3The Ct scatter ot shows the relationshipebveenA)

CTL VoB)CORSVo6s SLPs f@QGEGMLRYOOHOSLR®mdAfrom
all miRNAs in the profiling study with custom cards. Ct values are not entirely linear as
they fall outside of the line.
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Figure 4.29 Ct Scatter plot shows there are differences in miRNA profiles between

Hek TLR4/MD2/CD14 cells stimulated with LPS, SLPs from RT 001 and RT 027
compared to each otherHek TLR4/MD2/CD14 cellsfrom three biological replicates

were plaed at 2x18cells/mL and allowed to adhere for 8urs to approximately 60
confluency Cells were stimulated with 100 ng/mL LPS or 20 pg/mL SLPs from RT
001 and RT 027 for 8 hour€ells were harvested and total RNA was extracted using
miRVan& miRNA isolation kit. 350 ng starting totaRNA was converted to first
strand cNA, the product of which wassed in goreampPCR reactionSamples were
addedo PCR reaction mixes and added to each well on custom made G&ida. The

cards were sealechd ranon the Applied Biosystems 79BT Fast Real Time PCR
Machine. The SDS files were exported and data from the cards was analysed using
ExpressionSuiteddtware v1.0.3The Ct scatter pot shows the relationship betweAh

LPS V6s SLPsSB)EPSOMORT SQ@% f CpSPsRAM RTIPOAL an d
Vés SLPs from RT 027 for all/l mi RNAs i n

values are not entirely linear as they fall outside of the line.
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Figure 4.210 Visual representation of miRNAs differentially regulated whenHek
TLR4/MD2/CD14 cells werestimulated with LPS and SLPs from RT 001 and RT

027. Hek TLR4/MD2/CD14 cells from three biological replicatesere plated at 2x£0
cells/mL andallowed to adheréor 18 hours to approximately 88 confluency Cells

were stimulated with 100 ng/mL LPS or 20 pg/mL SLPs from RT 001 and RT 027 for 8
hours. Cells were harvested and total RNA was extracted using miF&/améiRNA
isolation kit.350 ng starting totdRNA was converted to first strand B3, the product

of which wasused in apreamp PCR reaction Samples weraddedto PCR reaction
mixes and added to each well on custom TLEa#ds. The cards were sealed andom

the Applied Biosystems 79BT Fast Real Time PCR Machine. The SDS files were
exportedand data from the cards was analysed using Expression$tiiiare The
profiles of 31 miRNAs were visualised using a supervisedt map(average linkage

and Pears rs &correlation).The heat map shows the corresponding relative miRNA
expression levels rendered in a greed colour scale, retepresentsigh expression
level, greerrepresentéow expression level and black being absence of detedfiach

row repreents a single miRNA and each column represents an individual sample.

Dendograms indicate the correlation between groups of samplesiBhAs.
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Veleane Plot (P-Value vs Fold Change)
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Figure 4.211 MiR-145 and miR146a were significantly up reguhted when Hek
TLR4/MD2/CD 14 cells were stimulated with SLPs from RT 001. Hek
TLR4/MD2/CD14 cells from three biological replicatesere plated at 2xf@ells/mL
and allowed to adhere for 18ours to approximately 686 confluency Cells were
stimulated with20 ph/mL SLPs from RT 001 for 8 hour€ells were harvested and
total RNA was extracted using miRVadhamiRNA isolation kit.350 ng starting total
RNA was converted to first strand bIB, the producs of which wereused in goreamp
PCR reactionSamples weraddedto PCR reaction mixes and added to custom TLDA
cards. The cards were sealed and santhe Applied Biosystems 70BIT Fast Real
Time PCR Machine. The SDS files were exportedl data from the custom cards
analysed using ExpressionSuit#tarare Themax Ct was set to 37.0 with a threshold
of 0.1 and the reference group was set to the control cell group. U6 snRN/sedhto
correct for variation of RNA inpuaind relaive gene expression waslculated A

st u d etsest dvas applied and values @O 0.05 were considered statistically
significantcomparedo the control groupThe volcano plot displaydog:o p-value \s
log, fold change The pvalue and fold change boundaries were seDab & 1.0.
Targets above the horizontal line have statisficsitjnificant fold changes. The top left
quadrant shows miRNAs targets that are down regulated while the top right quadrant

shows miRNA targets that are up regulated.
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Volcano Plot (P-Value vs Fold Change)
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Figure 4.212 Twenty three miRNAs were significantly down regulated whenHek
TLR4/MD2/CD14 cells were stimulated with SLPs from RT 027. Hek
TLR4/MD2/CD14 cells from three biological replicatesere plated at 2xf@ells/mL
and allowed to adhere for 18ours to approximately 6@ confluency Cdls were
stimulated with 20 pg/mL SLPs from RT 027 for 8 houtells were harvested and
total RNA was extracted using miRVadhamiRNA isolation kit.350 ng starting total
RNA was converted to first strand bIB,, the producs of which wereused in goreamp
PCR reactionSamples weraddedto PCR reaction mixes and added to custom TLDA
cards. The cards were sealed and ganthe Applied Biosystems 70BIT Fast Real
Time PCR Machine. The SDS files were exportedl data from the custom cards
analysed using ExpssionSuite agftware The max Ct was set to 37.0 with a threshold
of 0.1 and the reference group was set to the control cell group. U6 snRN/sedhto
correct for variation of RNA inputind relaive gene expression waslculated A

st u d etsest dvas applied and values @O 0.05 were considered statistically
significantcomparedo the control groupThe volcano plot displaydog:o p-value \s
log, fold change The pvalue and fold change boundaries were seD&5 & 2.0.
Targets above the horizontale have statistically significant fold changes. The top left
guadrant shows miRNAs targets that are down regulated while the top right quadrant

shows miRNA targets that are up regulated.
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Table 4.25 Four miRNAs of interest were chosen for further validation based on
the differences between expression in response to SLPs from RT 001 and RT 027.
23 miRNAs hadstatistically significant folds changes when Hek TLR4/MD2/CD14
cellswerestimulated with SLPs frorRT 001 and RT 027The miRNAs highlighted in
yellow are of most interest to us based on the possible differences b&wiegrirom
RT 001 and RT 027 therefolet-7e, miR155, miR146a and miRL45were choseffor

further validation

RT 001 RT 027
let-7e z 27
miR-155 z Z
miR-146a g z
miR-145 y z
Let-7b Z z27
Let-7¢c ya z
let-7d Z z7
miR-125a5p Z 27
miR-1292 Z zZ7
miR-132 Z z27
miR-148b Z z27
miR-152 Z zZ7
miR-215 Y z27
miR-221 Z z27
miR-24 % z
miR-339-5p z z7Z
miR-374 Z z27
miR-422a Z zZ7
miR-432 ¥ z
miR-543 ¥ z
miR-586 Z zZ7
miR-590-5p z z7Z
miR-9 7 z7Z
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Figure 4.213 MiR-146a, miR145, miR-155 and let7e are differentially regulated

in Hek TLR4/MD2/CD14 cells stimulated with SLPs from RT 001 and RT 027

Hek TLR4/MD2/CD14 cells from three biological replicatesere plated at 2xf0
cells/mL andallowed to adhere for 1Bours to approximately 88 confluency Cells
were stimulated with 100 ng/mL LPS, 20 pg/mL SLPs from RT @6d RT 027 for 8
hours.Cells were harvested and total RNA was extracted using miF&/améiRNA
isolation kit. 350 ng starting totaRNA was converted to first strand b3, the
producs of which wereused in gore-amgification PCR reactionSamples weradded

to PCR reaction mixe®r individual Tagman miRNA assagsid added to wells on a 96
well PCR plate. The plate wasn on the Applied Biosystems 79BT Fast Real Time
PCR Machine. The SDS files were exportmtd data from the PCR plate analysed
using ExpressionSuitefiware The max Ct was set to 37.0 with a threshold of 0.1 and
the refeence group was set to the control cell group. U6 snRN#&wsed tacorrect for
variation of RNA inputandreldive gene expression wasilculated Results show the
mean(x SEM) from three biological replicates with 3 technical replicates each. The
Mann Whtney U-test was used to test for significance comparing miRNAs induced by
SLPs from RT 001 with SLPs from RT O2¢here *pO 0. Op®, 0* ®1 p&nd
0.001.
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Figure 4.214 SLPs from RT 001 and RT 027 induce the production of murine IE1

b, T, MER] IL -6, RANTES and MIP-2 in JAWS Il cells.JAWS Il Cells were
plated at 1x1®cells/mL and stimulated with 100 ng/ml of LPS or 20 pg/mL SLPs from
RT 001 and RT 027. Supernatants evezcovered after 18 hours and assessed for levels
of cytokines and chemokines using ELISA. The results show the mean (9§ SEM
measuredh triplicate, oneway ANOVA followed by NewmasKeuls analysis was used

to determine if differences between treatmentugso were significantly different
compared to the control, where®p 0. 05, ** pO 0.01 and *

indicative of three independent experiments
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Figure 4.215 MiR-146a and miR145 miR-155 and let7e are differentially
regulated in JAWS II cells stimulated with SLPs from RT 001 and RT 027JAWS

Il cells from three biological replicatewere plated at 2xfOcells/mL Cells were
stimulated with 100 ng/mL LPS, 20 ug/mL SLPs from RT 001 and RT 027 for 8 hours.
Cells were harvesteand total RNA was extracted using miRVEnaniRNA isolation

kit. 350 ng starting totaRNA was converted to first strand BB, the product of

which wereused in apreamp PCR reaction Samples were@addedto PCR reaction
mixes for individual Tagman miRNA assays and added to wells on a 96 welpRER

The plate was ruon the Applied Biosystems 79BT Fast Real Time PCR Machine.
The SDS files were exported and data from the PCR plate analysed using
ExpressionSuitedastware The max Ct was set to 37.0 with a threshold of 0.1 and the
reference groom was set to the control cell grogmoRNA202was used tocorrect for
variation of RNA inputandreldive gene expression wasilculated Results show the
mean(x SEM) from three biological replicates with 3 technical replicates each. The
Mann WhitneyU-test wasused to test for significanammparing miRNAs induced by
SLPs from RT 001 with SLPs from RT ORhere *pO 0. Opp, 0* ®1 p@nd *:

0.001.Theresultsareindicativeof three independent experiments.
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Table 4.26 Expression of miR-146a, miR145, miR-155 and let7ein response to
SLPs from RT 027is similar in Hek TLR4/MD 2/CD14 cells andJAWS II cells.
Summary ogPCRdata fromHek TLR4/MD2/CD14 cells and JAWS Il cells stimulated
with LPS,SLPs fromRT 001 and RT 027.

Hek TLR4/MD2/CD14 JAWS ||
LPS RTO001 | RT027 | LPS | RT001| RT 027
miR-146a g g 27 z g 27
mMiR-145 z y z y z z27
miR-155 Z z z Y % z
let-7e Z Z 27 g z z
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4.3 Discussion

TLR signalling plays an important role in detecting pathogens and initiating the
inflammatory response. It has now emerged that these TLR pathways are highly
reguldaed by miRNAs and there is evidence to suggest they function as
immunomodulatory Co | | & OO6Nei |l | , . Diffetedces irHmiRNA t al
expression profiles have been observed depending on the TLR stimulus use@ntreatm
time, technology used and the cell typ&#RNAs havebeen shown to be involved in
innate immunity by regulating TLRsignalling and ensuing cytokine response by
targeting a variety of signalling proteins, regulatory molecules and transcription factors
(Dalal & Kwon, 2010; He et al., 2014; Sonkoly et al., 2008)RNAs also regulate
central elements of the adaptive immune response such as antigen presentation, T cell
receptorsignallingand the interferon syste(€ullen, 2006; Sonkoly et al., 2008)here

is mounting evidence that miRNAs orchestratenimme regulation and host responses to

pathogens during infectigi®onkoly et al., 2008)

Until recently little was known about the recognition ©f difficile by the immune
system, howeveresearchfrom our laboratory showedthat SLB from C. difficile
activate TLR4, with subsequent activation of downstream signalling pathways known to
be important in the immune response to infectj@ollins et al., 2014; Ryan et al.,
2011) SLPs from ribotype 001fail to fully activate all signalling pathwaysa TLR4
(Ryan et al., 2011)n the previous chapter we showed that SisBlated from ribotge

001 activate NFeB signalling andhey do not activate IRF3 downstream of TLRh

the other hand SLPs fronbotype 027 activate both N8B and IRF3signalling The
severity ofC. difficile infection may be dependent on the strain pre@abrhuis et al.,
2007; Rupnik et al., 2009) Some ri botypes ar e otme,r e 0
ribotype 027 is associated wit more severe diarrhoea, higher mortality andreno
recurrences. In comparison riboty@®1 is assoeited with milder infection and
clearance of the bacter(&€lements et al., 2010; Dawson et al., 2009; Goorhuis et al.,
2007; Loo et al., 2005%iven the role of mIRNAS in the regulation of Ré signalling

and duringinfection, we hypothesise that SLPs induce miRNAs and thdil@sanay

differ between ribotypesThesemiRNAs may modulate TLR4 signalling ultimately
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leading to changesin the immune response 6. difficile, which may explain the
differences in clinicasymptoms btweendifferent ribotypesThe aim of this chapter
was to profileand compareniRNA expressiorregulatedby SLPs from ribotypes001
and 027

SLPs modulate TLR4 signalling therefore we wanted to examine miRNA profiles
induced by SLPsvia TLR4 signalling spcifically, for that reason Hek
TLR4/MD2/CD14 cells were used throughout the initial profiling studies. We also
incorporatd cells stimulated with LPS in our studg itis a known TLR4 agonist that
activates NFfe B and | RF@kashiegah,&200B;iTarggKawai & Akira, 2007;
Laird et al., 2009)Evidence from the literature shonsPS induceaniRNAs such as
miR-155, miR125, miR9, the let7 family, miR-145, miR146a and miRL87. These
mMiRNAs havebeen showna modulate the immunesponsencluding key molecules
involved in the TLR4 signalling pathway8 hours post immune stimulation vitro
(Curtale et al., 2013; Rossato et al., 2012; Tili et al., 206/ wanted to ensure that
samples generate@ftected the correct signalling profile at this 8 hour time point as
seen when stimulated at 18 hours in our previous chapter. As exp8tfedfrom
ribotype 001 and O2&activatedNF-a B s i g &Pk fromrrilgotype 02activated
IRF3 signallingbut SLPsfrom ribotype 001 failed to indudhis response. The profile

at gene level wageflected inthe production of humaiiL-8 and RANTEScytokines
Once we were confident we were generatimg correct signalling profilaye went on

to profile miRNAsat this8 hour time pointinitially we profiled control untreated cells
and compared them tells stimulated with LPS and SLPs from ribotype 001.

Over the last number of years various strategies have been developed to identify and
characterise miRNAs, quantitetly and qualitatively. Methods include cloning,
hybridisation, deep sequencing, northern bloftimgcroarrays andPCR (Lhakhang &
Chaudhry, 2012)Each method has their advantages and disadvantages but the approach
we choosdor this study wag)PCR it is the gold standard for miRNA detectidoe to

its sensitivity, specificity, and wide dynamic range. Also the less abundant miRNAs
routinely escape detection with the other technolo@#d®n et al., 2005; Lim, Glasner,
Yekta, Burge, & Bartel, 2003We used Tagman® Low Density ArrdyLDA) cards

with preloaded primers for pool A v2 and pool B v3 human miRNAs to look at mature
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MiRNA expression. Multiple stedmop reverse transcriptioprimers produce cDNA for
multiple miRNAs therefore increasing the number of miRNAs being reverse transcribed
within a singlereverse transcriptioneaction(Fiedler, Carletti, & Christenson, 2010)
This method allowed us to usesmall amount of stéing material andexamine756
MIiRNA targets between the two sets ofdsa Preamplification uniformly amplifies
desired cDNA by increasing the amount of starting tempdaue this enhances the
sensitivity of gQPCR egzially for low abundance gené¢hlloutsias et al., 2008)The
substantially higher cDNA amountsxpand the number of th target genes which can
be analysedvithout biasing the estimation of miRNA expression rdthen et al.,
2009) We optimised the assay to see if-araplification was necessary for our study,
we ran cards with and without paenplification product. We saw an increase in the
amount of cDNA, so as not to lose arfytlee low abundance miRNAs we used the-pre

amplification reaction for all samples thereafter

We generated a large data set and how this data was managed was very important. We
implemented strict quality contrdlQC) guidelines and thresholds to elimindtdse
positive/negative results. In this study we had three biological replicates so we had to
compare samples between cards. The purpose of normalisation is to reduce variation
within a dataset, enabling a better appreciation of the biological varijiestdagh et

al., 2009) A proper normalisation strategy is crucial for any qPCR data analysis, it
minimises the effects of systematic technical variations and is a prerequisite for getting
meaningful biological change@Veyer et al., 2012)For large scale miRNA expression
profiling studies, global normalisation out performs the normalisation strategies using
endogenous controldestdagh et al., 2009After careful consideration we thought

this was the best approach under the circumstances due to the large data set, constraints
with the number of technical and the biological replicates for this initial scfaeman

assays are designed to include a passive internal reference dye and a reporter dye which
are amplified simultaneously in the presence of a target sequence using a labelled
fluorophore, which emits light at a different wavelength than the fluorophorefoised

the target sequence assay. The two fluorophores are detected in different channels by
the realtime PCR instrumenfJothikumar, Hill, & Narayanan, 2009fhe namalised
reporter ORNOG value is taken into accoun

dividing the fluorescence of the passive dye by the fluorescence of the reporter dye to
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normalise the reaction. This improves the precession of the datacaodnts for
variability in the optics, uneven illumination and the amount of condensation present
(Jothikumar et al., 2009Dne& we had applied the QC checks aadied out the global

normalisationwe set our reference group as the untreated control cell group.

The relative gene expression was calculatesli ng t he mct met hod
change (RQjLivak & Schmittgen, 2001)increasing the number of tests increases the
probability of finding a significant walue by chance and to avoid this effect the
BenjaminiHochberg False DiscoveryRate (FDR)was used to adjusp-values
according to the number of total tests. The statistics used-iasa @re defined as the
difference of the arithmetric mean of two groups divided by the estimated standard
deviation of that difference. Thedst satistic runs under the assumption that the given
variable follow normal distribution(Goni et al., 2009;Li, 2012) Therefore we
examined the overall Ct value distribution for each sample from the data generated from
the TLDA cards The overall Ct values folloed normal distribution therefore we
applied a-tess wher evalue® shpO t 0. 05 wer e consi dert

significant compared with the control cell group.

gPCR data analysis revealed 248 miRNAs were detemtdof the 756 miRNAs
analysedIn order to fully elucidate differensdetween individual miRNA targets with
statidically significant fold changewe utilised volcano plotdviiR-155, miR9, the let

7 family, miR-145, miR146a and miRL87 have all been shown to be induced by LPS

in the literaturg(Curtale et al., 2013; Rossato et al., 20T et al., 2007) Although

not significantly expressed these miRNAs were shown teegelatedby LPS in our

study, thus validating our experimental meth@ée cannot rely on RQ values alone to
evaluate differential expression of our data. Accordiogthe literature RQ is a
reasonable measure of effect size however, it is widely considered to be inadequate
because as it does not incorporate variance and offers no associated level of confidence
(Allison, Cui, Page, & Sabripour, 2006; Hsiao, Worrall, Olefsky, & Subramaniam,
2004; Miller, Galecki, & ShmookleReis, 2001) There is a relationship however
between RQ and test statistics when both are transformed logarithnfldalB012).

We identified the miRNA targets for this study by examining the upper right and left

quadrant of the volcano plot for statistically significant targets Veitge magnitude
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fold changesThree miRNAsmiR-543, miR302and miR-374awere up regulated in
response to LPS and m#86 was down regulated. None of these miRNAs have been
shown before to be differentially expressed in response to LREB dLR4 signallirg

in human or murine cellbefore therefore we have potentially uncovered novel
mMiRNAs that rgulate this signalling pathwaWe also identified for the first time novel
mMiRNAs that were up regulated in response to Sifm ribotype 001; miR339-5p,
miR148b, miR5965p, miR24, miR550a, miR1292 miR-432# miR-215and miR152

On the other hanthiR-422a, miR874 and miR1293 were down reguldten response

to SLPs from ribotype 001 compared to the control cétighe literature miRL48a/b
has been shownotinhibit the expression of calcium/calmodutiependent protein
kinase Il, and thus they can regulate F&igBnalling pathwaygHe et al., 2014)Some

of the other miRNAsvere foundin other models of disease and present in epithelial
cells in the gut, for instance mMiRL5 has been associated with colon caféeng et al.,
2010) However he 16 miRNAs identified from the experimental profiling study

needed to be validated further.

We bkegan by reviewingthe literaturefor miRNAs known to regulate key elemsruf
TLR4 signalling ncluding: signalling proteins, transcription factors, cytokines and
regulatory molecules, to create a short list of potential miRNAs efaat. MiRNAs

that were known to be induced by LPS and induced during an immune response to
infectionwerealso inclued We re-examined the profiling study to see if the short list
of mMiIRNAs were present in the initial experimental profiling study. The miRNAs
identified from theliterature were in fact present but were over the significance value
set in this experimenCustom TLDA cards wereommissioned and targets on these
cardsincluded the 16 miRNAs from the experimentabfiing study and the 15
MiRNAs from the review of the literaturd@he approach to data analysis had to be
altered due to the decrease in thalteiumber of tests from 756 to 31. We used the
endogenous control U6 snRNfar data normalisationNew samplesvere generated
and stimulatedwith LPS, SLPs from ribotype001 and 027. V¢ were also able to
increase the number of technical replicdtess redicing potential variatiogPCR data
analysis showediR-145 and miR1l46a were significantly upegulated in response to
SLPs from ribotype 001. On the other hdhdre was a striking global dowagulation

of let-7b, let7c, let-7d, let7e,miR-125a5p, miR-1292, miR132, miR145, miR148Db,
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miR-152, miR-155, miR221, miR24, miR3395p, miR374, miR422a, miR432*,
mMiR-543, MmiR586, MiR590, miR9, miR-9* and miR221 in response to SLPs from
ribotype 027 Hierarchcal clusteringanalysisshowedthatmiRNAs induced inresponse
to SLPs from ribotype 001 and O2®Were grouped together in distinctive clades
MiRNAs contained withinthesebrancheswere more likely to be expressed together
based on the experimental data in this stulig will have to be furtheralidatedin

future work

Four miRNAs let-7e, miR155, miR146a and miRL45 were chosen for further
validation based on the differences between expression in response to SLPs from
ribotype 001 and 02'Again we used U6 snRNA for data analysis however sesluhe

Mann Whitney U-test when testing for significance. This statistical test was chosen
because of the uncertainty of normal distribution due to low number of miRNA targets
in this experimental stud{Goni et al., 2009)gPCR data using ndividual Tagman
assaysconfirmedthat each of the miRNAs were down regulated in response to SLPs
from ribotype 027 and that miR46a and miRL45 were up regulated inggonse to
SLPs from ribotype 00Me then validated these results in another cell line. We choose
the murine dendritic cell line JAWS 1l as they behave in a similar way to BMDCs.
JAWS II cells differ from BMDCs in that they fail to release thell cytokine family

which include 11-:12, I1L-23 ard IL-27 and 1L-:35 (Collins et al., 2014; Jgrgensen et al.,
2002; Zgala et al., 2011We observedhat RANTES was produced in JAWS Il cells
when stimulated with SLPs from ribotype Q®ibwever, the trend was the same in that
ribotype 027 produced more RANTES compared to ribotype 001 as seen in the Hek
TLR4/MD2/CD14 cels. JAWS 1l cells stimulated with SLPs from ribotype 001 and 027
induced the production of murine cytokine and chemokines indicating the SLPs induced
an immuneresponsen these cellsWe used snoRNA202 to correct for variation in
RNA input, this is a muri@ small RNA endogenowntrolandwas used as it showed

the least variation across sampigBCR datanalysisshowed that miRL46a, miR145,
miR-155 and lef7e were down regulated in response to SLPs from ribotype 027 and
this wascomparabldo therespmseseen in the human Hek TLR/MD2/CD14 cell line.
There were slight differences in the levels at which these miRNAs were expressed
between the cell lines. Howeverevshowed that there were distinct miRNA profiles

175



regulatedoy SLPs from ribotype 001 and 02Which differed between ribotypest this
8 hour time point.

Our data showshat SLPs from ribotyp®01 and027 down regulateet-7e in both
human and murine cell€vidence from the literature shows, the mRNA encoding
TLR4 is regulated by members of tle-7 miRNA family and can be targeted by other
isoforms of the let7 family, such as lefi. Down regulation of le¥i expression was
shown to increase TLR4 expression by human epithelial cells @ffgatosporidium
parvum infection or LPS treatment Ch e n Splinter, OdKHar a,
mouse peritoneal macrophages, the induction efdetxpression decreases cell surface
expression of TLRA4furthermore thetransfection of macrdpages with antisense
MIiRNA to let7e leads to an increase®S induced cytokine respong&ndroulidaki et

al., 2009) It is possible that the SLPs from both ribotypes @#ilet7e to activate TLR4
signalling and increasecell surface marker expression leadingthe production of
cytokines Our data also showed that miR6a and miRL45 were up regulated in
human and murine cells lines in response to SLPs from ribotypeid@bmparison
these miRNAs were down regulated by SLPs from ribotype DERNA expression
has been shown to contribute to disease. For example, loss df4BiRnd miR146a
transcripts within the 5qg locus identified these miRNAs as key mediators of 5q
syndrome, a haematopoietic malignancy that progiedse acute myeloid leukaemia
(Starczynowski et al., 2010%tudies have shown thahenmiR-145 and miRl46aare
absentheir targets Mal IRAK1 andTRAF6 areup regulatedlzar, Mannala, Maheil,
Chakraborty, & Hain, 2012; Taganov et al., 200B)is possible that the down
regulation of miR145 and miRl46a induced in response to SLPs from ribotype 027
leads to up regulation of Mal, IRAK1 and TRAF&Il three are implicated in N& B
signaling pathways.This may account for the increased potency of the immune

responséo ribotype 027 compared to the immunspanse to ribotype 001.

Lastly our data showed that miE®5 was down regulated in both human and murine

cell lines in response to SLR®m ribotype 027 compared to SLPs from ribotype 001.

The role of miR155 inthe TLR responsés more complex' O6 Nei | | et al
Studies usinginhibition or over expressiorof miR-155 has shown that milR55

negatively regulates the expression of cytokines and chemokines suchlasntL
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CXCL8 (Ceppi et al., 2009; Tang et al., 2010; Xiao et al., 2009) the other hand,
miR-155 is required for the expression ctrtain cytokines andype | IFNs
(Androulidakietal.,A09; O6Connel | et alzhoyetd. 02010); Wa'l
An effect that is probably mediated by the targeted suppression of suppressor of
cytokine sgnalling 1 (SOCS1) and/or SHIP1, two negatnegulators of cytokine
mediatorsand TLR signalling pathway@ndroulidaki et al., 2009%Vang etal., 2010;
Yoshimura, Naka, & Kubo, 2007L-10, which is an important regulator of both innate

and adaptive imune responses, can inhibit LRS&duced expression of milR55
(McCoy et al.,, 201006 Connel | , Rao, Ch a u.dLkh10 s knpwn& Ba
to dampen the innate immune response by doegulatng TLR-induced pre
inflammatory gene expression inagrophages and DCs after pagbo infection and
caninhibit the proliferation of and cytokine production by CDH4cells( O6 Ne i | | et
2011) In the previous chapter we showed that SLPs from ribotype 027 induced the
production of IL:10 in BMDCs. It is possible that the-Il0 produced by SLPs from
ribotype 027inhibits the expression of miRL55 andthis warrants further investigation.

In the previous chapter we also showed t8&Ps from ribotype 001 appeared to
produce much less L0 and IL-1 Gin BMDCs compared to SLPs from ribotype 027
Thereforeit is possible that miRL55 expressiowasuninhibitedby IL-10 andthus able

to negatively regulateghe expression ofL-1b. Consequently we have potentially
identified a novel mechanism which SLPs modulat&LR4 signalling inresponse to

C. difficile infectionin vitro.

This profiling study and subsequent validation studigk the SLPs from ribotype 001

and 027only give us a snapshot into the signalling occurring at this particulat jpoi

time in vitro. Evidence from he literatureshowsthat these miRNAs plakey roles in
modulating TLR4and they have roles orchestrating the immune response to infection.

In the next chapter wirope to elucidatéurtherthe role miR146a,miR-145, miR155

and letrfeinNFe B and | RF3 signalling. We hmope t
vivo in a C. difficile infection model and use bioinformatics tools gearchfor
biologically relevant miRNA gene interactionsduced when SLPs activate TLR4

signaling.
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Chapter 5: Validation of mIRNA Targets
In a C. difficile Infection M odeland

Analysis of miIRNA Functionality
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5.1 Introduction

To date28,645 miRNA hairpin precursorresponding to 35,828 mature miRNAs in
223 speciedhave been determine@588 mature miRNAs are currently annotated in the
human genoméEulalio & Mano, 2015) It has beerestimatedthat up to 30% of all
human genes are regulated by miRNAs in meely types(Bartel, 2009; Fabian et al.,
2010; Yates et al., 20L3Y1iRNAs havebeen shown to b&volved in innate immunity
by regulatingTLR signallingand ensuing cytokine responig targeting a variety of
signalling proteins, regulatory molecules anihnscription factorgDalal & Kwon,
2010; He et al., 2014; Sonkoly et al., 200B)ey can als@egulate central elements of
the adaptive immne response such as antigen presientaT cell receptosignalling
andthe interferon systertCullen, 2006; Sonkglet al., 2008) There is also mounting
evidence that miRNAs orchestrate immune regulation #red host responsé¢o
pathogens during infection chapter threave showed that SLPs from ribotype 001
and 027 activate NB B and t h ethe pegponedifiergd betvieen ribotypes.
SLPs from ribotype 027 activated IRF3 signalling but SLPs from ribotype 001 failed to
induce this response. In chapter four identified 24 miRNAs that were differentially
regulated by SLPs from ribotype 001 and @8ihg gPCRWe validated the expression

of miR-146a, miR145, miR155 and leffe ina human and murine cell line

Despite their clear importance as class of regulatory molecul@etermining the
biological relevance of indivigdd miRNAs has proven challenginfidigal & Ventura,

2014) The implication of miIRNAs in human diseases warrantsriical need to
identify miRNA regulated genes ia biologically relevant contexfTarang & Weston,
2014) The functionof specific mMiIRNAs have beeoredominantlyinferred from over
expression studs in animals and cultured cells, or from studies that used antisense
molecules as a means of disrupting their pairing to tafy&dtsgal & Ventura, 2014)

The aim of the first part of this chapter is to deteenine functionality of miRL46a,
miR-145, miR155 and leffe in NFe B and | RF 3using icrgmiaallyl i n g
synthesised miRNA mimicgNonethelesshe most commonly used cellular assays are
based on the principle of studying the functional consequences of artificially
manipulating miRNAs levels. However, as the lbgical concentrations of these

mMiRNAs in vivomay be several ordeiof magnitude different than vitro conditions, it
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is essential that the results of target recogniéicerecapitulated in appropriate animal
models(Tarang & Weston, 2014)We had access ta@ bank ofRNA samplesderived
from colonic tissuérom aC. difficile infection model. Mice were treated with a cocktail
of antibiotics before being infected with310. difficile spores from ribotype 001 and
027. The colon was harvested two time points during infectiomand RNA was
extracted from the diat colon(Lynch 2014 unpublisheyl The aim of the next part of
this chapter ido examine the expression of miR6g miR-145, miR155 and lef7e

from the colonic tissugenerated ithe C. difficile infection model.
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Figure 5.11 Diagram depicting seed match between miRNA and target mRNA
(Peterson et al., 2014)

Experimental data is not enough to give a comensive view of miRNA biologylt is

thought that to get a more complete viexperimental data must be combined with
computational predicationfBentwich et al., 2005; Ghosh, Chakrabarti, & Mallick,
2007; Sachidanandam, 2008)iRNA targetprediction programs on the market today

use algorithms to model how miRNAs target specifitMAs based on four common
features A seed match occurs when adenosine pairs with uracil and guanine pairs with
cytosine between a miRNA and its target sequence at the first two to eight nucleotides
at the 506 end moving t oseekigude 5th(eewiSdgialnd of
2003; Peterson et al., 2014Tonservation refers to the maintenance of gusece
across species on regions in the 36 UTR,
of the three(Peterson et al., 2014Yhe binding of a miRNA to a candidate target

MRNA is considered more likely if it istable. Stability can be estimated by calculating
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G or free energy, negative @G measns th
stability is deemed to be increased. Site accessibility is a measure of the ease with
which a miRNA can locate andhybridis= with an mRNA target.Following
transcription, mMRNA assumes a secondary structure which can interfere with a miRNAs
ability to bind to a target site. To assess the likelihood that an mRNA is the target of a
MIiRNA, the predicted amount of energy required to make a site accessible to a miRNA
can be evaluate@ahen, Watson, Cottrell, & Fedor, 2010)

An increasing collection of prediction tools are available, each with a distinct approach
to miRNA target predictioifPeterson et al., 2014l is thought that in order to find true
mMIiRNA targets they must be flagged in more than two prediction {(Mdslden et al.,
2010; Sun et al., 2010Two recent reviews outlined the features of numerous miRNA
prediction tools andIANA stoal out from other prediction tools due to its range of
capabilities, ease of use, relatively current input data and maintenance of the software
(Eulalio & Mano, 2015; Peterson et al., 201@)ANA miRPathhighlights targets that

are also predicted by twwell-known prediction toolsand this database tapable of
detecting pathways targeltdy single or multiple miRNAsSDIANA miRPath utilises
complex algorithmsincorporating all fourof the commonfeatures; seed match,
conservation, free energy, and site asdality. It can alsoselect betweein silico
predicted miRNA gene targets and experimentally validated tarfRNA and
pathway informatiorare then related back twologically relevant genes and pathways
found inKyoto Encyclopaediaf Genes and Gemes (KEGG)Paraskevopoulou et al.,
2013; Vlachos et al., 2012)

Mi RNAs regul ate many different targets,
for multiple miRNAs, allowing for elaborate and complicated networks in which
redundancy andooperation between miRNAs determine the effect on gene expression
(Bartel, 2009; Martinez & Walhout, 200 Obermayer & Levine, 2014an Rooij,

2011) The number and disbution of miRNA binding sites anearticularly important.
Studies have demonstrated that two sites in the same or different miRNAs can act
synergistically and that the distance between neighbouring miRNA binding sites affects
the strength of the targetdown regulation (Koscianska, Witkos, Kozlowska,

Wojciechowska, & Krzyzosiak, 2015)Specifically, optimal downregulation was
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observedwen the distance between the 306 end
the subsequemiRNAwas > 7 and < 40 nt and when tF
were separated by between 13 and 39 hereforeth e t a rsqdivity depertdsoh

its surounding contex{Grimson et al., 2007; Saetrom et al., 200@rgetScan allows

the user toinput gene names argkart for predicted miRNA binding sites in the
BO0UTR of t he The ouput scfeeshowstthe mpesision of the predicted
mMiRNA binding sites andanksthem by the probability of coserved targeting 7).

The conservation athe predicted binding & in the3 6 U TdBtermirged dllowing

the analysisof possibles u b s e q fLewiscet &8.s2005) Si nce one 30
contain multiple target sites, an aggregaiei® providedthe closer the By score is to

1.0 the mordikely it is to beconservedFriedman et al., 2009T herefore hefinal aim

of the last part of this chapter is to use bioinformatacsdentify miRNA regulated

genes ira biologicallyrelevant contextising DIANA miRPathand to see if these genes
contain predicted miRNA binding sites TargetScarfor the 24 miRNAs that were
identified experimentallygiven thatmiRNAs work incomplexnetworks.
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5.2 Results
5.2.1 Optimising miRNA Mmmics for Ludferase Gene Reporters8ays

At the beginningof chaper four we hypothesisd that miRNAsmay beinduced in
response to SLPs fro@. difficile and thatthesemiRNA profiles differed between
ribotypes Subsequently econfirmed this hypothesis and found tt2zd miRNAs were
differentially regulated in response to SLPa1ir&T 001 and RT 027. We choose four
miRNAs for further validation and foundiR-146a, miR155, let7e and miRL45 were
differentially regulated imesponse to SLPs from RT 001 and RT 02Bath ahuman
and murine cell lineWe also hypothesssl that the miRNAs induced/ISLPs modulate
TLR4 signalling given thatin Chapter3 SLPs from RT 027 activated IRF3 signalling
but SLPs from RT 001 failed to induce thesponseA common method to detaine
mMiRNA functionality is totransfect cells with both luciferase reporter constructs and
increasing the amounts of the miRNA of interest with chemically synthesigRNA
mimics (van Rooij, 2011) The advantage of introducing a miRNA is that if the miRNA
actually targets the binding site in tBddTR region there will bea dosedependent
decreasén gene expressioand this can bdeterminedrom theluciferase readut To
accuratelyassessvhether miRNA/mRNA regulation occurs, transfection experiments
should be performed in the cell type of interest whalleendogenously expressed
cofactors are presefiBartel, 2009) In chapter 3 we established a luciferase reporter
gene assay for NB B a n dusingRek 3LR4/MD2/CD14 cellsThese cells contain
the machinery necessary for TLR4 signalling and they expatesssentiaendogenous
cofactors. Welecided tautilise the alreadystablished luciferasgenereporter assay to
assess ithe miRNAs of interest modulat®th arms of the TLR4ignallingpathwayby
transfecting miRNA mimics fothese4 miRNAs in Hek TLR4/MD2/CD14 cellalong
with plasmid DNA for NFe B a n d. SdeifRgFa3IL-8 and RANTEScytokine
productionwas well aligned wittiNF-e B a nd | R FiB chapteg3wa detidech g

to include ELISA analysis our study.

We began by optimising the concentrationeath of themiRNA mimics to transfect
into Hek TLR4/MD2/CD14cells,initially we useccells stimulated withhPS as a model
to study thisHek TLR4/MD2/CD14 cells were transfected with plasmid DNA required
for NFFe B and | RF 3t tkheitighwa af ltrinsfectipn incheasing amounts of
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mMiRNA mimics for miR146a, miR145, let7e and miRL55 were added to the
transfection mixeg¢0-100 nM) 24 hours post transfien cells were stimulated with

LPS fa 24 hours andL-8 & RANTES weremeasuredrom cell supernatantsising

ELISA. Wefirst examined theféect of miRNA mimicsover expressingiiR-146a Hek
TLR4/MD2/CD14 cells produakminimal levels oflL-8 however when stimulated with

LPS IL-8 production was increased 2390 pg/mL. Transfection ofl nM, 5 nM, 10

nM, 50 nM and100 nM miR146a mimic did not féect IL-8 producion when cells

were stimulated with LPSevels remained atpproximately2400 pg/mL.In contrast
MiRNA mimics over expressing miR46a decreased RANTES production in a dose
dependenmmanner in rgponse to LPS seEigure 5.21. Hek TLR4/MD2/CD14cells
produced minimal levels of RANTES whialas increased t@00 pg/mLwhen cells

were stimulated with LPSTransfection ofl nM, 5 nM, 10 nM, 50 nM and 100 nM
miR-146a mimic écreased RANTES productionto 55 pg/tnp O 0. p A mL & p O
0.001) , 40 pg/ nplg/ MO ( P O0001.)0030 and 20

respectivelywhencells werestimulated with LPS

We then examined theeffect of miIRNA mimics over expressing miR45. Hek
TLR4/MD2/CD14 cells produced minirhdevels of IL-8, however when stimulated

with LPS IL-8 production was increased to 1500 pg/mtansfection ofl nM, 5 nM,

10 nM, 50 nM and 100 nM mi®46a mimic did noaffectIL-8 production when cells

were stimulated with LPS, lels remained at apptonately 130 pg/mL. In contrast
MiRNA mimics over expressing milR45 decreased RANTES production in a dose
dependenmanner in response to LPS deigure 5.22. Hek TLR4/MD2/CD14 cells
produced minimal levels of RANTES, this was e&sed to 100 pg/mL when cells were
stimulated with LPSTransfection ofL nM, 5 nM,10 nM, 50 nM and 100 nM mi245
mimcde cr eased RANTES producti ogml{ @ O50 . p G A
35 pg/ mL (p@/mLO@P)O, 054001) 0B respectvllywherg / mL
cells were stimulated with LPS

We then studied the effect of miRNA mimics over expressing -b&iR Hek
TLR4/MD2/CD14 cells produced minimal levels lai-8 however when stimulated with
LPS IL-8 production was increased to@6pg/mL Transfection ofl nM, 5 nM, 10
nM, 50 nM and 100 nM miR55mimic did notaffectIL-8 production when cells were
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stimulated with LPS, lesls remained at approximately@1pg/mL. In contragniRNA

mimics over expressing Mik55 decreaseRANTES productio in a dose depdent

manner inresponsdo LPS seedrigure 5.23. Hek TLR4/MD2/CD14 cells produced
minimal levels of RANTES, this was increasedtpg/mL RANTES.Transfection of

1 nM, 5nnM 10 nM, 50 nM and 100 nM 1Ri155 mimic decreased RANTES
production to 22 pg/mL (pO 0.001), 25 p
pg/ mL (pO 0.001) and 8 whenctelislweré stiBulated vatd 1 )
LPS

Lastly we examined the effect ahiRNA mimics over expressindet-7e. Hek
TLR4/MD2/CD14 cells produced minimal levels of-8.however when stimulated with
LPS, IL-8 production was increased to 2500 pg/riitansfection ofl nM, 5 nM, 10
nM, 50 nM and 100 nM lefe mimic did notaffect IL-8 production when cells were
stimulated with LPS, levels rema&iad at approximately 2® pg/mL.In contrast miRNA
mimics over expressinpt-7e decreased RANTES production iesponseo LPS see
Figure 5.24. Hek TLR4/MD2/CD14 cells produced minimkvels of RANTES, this
was increased to D4pg/mL when cells were stimulated with LP$ransfection ofl

nM, 50 nM and100 nM let7e mimic dereased RANTES produci on t o 60 p g/
0.05), 106 pg/mL (ns) andd8 p g/ mL ( peGivey wies Jells we stimulated
with LPS. 10 nM let7e mimic did not significantly decrease or increase RANTES
productionwhen cells were stimulated with LPSn@he other hand 5 nM &te mimic
increased RANTES production to 1p5g / m L0.06)wh@en cells were stimulateditiv
LPS

Given that100 nM of each of the miRNA mimicsfi@cted RANTES production we

choose this concenttn for all further studiesNegative control miRNA mimics

consist of random sequences of miIRNA mimic molecules that do not produce
identifiable efects on known miRNA functionsWe incorporatedl00 nM of the
negative control miRNA mimic into our study toake sure results were specific and

not due tothe effects oftransient transfectiorin contrast the positive contrahiRNA

mimic miR-1 is known todown regulatemany genes at the mRNA level and has been
usedas a positive contrahiRNA mimic in previous studie$Wendlandt etl., 2012)

We needed to establish tifie miRNA mimicshad t he ability to b
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region of our NFe B and | RF3 constructs wwstwee i f

Therefore we incorporated this positive controR-1 miRNA mimic into our study.

We also wanted to make sure that cellular viability of the Hek TLR4/MD2/CD14 cells
would not beaffectedby transient transfection with plasmid DNA and the miRNA
mi mics followed by cell stimul ation. We
cell viability. Hek TLR4/MD2/CD14 cellsvere transfected witplasmid DNA required

for NF-e Band IRF3 Both sets of plasmid DNA were ¢ansfected with constitutively
expressed TK rella luciferase and 00 nM of each of the miRNA mimidscludingthe
positive and negative control miRNA mimic24 hours post transfection cells were
stimulaed with LPS, SLPs from RT 00d4nd RT 027 for 24hours. Cellular viability
was then assessadsing theCell titer 96 Aqueous One solution containing MTS
Results were expressed as a percentage of untreated cellslisntteated with 10%
DMSO were used aa positive control seigure 5.25. Percentage viability did not fall
below 75%, therefore transient transfection and stimulatidmothaveany significant
cytotoxic effecs on the Hek TLR4/MD2/CD14 cells.

Luciferase activityin Hek TLR4/MD2/CD14 cellgransfected with NF® Band IRF3

were measuredBoth sets of plasmid DNA were doansfected with constitutively
expressed TK renilla luciferased100 nM ofthe positive and negative caont miRNA

mimics. 24 hours @st transfection cells were stimulated with LPS or SkB®fRT 001

and RT 027 for 24hours.Lysates were generated and assayedifefly and renilla

activities sedrigure 5.26. Transfectionwith each of the positey and negativeontrol

mMiRNA mimics did notaffect NF-aB signalling fold change remained atOL NF-a B

was increasechicells stimulated with LPS to 7f6ld. Transfectionof 100 nM positive

control mimic decreasd NFe B e x p r e sOsfdldo(p 00.004) while NFa B
expression remained at 7A&ld with the addition of 100 nM negative control mimic.
NFFeB i ncreased in cells sti mulTaanstedionvof t h S
100 nM positivecontrol mimic cicreased N B e x p r e sfald ( qpnO t@¢hil®15.) 5
NFFeB expressi on rwehietranséedionat 100 4M nggativercordrol

mimic. NFFe B expression was increased in cell:

8.3 fold. Transfection ofLO0 NM positive control mimic decreased-dFB e x pr es s i @
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30fold( p O OQwhileONE)» B  essipnrremained at 8f8ld with the transfection
of 100 nM negative control miRNA mimic.

A similar pattern emergedhen we examingIRF3 expression, transfection with each
of the positive and negativeontrol miRNA mimics did notaffect IRF3 signalling
along fold change remained at 1I®F3 was increased in cells stimulated with L#S
7.7 fold. Transfection oft00 nM positive control mimic decreastRIF3 expressiorto
1.4fold (p O O ,whi RF3 expression remained at 7old with thetransfectiorof
100 nM negative control mimid.here was minimal IRF3 expressioncells stimuléed
with SLPs from RT 001however this was not significantly increased compared to the
controlcells. Transfection ofLO0 nM positive control mimiappeared talecreas IRF3
expressiorto 0.1 fold (ns) while IRF3 expression remained #ie same levels as the
control with the transfectionof 100 nM negative control mimidRF3 expression was
increa®d in cells stimlated with SLPs from RT 027 to.®fold. Transfection ofL00
nM positive control mimic decreasdBF3 expression to.B fold (p O 0, vihilel )
IRF3 expression remained aD6old with thetransfectionof 100 nM negative control

MiRNA mimic.

The profile at gene level was also reflected in8lLand RANTES production.
Transfection with each of the positive and negatigatrol miRNA mimics did not
significantly affect IL-8 production Contol cells produced 640 pg/mL, whiclas
decreased to 370 pg/mL (ns) with the addition of the positive control manmc
remained close to 640 pg/mL with tlransfectionof the negative control miia IL-8

was increased td2500 pg/mLin response to LPSTransfection of100 nM positive
control mimic decreasedL-8 production to 1000 pg/ml(p O 0. 0 0 1I)-8 wh i
production remained at 2500 pg/miith the transfectionof 100 nM negative control
mimic. IL-8 was increased t01500 pg/mLin response to SLPs from RT Q01
Transfection ofL00 nM positive control mimic decreaskd8 productionto 930 pg/mL

( pO 0. 0K-B productionrémainedat 1500 pg/mlwith the transfectionof 100
nM negative control mimiclL-8 wasincreased t®2700 pg/mLin response to SLPs
from RT 027 Transfection ofLO0 nM positive control mimic decreaskd8 production

to 1000 pg/mL( p O 0 . 0 Oll1-§ produstion reneairdeat 2500 pg/mLwith the
transfectionof 100 nM negative control miRNA mimic. A similar pattern emerged
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when we examine®RANTES production Transfectionalonewith each of the positive
and negativeeontrol miRNA mimics did notsignificantly affect RANTES production.
Control cells produced 70 pg/mlyhich was decreased to 32 pg/mL (ns) with the
transfectionof the positive control mimic but remained close to 70 pg/mL with the
transfectionof the negatie control mimic.RANTES productionwvas increased t850
pg/mL in response to LRSIransfection ofL00 nM positive control mimic decreased
RANTES productiorto 50 pg/mL(p O 0 . 0 0 RANTESwivoduttieremained at
400 pg/mLwith the transfectionof 100 nM negative control mimiclhere wereow
levels of RANTES detectedn cells stimulated with SLPs from RT 001, however this
was not significanttcompared to the control ke Transfection of100 nM positive
control mi mi c decreased RANTES RAMIESI Cct i O
productionremained atimilar levels with thetransfectionof 100 nM negative control
mimic. RANTES productionncreased t@00 pg/mLin regponse to SLPs from RT 027
Transfection ofL00 nM positive control mimic decreas®PANTES productionto 70
pg/mL( p O 0. 0 ORANTES pvddictioaremained asimilar levels 350 pg/mL
with thetransfectiorof 100 nM negative control miRNA mircs.

The paitive control miRNA mimic over expressingmiR bound to sites
region ofour NF-a B a n dconistiRds thus modulating signalling when cells were
stimulated with LPS, SLPs from RT 001 and RT 027. dwilts were not due to the
effects of trasient transfection as this was confirmed by the use of the negative control
Therefore we could use this method to assess ifiotlremiRNAS of interest modulated
NFFeB and | RF3 si gtoBPSISLPs gomiRm 004 ansl RD (R¥/e

over expessedeachof the miRNAs of interestusing specific mimics and measured

luciferase activity and cytokingroduction.

5.2.2 Mimics Over ExpressingmiR-146a miR-145, miR155 and lef7e Individually
Targe IRF3 Signalling in Rsponse to LP8ut notin Responsdo SLPsfrom RT 001
and RT 027

Firstly the effect of over expressing miRl6a on NFe B and | RF®assi gn.
examinedseeFigure 5.2.8. Transfection withthe miIRNA mimic over expressing miR

146a alone did not induce N#B or IRF3 signalling, gpression remained at 1.0ldo
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consistentwith the controlHek TLR4/MD2/CD14cells. NFe B was i ncrease
fold in response to LP&ndtheselevels remained the same with tinensfectionof 100

NM miR-146a mimic. NFe B was i ncreased to 4.5 fold
001 ard theselevels remained the same with ttransfectionof 100 nM miR146a
mimic. NF-e B was i n c rfokl ingespbnse t&LPF froB RT 027 anthese
levelsremained the same with th@nsfectionof 100 nM miR146a mimic.Conversely

IRF3 expressionncreased to 7.¥ld in response to LPS, however ttiansfectionof
mR-146a mimic decreased | RF3 expression t
IRF3 expression was not significantly increasediecreased in response to SLPs from

RT 001 and levelsemained at 1.3old with the transfectionof 100 nM miR146a
mimic. IRF3 expression increased to 6.0 fold in response to SLPs from RT 027 and
levels remained the same with tinensfectionof 100 nM miR146a mimic.The profile

as gene level was also mfted in the production of B and RANTES seé&igure

5.29. Transfection withthe miR-146a mimicalonedid not affect IL-8 and RANTES
production, as they remained at levelsconsistent with the control Hek
TLR4/MD2/CD14 cells IL-8 productionwas increased to P6 pg/mL in response to

LPS and the levels remainesmroundthe samelevels with the transfectionof 100 nM
miR-146a mimic. 1-:8 production was increasdéd 1500 pg/mL in response to SLPs
from RT 001 and the levels remained tlaene with thetransfectionof 100 nM miR

146a mimic. 1L-8 production was increased to 2700 pg/mL in response to SLPs from
RT 027 and levels decreased to 2500 pgimith thetransfectionof 2100 nM miR146a

mimic, however this decrease was not significABNTES expression increastm 390

pg/mL in response to LPS, whitgoduction @creasedo 55pg/mL( p O Dwittdtie 1
transfectiorof 100 nM miR146a mimicRANTES productiordid not either increase or
decreasdn response to SLPs from RT 001 and levelnamed tle same with the
transfectionof 100 nM miR146a mimic. RANTES production increasted450pg/mL

in response to SLPs from RT 027 and levelmainedhe samevith thetransfectionof

100 nM miR146a mimic.

Next, the effecs of over expressing mi245 on NFe B and | RF®eresi gn a
examinedseeFigure 5.210. Transfection with the miRNA mimic over expressing miR
145 alone did not induce N& Bor IRF3 signalling, expression remained at 1.0 fold
consistentwith the control HeKTLR4/MD2/CD14 ells. NFe B was i ncrease
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fold in response to LPS and these levels remained the same withrtsiectionof 100

NM miR-145mimic. NFe B wa s i n c fole ia spahsettocSLPS from RT 001
anddecreased to 3.9 foldith thetransfectiorof 100 nM miR145 mimichowever this
decrease was not significant. FB  wa s i n c fole in esgpahsettooSLPE fran
RT 027 and these levetemained the same with thiensfectionof 100 nM miR145
mimic. On the other hantRF3 expressio increased to 7.7ld in response to LPS,
however theransfectionof miR-1 45 mi mi ¢ decreased | RF3 ex
0.001) in response to LPS. IRF3 expresgi@hnot increaser decreasén response to
SLPs from R 001 and levels remained abold with thetransfectiorof 100 nM miR

145 mimic. IRF3 expression increased to 6.0 fold in response to SLPs from RT 027 and
levels remained the same with tnansfectionof 100 nM miR145 mimi. The profile

as gene level weralso reflected in the pduction of 1.-8 and RANTES seé&igure
5.211. Transfection with the miR45 mimic did notaffect IL-8 and RANTES
production, as they remained at levelsonsistent with the control Hek
TLR4/MD2/CD14 cells. 11-8 production was increagego 2500 pg/mL in response to
LPS and the levels remained the same withtriduesfectionof 100 nM miR145 mimic.

IL-8 production was increased toQbpg/mL in response to SLPs from RT 001 and the
levels remained the same with th@nsfectionof 100 nM miR-145 mimic. IL-8
production was increased to®¥ pg/mL in response to SLPs from RT 027 and levels
remained the same with thieansfectionof 100 nM miR145 RANTES expressin
increased to 39pg/mL in response to LRSvhile production decreased to $8/mL

( p O Owitl® thetransfectionof the 100 nM miRL45 mimic. RANTES production
did not increaser decreasén response to SLPs from RT 001 and levels remained the
same with thetransfectionof the 100 nM miRL45 mimic. RANTES production
increased t@l50 pg/mL in response to SLPs from RT 027 armmleased to 520 pg/mL
with the transfectionof 100 nM miR145 mimic however this increase was not

significant

The effect of over expressing miBB5on NFe B and | RFvas then gtudigd | i n
seeFigure 5.212. Transfection with the miRNA mimic over expressing riibS alone

did not induce NFe Bor IRF3 signalling, expression remained at 1.0 fotmhsistent

with the control Hek TLR4/MD2/CD14eils. NFe B was i ncrfaddaised t

response to LPS and these levels renthitiee same with th&ansfectionof 100 nM
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mMiR-155 mimic. NFe B wa s i n c foléiaespahsettod’SLPS from RT 001 and
these levels remained the same withtthasfectionof 100 nMmIiR-155 mimic. NFo B
was inceased to 7.3old in response to SLPs from RT 027 and these saeshained
the same with théransfectionof 100 nM miR155 mimic. On the other hantRF3
expression increased to 7ald in response to LP$owever thetransfectionof miR-

155 mimic decresed IRF3 expressiaim 54fold(p O 0. 001) in respon:
expresan was not increadeor decrease in response to SLPs from RT 001 and levels
remained at 1.5old with the transfectionof the 100 nM miR155 mimic. IRF3
expression increased to 6.0 fold in response to SLPs fib2R anddecreased to 5.5
fold with thetransfectionof the 100nM miR-155 mimic however this decrease was not
significant The profile as gene level was also reflected in the production-8fahd
RANTES seeFigure 5.213. Transfeton with the miR155 mimic did notaffectIL-8

and RANTES production, as they remained at leeelssistentwith the control Hek
TLR4/MD2/CD14 cells. 18 production was increased to 2500 pg/mL in response to
LPS and the levels remained the same withtrduesfectionof 100 nM miR155 mimic.
IL-8 production was increased toQbpg/mL in response to SLPs from RT 001 and the
levels remained the same with th@nsfectionof 100 nM miR155 mimic. IL-8
production was increased to &¥ pg/mL in response to SkPfrom RT 027 and
decreased to 2300 pg/mL withe transfectiorof 100 nM miR155 mimic however this
decrease was not significafRANTES expression increases 33 pg/mL in response

to LPS while production decreased to #@/mL(p O 0 with@h#&tjansfectiorof 100

nM miR-155 mimic. RANTES productiondid not increas®r decreasen response to
SLPs from RT 001 and levels remained the same wittraimsfectionof 200 nMmiR-

155 mimic. RANTES production increased to 450 pg/mltasponse to SLPs from RT

027 and levelsemainedhe same with theransfectiorof 2100 nM miR155 mimic.

Lastly the effect of over expressing-le@ on NFe B and | RFWas studigdn al | i
seeFigure 5.214. Transfection with miRNAmimic over expressing léte alone did

not induce NFe Bor IRF3 signalling, expression remained at 1.0 fodohsistentwith

the control Hek TLR4/MD2/CD14etls. NFe B was i n cfoleéiarespahsettoo 6 .
LPS and these levels remained the same withrémsfectionof 100 nM let7e mimic.

NF-e B was i nc rfoldansresponseé o Sl4Ps flfom RT 001 and these levels
remained the same with thteansfectionof the 100 nM leffe mimic. NFe B wa's
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increased to 7.80ld in response to SLPs from RT 027 andsth leved remained the
same with theéransfectionof 100 nM let7e mimic. On the other hanBF3 expression
increased to 7.7old in response to LPS, however ttransfectionof let-7e mimic
decreased | RF3 expression tLBS. IRE3@&xpressibond ( p
was notincreasd or decrease in response to SLPs fromlR001 and levels remained at
1.5fold with thetransfectionof 100 nM let7e mimic. IRF3 expression increased to 6.0
fold in response to SLPs from RT 027 and levels remainedséime with the
transfectionof 100 nM let7e mimic. The profile as gene level was also reflected in the
production of I-8 and RANTES seEBigure 5.215. Transfection witHet-7e mimic did

not affectIL-8 and RANTES production, as thegymained at levelsonsistentvith the
control Hek TLR4/MD2/CD14 cells. H8 production was increased to 2500 pg/mL in
response to LPS and the levels remained the same witratisfectionof 100 nM let

7e mimic. IL-8 production was increased 1600 pg/nL in response to SLPs from RT
001 and the levels remained the same withrdresfectiorof 100 nM let7e mimic. IL-

8 production was increased to7pg/mL in response to SLPs from RT 027 and levels
remained the same with thansfectionof 100 nM let7e mimic. RANTES expression
increased to 35@g/mL in response to LPS, whileroduction decreased to A§g/mL

( pODO1)with thetransfectionof the 100 nMlet-7e mimic. RANTES productiodid

not increas®r decreasén response to SLPs from RT 001 andelswemained the same
with the addition of the 100 nM l&te mimic. FANTES production increased to @2
pg/mL in response to SLPs from RT 027 and levelmainedthe same with the

transfectiorof the 100 nM leffe mimic

ThereforemiRNA mimics over expresag miR-146a, miR145, miR155 and leffe
reducedIRF3 signalling in response to LP#js was also reflected in RANTES
production.We could not relate miRNA functioof the individual miRNAsto IRF3
signalling in response to SLPs from RT 001 and RT 02higexperimentLPS and

SLPs from ribotype 027 signal through the same receptor and activaaeBNFa nd | RF
downstream of TLR4However miR146a, miR145, miR155 and leffe appear to
regulate IRF3 signalling differentlyin response to LPS compared wi#LPs from

ribotype 027.
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5.2.3 MiRNAs were Eriched fromRNA Derived from Colonic Tissuefrom anin

vivo C. difficile Infection Model

Up until now we have exclusively looked at miRNAegulatedin response t&LPs

from RT 001land RT 027n ahuman and murine cdihe. We identified fourmiRNAs

of interest miR146a, miR145, miR155 and lef7e The next part of this chapter was to
examinethesemiRNASs in colonic tissue from am vivo C. difficile infection model

where micehad beerinfected withC. difficile spaesfrom RT 001 and RT 027Total

RNA samplesderived from colonic tissubad already beegenerated by Dr. Mark
Lynch, a member of the Immunolodulation Research group (DCU), as part of his PhD
research project. C57BL/6J mice were infected v@thdifficile using an antibiotic
induced model of mouse infectid€hen et al.,, 2008)There were foumnimals per
treatment group: control group n=4, grampated with RT 001 n=4 and group treated
with RT 027 n=4.Mice were treated for three days with an antibiotic mixture of
Kanamycin (400 e€g/mL), Gentamicin (35 ¢€g
(215 eg/ mL) and Vancomyci n wafed Miceewpre mL )
subsequently given autoclaved water. On day 5, mice were injected intraperitoneally
with Clindamycin (10 mg/kg). Mice were infected with*1D. difficile spores on day six

by oral gavageThe colon was harvested froominfected and infeetd mice afteday

three and seveof infection. Squares of tissue from the distal colon rou§hiynt were

cut for the preparation of RNA.otal RNA was extractedsing the NucleoSpin® RNA

Il Total RNA Isolation Kit (MacheresNa g e | ) as peinstratdonsifhea ct ur
RNA was quantified using a NanoDrop Spectrophotometer and then stored801Ge
freezer until ready for us@.ynch 2014 unpublishd). Firstly we had to determine if

total RNA generated contained miRNAs and small RNA endogenous controls for our

study.

SmallRNAs wer e enr i othll&kNAfrbm sample$ eneeatgd irt tie

difficlei nf ecti on model u s i n gatian iie (Ambiom) ¥spen a E = m
manufact ur er ®he RNAwvgs quantified folloveng isolation using the
NanoDrop® ND1000 Spectrophotometer. The purity of the RNA a0 examined

by measuring the 26Am and 280nm absorption wavelengths, where RNAtlwan

A260/A280 ratio betweenl.82.1 was considered pureRNA samples were
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subsequently run on 1% agarose géiere the 28S antBSrRNA bands were assessed
to confirmintegrity. Two bands were seeon the geindicative of the 18S rRNAnd
28S rRNA bandsee Appendix D) 100 ngenrichedRNA was converted to first strand
cDNA from each of thdour biological replicate per treatment grougnd the poducts

of which were used in ar@ amplification reactionndividua murine TagManmiRNA
assays with thee technical replicates per group were run for each miRNAd
endogenous contr®lexamined. Tie g°PCR data was analysedsing ExpressionSuite
software, he threshold was set to 0.1 and the max Ct set to 37.0, as previously
determined. There was also no miRNApression detected in assays containing NTC
(data not shown)We found that the RNA samples contineach of the threemall
RNA endogenous controls. snoRNA202 was chosen as the endogenauokfoorthis
study as it out péormed snoRNA234 and mammuUe samples from day 3 and day 7
(see Appendix F)Relative gene expression wealculated and the t u d etest was
used to test for significance between mice treated with RT 001 and RTMO2ine
miR-146a, miR145, miR155 and leffe were present in saplesderived from colonic
tissuefrom thein vivo C. difficile infection model

5.2.4 MiR-1463 miR-145, miR155 and lef7fe wee Differentidly Regulatedin
Colonic Tissue Dring C. difficile Infectionwith RT 001 anRT 027

MiR-146a was differentially regulaten colonic tissue fronmiceinfected withRT 0QL
and RT 027three and seven dapestinfection sed-igure 5.216. Colonic tissue from
contol mice contained low levels of miR46a Three dayspost infection colonic
tissue fronmiceinfected with RT 00had a 1.4old increase in miRL46acompared to
tissuefrom control mice. Colonic tissue from micenfected with RT 027 had 0.7 fold
decrease inmiR-146a compared totissue from control mice MiR-146a was
significantly decreasedp( O 0 in @ofojic tissuefrom mice infected with RT Q7
compared witlcolonic tissue frommice infected with RT 001, threfays post infection
HowevermiRNA profiles changed seven days post infectionlo@ic tissue fronmice
infected with RT 001 had &.2 fold increase in miR46a compared to tissue from
control mice Whereas alonic tissue from micénfected with RT 027 had a 9.4 fold
increase in miRL46a compared to tissue from contralice MiR-146a was
significantly i ncr e ssuefm migedfeckdwt® RT) 027i n
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compare with colonic tissue frommice infected with RT 00l sevendays post

infection.

MiR-145 was differentially regulated in colonic tissue from mice infected with RT 001
and RT 027, three and seven days post irdedeerigure 5.217. Colonic tissue from
control micecontained low levels of miR45 Three days post infection, miRl5
expression remained the same in colonic tissue from mice infected with RT 001 as in
tissue from control mice. @onic tissue from mice infected with RT 027 had.2afold
decrease imiR-145 compared to tissue from control middiR-145 wassignificantly
decr eas ein colpnio tisBue ioin mice infected with RT 027 compared with
colonic tissue from mice infded with RT 001, three days post infectidtowever
MiRNA profiles changed seven days post infectioalo@ic tissue from micénfected

with RT 001 had a 0.7 fold decreasemiR-145 compared to tissue from control mice.
Whereas colonic tissue from miagected with RT 027 had a 4t6ld increase in miR

145 compared to tissue from control midgliR-145was si gni fi cantly
0.001) in colonic tissue from mice infected with RT 027 compared with colonic tissue

from mice infected with RT 001, seven days post infection.

MiR-155 was differentially regulated in colonic tissue from mice infected Riitt001

and RT 027, three days post infection ségure 5.218. Colonic tissue from control
mice contained low levels of miR55. Three days post infection, colonic tissue from
mice infected with RT 001 had a 25.6 fold increase in-abB compared to tissue from
control mice. Colonic tissue from mice infected with RT 027 had a 1.7 fold increase in
miR-155 compare to tissue from control mice. iIR-155 wassignificantly decreased
(pO 0.01) i n colonic tissue from mice i
tissue from mice infected with RT 001, three days post infectimwever miRNA
profiles changedesxen daygost infection. ©lonic tissue from mice infected withTR

001 had a 1.3 fold increase in mi¥5 compared to tissue from control mice. Colonic
tissue from mice infected with RT 027 had a 1.5 fold increase inldiRcompare to
tissue from control mice. MR-155 expression was not significantly different when we
comparedts expression in colonic tissue from mice infected with RT 027 with colonic

tissue from mice infected with RT 001, seven days post infection.
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Let-7e was differentially regulated in colonic tissue from mice infected with RT 001
and RT 027, thredays post infection sefeigure 5.219. Colonic tissue from control
mice contained low levels of I&e. Three days post infection, colonic tissue from mice
infected with RT 001 had a 3.2 fold increase in7letcompared to tissue froocontrol

mice. Colonic tissue from mice infected with RT 027 had a 1.2 fold increaseir let
compared to tissufrom control mice. &t-7e wassignificanttyd ecr eased ( p O
colonic tissue from mice infected with RT 027 compared with colonic tissue from mice
infected with RT 001, three days post infection. However miRNA profiles changed
seven days post infection. Colonic tissue from mice infected witB@ had a 1.3 fold
increase in le7e compared to tissue from control mice. Colonic tissue from mice
infected with RT 027 had a 1.6 fold increase in7letcompare to tissue from control
mice. let7e expression was not significantly different when wenpgared its
expression in colonic tissue from mice infected with RT 027 with colonic tissue from

mice infected with RT 001, seven days post infection.

5.2.5 Bioinformatics Analysis Bveals miRNAsnduced by SLPs from RT 001 and
RT 027Target &nesinvolved in Esential Cell Signalling Bthways

In chapter threave identified 24 miRNAs that were differentially regulated by SLPs
from RT 001 and RT 027. Wealidated our resultand showedniR-146a, miR145,
miR-155 and lef7e were differentially regulated in responseSLPs from RT 001 and
RT 027 ina human and murine cell line. At the beginning of this chapter we were
unable to linkmiR-146a, miR145, miR155 and lef7eindividudly to NF-eB andIRF3
signalling downstream of TLR4in response to SLPs from RT 001 and RT 027.
However we confirmed that miR46a, miR145, miR155 and leffe were
differentially regulated in colonic tissue duri@g difficile infection with whole bacteria
from RT 001 and RT 027t is still possible that miRNA expression induced by SLPs
modulate infection with RT 001 and RT 02¥e know from the literafre thatmiRNAS
regulatemanydi f f er ent t ar ¢BER flso contaid baing ditasafor 3 6
multiple miRNAs, allowing for elaborate and complicated networks in which
redundancy and operation between miRNAs deteine the effect on gene expression
(Bartel, 2009; Martinez & Walhout, 2009; Obermayer & Levine, £20lan Roo0Iij,
2011) We decided to utilise bioinformatics to identify possible miRNA/pathway/gene
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interactiors from the list of 24 miRNAsve showed werdlifferentially regulated by
SLPs from RT 001 and RT 027 experimentally.

In the literature it is suggesd that to select consensus targets, they must be identified

by different prediction tooléSun et al., 2010We choose DIANA miRPath to carry out

our searches as this prediction tool highlights targets that are also predicted by miRanda
and TargetSaeg two well-known prediction tools anthrgetswhich have also been
verified experimentally in TarBase v6(Paraskevopoulou et al., 2013; Vlachos et al.,
2012) DIANA miRPath uses miRNA names according to versionoi8niRBase
therefore we madsure we had the correct miRNA name for our targets according to
this version We inputted the list of miRNAs into miRConvertor on another database
called miRSystemand crossed references the miRNA accession of each of our 24
mMiRNAs of interest(see Appendk G). DIANA miRPath v2.0 is a free welserver

which utilises miRNA&ar get s i n ¢ odUWUTRgegionse groviden vy tleen d G
DIANA -microT-CDS algorithm. The lists of 24 miRNAs of intereg¢re inputted into

the prediction tool where a posteriori anatysias performedThe significance levels
between all possible miRNA pathway pairs were calculated using enrichment analysis.
The previously calculated significance levels where combined with this to provide a
merged pvalue for each pathway by applyinglkie r 6 s combi ned .pr ob:
DIANA miRPath predicted that the 24 miRNAs of interest targ@®sil genes inl46

different pathways found IKEGG pathway databasé4 of these pathways had p

val ues wh e(see Appeddix @G) MIANA miRPath generatk a heat map
showing the 24 miRNAs versus 54 of the pathways where miRNA/ozthevay
interactions where pO 0.05. Darker col ou
adjacent dendrograms depict hierarchical clustering.id®etified miRNAs clustered
togetherin two main clade®xhibiting similar pathway targeting pattersseFigure

5.220. The first clade contained two lreheswhich werefurther sub divided, goup 1
containedbranch tipdor miR-221-3p, miR1292, miR215, miR1455p, miR-125a5p,
MiR-432-3p, miR-146a5p, MiR-24-3p, MiR-590-5p, let-7d-5p miR-4223 miR-339-5p
andmiR-586. Group 2containedbranch tipsfor let-7b-5p, let7c, let7e-5p and miR

374a5p. The second clade contained two branciwsch were further suldivided

group 1containedbranch tipsfor miR-148b3p, miR152, miR9-3p, miR155, miR

132-3p, miR-543while group 2 contained a singbeanch tip fomiR-9-5p.
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The top five KEGG pathways were selected for further analysis from the list of 54
pathways geerated in DIANA miRPath where miRNA/gene/pathwateractionshad
pval ues cdeTaples.20. DIBNA miRPath predicted 15 genes were targeted
by 6 of the miRNAs irECM receptor interactia( p O-16), Eigure 5.221 shows an
image generated in KEGG from this daf@enes highlighted in orangsuch as
COL4A1, LAMA4, ITGAS5, ITGA9, ITGA7 and ITGB6presentpredicted targets for
multiple miRNAs while genes highlighted in green were predicted not to be targeted by
the miRNAs of interestDIANA miRPath predictedi2 genes we targeted by 9 of the
miRNAs inTGFb s i g O a D416).iEigure 5.222 shows an image generated in
KEGG from this data. Genes highlighted in yelleuch as GDF5, BMPR1A, SMAD?7,
SMURF2, LTBP1 SMAD3, SMAD2, CREBP, ROCK2, PPP2CB, RPS6KB1, FST,
ACVR2A and PITX2 represent predicted targets for an individual miRNGenes
highlighted inorangesuch as NOGSMADS5, ID4, MAPK4, SKP1 DCN, TGFB2,
TGFB1, TGFB2, ZFYVE, E2F5, TFDP$NHRA, ACVR2A and ACVR1Crepresent
predicted targets for multiple miRNAs and genes highliglmedreen were predicted

not to be targeted by the miRNAs of interé3¥ANA miRPath predicte®8 genes were
targeted by 10 of the miRNAs MAPK signalling( p O-16). Eigure 5.2.23 shows an
image generated in KEGG from this data. Genes highlighted in yellow such as
CACNB4, CHUK, RELA, NTF3 NTRK2, RASGHP1, RPSKA1, FGFR1, BGFRB,
STMN1, PLA2GAE, RAF1 GNA12, MYC, DUSP5, PPP2R1, TRAFG6, KA1,
MAPK1, MAX, MAP2K AND GADD4 represent predicted targets for an individual
miRNA. Genes highlighted irorangesuch as NGF, BDNF, FGF7, SOS1, KRAS,
RASA, RASGRP2 RAP1, MAPK1, ELK4, SRF, FOS, ILIAFASLG, TGFBR,
CASP3, PAK2, MAP4K, FLNA, CRK, NFATC, HSRA8, MAP2K and TAX1
represent predicted targets for multiple miRNAs and genes highlighted in green were

predicted not to be targeted by the miRNAs of interest.

DIANA miRPath predicted 21 genes were targeted by 11 of the miRNABIBK -Akt
signallingpathway ( p O-16). Eigure 5.2.24 shows arimage generated in KEGG from
this data. Genes highlighted in yellow such as EFNAL, PKN2, PRKCA, RAF2, IL2,
ITGA8, PTK, AKT2, RELA, CHUK, CREB2, FASLG, PPP2CB afibK3B represent
predicted targetdor an individual miRNA. Genes highlighted iarange such as
LAMA4, TEK, IL6R, ITGB1, PTEN, PIK3CA, SOS1, KRAFRKA, TSC1, EIF4E,
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RPS&B1, SGK3, MAPK1, MYB, PIK2CA, CDKN1A and FOXOS3 represent
predicted targets for multiple miRNAs and genes highlightegr@en were predicted
not to be targeted by the miRNAs of interés¥ANA miRPath predicted4 genes were
targeted by 10 miRNAs indeal adhesioifp O  116)IFigure 5.2.25 shows arimage
generated in KEGG from this data. Genes highlighted in yellow such as ITGASG,
ITGB1, RASGRF, ROCR, SRC,VCL, MYLK, AKT3, PAK4, CTNNB1, SHC1 and
RAF1 represent predicted targets for an indigiduniRNA. Genes highlighted iorange
such as LAMA4, ARHGAP2, PPP1CB, ACTB, FLNA, CAV2, PTK2, PTEN, PIK3CA,
VAV3, CCND2, CRK, RAP1B, MAPKS, IGF1, FLT1, MAPK4 and XIAP represent
predicted targets for multiple miRNAs and genes highlighted in green weretpredi
not to be targeted by the miRNAs of interest.

5.2.6 Forty-nine Genes @ssd Two or More Pathways from the TopvE Analysed
Most Geneshad PredictedBinding sites in the30 UTR r egi ons f or th
Interestaccording to TargetScan

DIANA miRPath analys identified 350 genes in total from the top 5 KEGG pathways

that were targeted by the miRNAs of interédte number and distribution of miRNA
binding sitesis particularly important Studies havelemonstrated that two sites in the

same or different miRNs can act synergistically and that the distance between
neighbouringmiRNA binding sites affectshe strength of the target dowagulation
(Koscianska et al., 2015%pecifically,optimal downregulation was observedhenthe

di stance bendofeba f hes B 06mi RN ofshe subsecquend t h
onewas >and <40na nd wh eeandstoftbeth "siRINA seeds were separated by
between 13 and 35t iGrimson et al., 2007; Saetrom et al., 200H)wever, miRNA

target ineractions are not only bidireonal kut rather form complex meorks as
previously mentionedhereforetheg ar get si t edpend andassurrounding wi |
context(Saetrom et al., 2007The online tool TargetScan searsHer consered seed

regions of7 and 8 nucleotides in length as well as for 3' compensated site5/ RS

It ranks its predictedresults based on further miRNARNA binding properties
including seedpairing stability and targesite abundancelherefore ve inputed each

of the 350genes into the TargetScan database to confirm if there were possible binding
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sites i n theofendyanr forr amygof tha 24 miRNAghich were
expressed in response to SLPs from RT 001 and RT 027

We identified the individugb o si t i ons within the 36UTR r ¢
and the probability of conserved targetings Bsee Appendix G) Upon analysis of the

gene lists we noticed that some genes came up as targets in more than one pathway.
Therefore we cross referenctite gene listsrom the 5 pathways and found ¢@nes
crossed two or more pathways Sesble 5.22. MAPK1 was found in four of the five

KEGG pathways; Focal adhesion, PRKT, TGF-b and MAPK signal | i
did not contain ay predicted miRNA binding sites for the miRNAs of interest
according to TargetScahe following genesjTGA9, COL27A1, ITGB6, ITGAS5,
COL3A1, ITGA1ll, COL2A1, COL4A2, COL1A1, ITGA7, COL4A6, COL5A2,
COL4Al1 and LAMA4 were found in three of the five pathwayBCM-receptor
interactions, PI3KAKT signalling and focal adhesioAll genes except COL27A1,

ITGB6 and ITGA7 contained possible bindingesifor the miRNAs of interest.

AKT1 and SOS2 were found in three of the five pathways; Focal adhesionARBK

and MAPK signalling. SOS1 contained possible binding sites for the miRNAs of
interest however AKT1 did not. The following genes; FGF12, NFKB1, NRAS, CHUK,
KRAS, SOS1, FGF9, FGF18, NGF, RASGRIRELA andFGFR1, were found in two

of the five pathways; PI3HAKT and MAPK signalling. All genes except NFKB1 and
FGF18 contained possible binding sites for the miRNAs of interest. RAP1A and
MAPKS8 were found in two of the five pathways; focal adhesion and MAPK signalling,
neither genes contained possible binding sitestie MiIRNAs of interestROCK1,
ITGB8 and ROCK2 were found in two of the five pathways; Faddlesion and TGB
signalling. ROCK2 and ITGB8containedpossible binding sites for the miRNAs of
interest while ROCK1 did notThe following genes; COL4A5, RAF PIK3R3, PDK1,
VEGFC, ITGA2 COL1A2, AKT3, COL11A1, PTEN and COL4A4, were found in two

of the five pathways; focal adhesion and P4BKT signalling. All genes except
VEGFC, ITGA2, AKT3 and COL4A4 contained possible binding sites for the miRNAs
of interes. The following genes; PPP2CB, RPS6KB1, PPP2CA and RPS6KB2, were
found in two of the five pathways; PI3Kkt and TGFb si gnal | i ng. Al |
PPP2CA and RPS6KB2 contained possible binding sites for the miRNAs of interest.
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Analysis showedhat some genes were foummdthe PI3KkAkt signalling pathwaynly

and # genes except PRLR, PPP2R2C, HSP90AAL, IL17R, PPP2R5A, IL2,
THEM4, PPP2R3C, CHRM2, ANGPT1 and FN1 contained possible binding sites for
the miRNAs of interesseeTable 5.23. Genes found ithe TGFRb si gnal | i ng
only are shown inTable 5.24 and All genes except ID2, SMAD9, SMURF2, BMP5,
INHBA, DCN, BMP2, TFDP1 BMPR1A and CREBBP contained possible binding
sites for the miRNAs of intereskenes found to be involved in focal adhesion inclyded
ACTB, SHC1, COL24Al1, PPP1CC, PAK7, VCL, CAV2, PPP1R12A, CTNNB1
DIAPH1, SRC, PAK4, MYLK3, BIRC3, VAV3, ARHGAP5, MYLK, XIAO and
PPP1CB All genes except PPP1CC, PAK7, CTNNB1, DIAPH1, MYLK3 and BIRC3
contained possible binding sites for the miRNAs of intesesfTable 5.25. Analysis
showedthat somegeneswere found in the MAPK signalling pathway onKdl genes
except NTRK2, DUSP22, CACNALG, PTPRQ, DUSP14, RASGRF2, LAMTORS,
RASGRP2, MAP2K6, NFATC2, MYC, HSPA8, MECOM, STMN1, MAP3K2,
PPMIB, CACNA2D1, PLA2G4E, MAP3K7 andVMAPKAPK2 contained possible
binding sites for the miRNAs of interesee Table 5.26. All 15 genes that were
identifiedas being targeteid the ECM receptor were found iwo or more of the other

five KEGG pathways.

5.2.7 Geneswith Predicted Binding i&s for the mRNAs of Interestare found in
Distinctive Groups, Eamples froniL-6, NRAS, SMAD2, SOSand TRAF6

We selected 5 gené®m each of the top 5 KEGG pathwags a more in depth look at

the position of potential binding sitder the 24 miRNAs of interesht he 36 UTR
regionof each of the gene$he IL-6 receptor gene contained possible binding sites for
several of the miRNAs which were differentially regulated by SLPs from RT 001 and
RT 027 sed-igure 5.226. MiR-125%a-5p contained a mdicted binding site at position
836842 (5®Yon t he | L 6cR0.73).60MR¥B0-50 aRd miR1555p were
predicted to bdocatedfurther downstreanon the IL6Rgeneto miR-125a5p butin
close proximityto each otherMiR-590-5p and miR155-5p were pedicted at position
29542961 (Pc70.78) and 3303307 (R70.45) respectivelyT h e end @f miR590-5p
was 353 nt awendypf mRi56 mhi he erfll@febottbndiRNAs were
346 nt awayMiR-9-5p, let7b-5p, let7¢-5p, let-7d-5p and let7e-5p were predicted to
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be locatedfurtherdownstreanon the IL6R genérom miR-590-5p and miR155-5p, but

in close proximityto each otherMiR-9-5p was predictedat position41644170 (Rt
0.56)andlet-7b/c/d/e5p were allpredicted to bat positiors 40774083 (P-10.94).The

30 end-9®piwami B1 nt away fr oiet7e/ddebp whife t he
the56 eohmiR-95p was 87 nt a wa \et-7b/c/die®dp. MIRNA 50 €
binding sites were clustered gonofthélt-e e di

receptor gene.

The NRAS gene contained possible binding sites for eight miRNAs which were
differentially regulated by SLPs from RT 001 and RT 027Fgare 5.227. MiR-152-

3p, MiR-148b-3p, MiR-146a5p, let7b-5p, let-7¢-5p, let7d-5p and let7e-5p had
predicted binding sites in close proximityeéach other. MR-1523p and miR148b-3p

were predicted to be located at position42 -I &)0 o n NIRB8)SMR{1#6a

5p was predictedo be located at position 17479 (Pct<0 . 1) . ThmR3& end
3p and miR148b3p werel34nt away fr om t1#6a5p 5 6wheinlde otfh:
ends ofmiR-1523p and miR148b3p were 127 nt awayfrom miR-146a5p. Let
7b/c/d/e5p were predicted to be located at position18 (Rr> 0. 99) . The 3
miR-152-3p and miR148b3p wereld7 nt away frontet-7b/c/d/e5p, whi | e t he
of miR-146a5p was 20 nt away frontet-7b/c/d/e5p. Th e 56 e-b5@3pand mi R
miR-148b werel40 nt away fromet-7b/c/d/e5p, whi | e t hRel46aSpwasnd o1
13 nt away fromet-7b/c/d/e5p. Second binding sitesere predictedor let-7b/c/d/e5p

further downstream on the NRAS gene at positions Z588 (Rt 0.87).MiR-1455p

had predicted binding sifartherdownstream on the NRAS genepaistion 35993606
(Pct0.84).Mi RNA binding sites were clustered i
region of the NRAS gene and there maydyaergybetween miRL46a5p and let
7b/c/d/e5p betweerpositions172-192 on the NRAS gene

The SMAD2 gene conii@ed possible binding sites for ten miRNAs which were
differentially regulated by SLPs from RT 001 and RT 027Fgare 5.228. MiR-132-

3p and miR125a5p hadpredicted binding sites icdlose proximity to each other.iR-

132-3p was pedicted to be located at position-873 -3 &)0 on (FEMMB)2
MiR-125a5p was predicted to be located at position-983 (Pct 0.80) The 306 en
mMiR-1323 p was 851 nt awayl2ba5pm whel 80t bed5d0H
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13223pwas 900 naeway fr om t hel2585p. Predicéd bindling sitesRor
let-7b-5p, let7c-5p, let7d-5p and let7e-5p were locateéurtherdownstreanirom miR-

132-3p and miR125a5p on the SMAD2 gend.et-7b/c/d/e5p had predicted binding

sites located gbosition 37723778 (Rt 0.79). Predicted binding &&s for miR1455p,
mMiR-1523p, miR-148b and miRL555p were located further downstream from
7b/c/d/e5p on the SMAD2 gene. iR-1455p had predicted binding sites located at
position 70567062 (Rt 0.38). MiR-152-3p and miR148b3p had predicted binding

sites at positions 8338340 (Rr0. 6 5) . T h e -13%5p was 8i284ont awayi R
from the 51H23pand mBM8bp R whi | e t hld55pwas e nd
1278 nt away f r o-1523p hnel niB1618b@pnAdpredidted InmidiRg

site for miR1555p was located at position 868401 (Rt 0.78).The 306 end of
1455p was 1645 nt away-1565p,m whiel e 6t heen d3 6o f
15223pand miR1483 p wer e 364 nt awaR/55%5rpa m Tthtee 556
of mMR-1455p was 1639 nt awa yl535rpom whhed e5 & heen &
miR-1523p and miR1483 p wer e 361 nt away -1B55p.m t h
Mi RNA binding sites were clusteremnafn th
the SMAD2 gene.

The SOS1 gene contained possible binding sites for five miRNAs which were
differentially regulated by SLPs from RT 001 and RT 027Fgare 5.229. MiR-152-

3p, MiR148b3p, MiR9-5p and mMiR132-3p had predicta&l binding sites in close
proximity to each otheMiR-152-3p and miR148b-3p were predicted to be located at
position 5865 G @ 0 ) on cS0BY)IMIREIBp had a predicted binding site
located at position 59804 (Rt 0.87). T he 36 m&RALE2SBp andf miR148b3p

were 539 nt away ff9%5pm twhhe | 86 t &45P>-Jpdahde mid R
miR-148b3 p were 539 nt away -9%5p. MiR-132-3pchadmmbd e n
predicted binding site located at position &8 (Rt0. 38) . The -BB end s
3pand miR148b3 p were 739 nt away3d2Bpomwhhée56he
ofmR-95p was 207 nt away-1323p.m The mMRBISZmds o
3pand miR148b3 p were 739 nt away32Bpomwhheée56he
of miR-9-5p was 200 nt away from miB32-3p. MiR-1555p was located further
downstream than mi?52-3p, miR148b-3p, MiR9-5p andmiR-1323p on the SOS 1

gene. MR-155-5p had a predicted binding site located at position 3&G& (Rt 0.36).
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mMiRNA bindingsie s wer e c¢clustered in two distinc
the SOS1 genelhe TRAF6 gene contained possible binding sites for two miRNAs
which were differentially regulated by SLPs from RT 001 and RT 027Fgpae
5230.Unli ke the other genes the mi RNAs were
region. There were three predicted binding sites for-tMBa5p located apositions
473480 (R1< 0.1), 538545 (R1< 0.1) and 1272279 (R+< 0.1) respectively MiR-

125a5p had a prdicted binding site located at posn 12761283 (Rt 0.60).Th e 30
ends of miRl46a5p wer e 810, 745 and 11 -IP%abpaway
whil e the 506-146adbg¢ps wefr et B®3mi R38 and 4 nt
miR-125a5p. There mg be synergy between miR46a5p and miR125a5p between
positions12721 283 on the 36 UTR region of TRAFG6
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Figure 5.21 MIRNA mimic over expressing miR-146a decrease RANTES
production in a dose dependenbut do not effect IL -8 production in response to
LPS. Hek TLR4/MD2/CD14cells were plated at 1xi@ells/mLandallowed to adhere
for 18 hours to approximately 80 confluency The cells were thetransfected with
NF-a B ( 8d pFARE3 (30ng) and pFRegulated firefly luciferase (6ng). Both
sets of plasmid DNA were ewmansfected with constitutively ergssed TK renilla
luciferase (2(hg) and+/- 0-100 nM miR146a mimic 24 hours post transfection cells
were stimulatedwith 100 ng/mL for 18 tours Cells supernatantsvere collectedand
humanA) IL-8 andB) RANTES was measured by ELISA'he esultsshow the mean
(x SEM) measured in triplicate, ongay ANOVA followed by NewmarKeuls analysis
was used to determine if differesx between groups were significantly different
compared to cells stimulated with LPS, whengGG 0. (@0, 0 * 61 p@nd. 00 T .

The results are indicative of three independent experiments.
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Figure 5.22 MIRNA mimic over expressing miR-145 decrease RANTES
production in a dose dependent manner but do not significantly affect IL -8
production in response toLPS. Hek TLR4/MD2/CD14 cells were plated at 1210
cells/mL and allowed b adhere for 1&ours to approximately 66 confluency The
cells were thetransfected witiNF-a B ( 8 0 n-IRF3 (3@ng) apdHpARegulated
firefly luciferase (® ng). Both sets of plasmid DNA were -t@nsfected with
constitutively expessed TK renilla luciferase (20g) and +/- 0-100 nM miR145
mimic. 24 hours post transfection cells wesemulatedwith 100 ng/mL for 18 hours
Cells supernatantsvere collected and humak) IL-8 andB) RANTES was measured
by ELISA. The esultsshow the meant SEM) measured in triplicate, oneay
ANOVA followed by NewmarKeuls analysis was used to determindlifferences
between groups were significantly different compared to cells stimulated with LPS,
where *pO 0. Of®, 0* 01 pOnd.ODVN. The results
independent experiments.
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Figure 5.23 MIRNA mimic over expressing miR-155 decrease RANTES
production in a dosedependent manner but does notffect IL -8 production in
response toLPS. Hek TLR4/MD2/CD14 cells were plated at 1¥l@ells/mL and
allowed to adhere for 1Bours to approximately 8@ confluency The cells were then
transfected withNF-s B ( 8 Or pRAgIRF3 (80 ng) and pFRegulated firefly
luciferase (6 ng). Both sets of plasmid DNA were -tansfected with constitutively
expressed TK renilla luciferase (28g) and +/- 0-100 nM miR155 mimic 24 hours
post transfection cells westimulatedwith 100 ng/mL for 18 hours Cells supernatants
were collected and humah) IL-8 andB) RANTES was measured by ELISA. The
resultsshow the meart SEM) measured in triplicate, oneay ANOVA followed by
NewmanKeuls analysis was used to determine if differencesveen groups were

significantly different compared to cells stimulated with LPS, whep®* 0 . 0p®,

*

*

0.0land***pO 0. 001. The results are indicati veé
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Figure 5.24 1nM and 100 nM miRNA mimic over expressinglet-7e decreass
RANTES production but do not effect IL -8 production when stimulated with LPS.

Hek TLR4/MD2/CD14 cells were plated at 1X¥1¢ells/mLandallowed to adhere for 18
hours b approximately 6@ confluency The cells were thetransfected witiNF-o B

(80 ng) or pFAIRF3 (30ng) and pFRegulated firefly luciferase (Bng). Both sets of
plasmid DNA were cdransfected with constitutively ergssed TK renilla luciferase
(20ng) and+/- 0-100 nM let7e mimic 24 hours post transfection cells weemulated

with 100ng/mL LPSfor 18 hours Cellssupernatantaere collected and huma) IL-8

and B) RANTES was measured by ELISA. Thesults show the mear(x SEM)
measured in triplicate, ongay ANOVA followed by NewmasKeuls analysis was used

to deternme if differences between groups were significantly different compared to
cells stimulated with LPS, wherepO 0. 0p®, 0* 01 pa@n@. 6606 %f. The
are indicative of three independent experiments.
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Figure 5.25 Transfection of plasmid DNA, miRNA mimics and stimulation with
LPS and SLPs from RT 001 and RT 027 dmot notably affect viability of the Hek
TLR4/MD2/CD14 cells. Hek TLR4/MD2/CD14 cells were plated at 1>¥16ells/mL
andallowed to adhere for 1Bours to approximately 80 confluency The cells were
thentransfected witiNF-a B ( 8 0 n-¢RF3 (80ng) an& pFRegulated firefly
luciferase (6 ng). Both sets of plasmid DNA were -tansfected with constitutively
expressed TK renilla luciferase (2@@) and+/- 100 nM of each of the miRNA mimics
24 hours post transfectiotells werestimulated with100ng/mL LPS or SLPs from RT
001/ RT 027for 18 hours Cellular viability was then assessed using an MTS assay.
Cells treated with 10% DMSO were used as a positive coReslults are expressed as
a percentage of untreatedllsewith the mean + SEM of thipate assaysData

represerdthree independent experiments.
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Figure 5.26 The positive control miRNA mimic decreasedNF-ae B and | RF3
expression in response to LPS and SLPs from RT 001 and 027.Hek
TLR4/MD2/CD14 cells were plated at 1X16ells/mL and allowed to adhere for 18
hours to approximately 80 confluency The cells werg¢ransfected wittA) NF-e B ( 8 0
ng) orB) pFA-IRF3 (30ng) and pFRegulated firefly luciferase (bng). Both sets of
plasmid DNA were cdransfected with constitutively ergssed TK renilla luciferase
(20 ng) and +/- 100 nM positive or negative control miRNAimic. 24 hours post
transfection ciés were stimulated with100 ng/mL LPS or 20pg/mL SLPs from RT
001/RT 027for 18 hours Lysates were generated and assayed for firefly and renilla
luciferase activityThe Renilla luciferase plasmid was used to norsadbr transfection
efficiency in all experiments The esults show the meanz SEM) measured in

triplicate, oneway ANOVA followed by NewmarKeuls analysis was used to

determine if differences between groups were significantly different, whpé® *0 . 0 5,

* pO 0.01 pOhdO .*0*0*1 . ts &rh éndicatieesad three independent

experiments.
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Figure 5.27 The positive control miRNA mimic decreasd IL-8 and RANTES
cytokine production in response toLPS and SLPs from RT 001 and 027.Hek
TLR4/MD2/CD14 cells were plated at 1X16ells/mL and allowed to adhere for 18
hours to approximately 80 confluency The cells were thetransfected witiNF-o B
(80 ng) or pFAIRF3 (30ng) and pFRegulated firefly luciferase Bng). Both sets of
plasmid DNA were cdransfected with constitutively ergssed TK renilla luciferase
(20 ng) and +/- 100 nM positive/negative control miRNA mimic24 hours post
transfection cells werstimulated with100 ng/mL LPS or SLPs from RT 001/ RT 027
for 18 hours Cells supernatantsvere collected and humak) IL-8 andB) RANTES
was measured by ELISA. Thesultsshow the meait SEM) measured in triplicate,
oneway ANOVA followed by NewmarKeuls analysis was used to determine if

differences between groups were significantly different compared to cells stimulated

with LPS, where’ O 0. 0p®, 0*®1 p@and. 606 t. The results

three independent experiments.
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Figure 5.28 MiR-146a targets IRF3 signallingin response toLPS but not in
response taSLPs from RT 001 and RT 027Hek TLR4/MD2/CD14 cells were plated

at 1x106 cellssmL and allowed to adhere for 18 hours to approximately 60%

confluency. The cells were transfected with A)-BIB ( 8 0 n gJRFDBON®H) pF.

and pFRregulated fiefly luciferase (60 ng). Both sets of plasmid DNA were co
transfected with constitutively expressed TK renilla luciferase (20 ng}&rD0 nM
miR-146a mimic. 24 hours post transfection cells were stimulated with 100 ng/mL LPS
or 20ug/mL SLPs from RT AIRT 027 for 18 hours. Lysates were generated and
assayed for firefly and renilla luciferase activity. The Renilla luciferase plasmid was
used to normalise for transfection efficiency in all experiments. The results show the
mean (x SEM) measured in tripéite, onevay ANOVA followed by NewmasKeuls
analysis was used to determine if differences between groups were significantly
di fferent, where * pO 0.05, ** pO 0.01

three independent experiments
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Figure 5.29 MiR-146a targets RANTES production in response to LPS but not in
response to SLPs from RT 001 and RT 02Hek TLR4/MD2/CD14 cells were plated
at 1x10 cells/mLandallowed toadhere for 1&ours to approximately 86 confluency
The cells were thetransfected wittNF-ae B ( 8 0 n-4RF3 (80ng) an& AFR
regulated firefly luciferase (Bng). Both sets of plasmid DNA were-t@nsfected with
constitutively expessed TK renilla luciferase (2@) and +# 100 nM miR146a mimic
24 hours post transfection cells wesimulated with100ng/mL LPS or SLPs from RT
001/ RT 027or 18 hours Cellssupernatantsere collected and humak) IL-8 andB)
RANTES was measured by ELISA. Thesultsshow the meait: SEM) measured in
triplicate, oneway ANOVA followed by NewmarKeuls analysis was used to
determine if differences between groups were significantly different compared to cells
stimulated with LPS, wherepO 0. Op®, 0*®1 p&n@®. 66061. The

indicative of three independent experiments.
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Figure 5.210 MiR-145 targets IRF3 signalling in response to LPS but not in
response to SLPs from RT 001 and RT 02Hek TLR4/MD2/CD14 cells were plated

at 1x10 cells/mLandallowed to adhere for 18ours to approximately 86 confluency

The cells werdransfected withA) NF-a B ( 8 0 B) pgAIRF® (830ng) and pFR
regulated firdly luciferase (® ng). Both sets of plasmid DNA were-t@nsfected with
constitutively expessed TK renilla luciferase (2@) and 100 nM miRL46a mimic 24

hours post transfection cells wesgmulated with100 ng/mL LPS or 20 pg/mL SLPs

from RT 001/RTO27 for 18 hours Lysates were generated and assayed for firefly and
renilla luciferase activity.The Renilla luciferase plasmid was used to norsaalor
transfection efficiency in all experimeniBhe esultsshow the meaft: SEM) measured

in triplicate, oneway ANOVA followed by NewmarKeuls analysis was used to
determine if differences between groups were significantly different, whpé® *0 . 0 5,
* npO 0.01 pOhdO.*0*0*1 . The results are ind

experiments.

214



IL-8

A)
4000A
3 Hek TLR4/MD2/CD14
30004
E
> 20004
o
1000H
O-
B) RANTES
600+
500+ *kk B
— e
4004
E
> 3004
o
2004
1004 l_-_l | | | |
6] I T I T T I T I T T
+ + - - - - LPS 100 ng/mL
+ + - - RT 001 20ng/mL
+ + RT 027 20ng/mL
+ - + - + - + miR-145 mimic 100 nM

Figure 5.211 MiR-145targets RANTES production in response to LPS but not in
response to SLPs from RT 001 and RT 02Hek TLR4/MD2/CD14 cells were plated
at 1x10 cells/mLandallowed to adher for 18hours to approximately 8@ confluency
The cells were thetransfected wittiNF-e B ( 8 0 n-+4RF3 (80ng) an& pFR
regulated firefly luciferase (Bng). Both sets of plasmid DNA were-t@nsfected with
constitutively expessed TK renilla luciferase (2@) and +/ 100 nM miR145 mimic

24 hours post transfection cells wesimulated with100ng/mL LPS or SLPs from RT
001/ RT 027or 18 hours Cellssupernatantaere collected and humakj IL-8 andB)
RANTES was measured by ELISA. Thesultsshow the meait SEM) measured in
triplicate, oneway ANOVA followed by NewmasKeuls aalysis was used to
determine if differences between groups were significantly different compared to cells
stimulated with LPS, wherepO 0. Op®, 0*®1 p&n@®. 6061. The

indicative of three independent experiments.
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Figure 5.212 MiR-155 targets IRF3 signalling in response to LPS but not in
response to SLPs from RT 001 and RT 02Hek TLR4/MD2/CD14 cells were plated

at 1x10 cells/mLandallowed to adhere for 1I8ours to approximately 8@ confluency

The cells werdransfected withA) NF-e B ( 8 0 B) pgAYIRF® (80ng) and pFR
regulated firdly luciferase (® ng). Both sets of plasmid DNA were-t@nsfected with
constitutively expessed TK renilla luciferase (2@y) and 100 nM miRL55 mimic 24

hours post transfection cells wesgmulated with100 ng/mL LPS or 20ug/mL SLPs

from RT 001/RT 0Z for 18 hours Lysates were generated and assayed for firefly and
renilla luciferase activity.The Renilla luciferase plasmid was used to norsaalor
transfection efficiency in all experimeniBhe esultsshow the meaft SEM) measured

in triplicate, meway ANOVA followed by NewmarKeuls analysis was used to
determine if differences between groups were significantly different, whpé® *0 . 0 5,
* npO 0.01 pOhdO.*0*0*1 . The results are ind

experiments.

216



IL-8

A) 4000~
3 Hek TLR4/MD2/CD14
3000+
E
<, 20004
o
1000+
0-
RANTES
B) 5001
wx T T
4004 —
E 300~
D
o

+ + - - - - LPS 100 ng/mL
+ + - -  RTO001 20w/mL
+ + RTO027 20w/mL
+ - + - + - + miR-155 mimic 100 nM

Figure 5.213 MiR-155 targets RANTES production in response to LPS but not in
response to SLPs from RT 001 and RT 02Hek TLR4/MD2/CD14 cells were plated
at 1x10 cells/mLandallowed to adheréor 18 hours to approximately 86 confluency
The cells were thetransfected wittNF-ae B ( 8 0 n-4RF3 (80ng) an& AFR
regulated firefly luciferase Bng). Both sets of plasmid DNA were-tansfected with
constitutively expessed TK renilla luciferase (2@) and +# 100 nM miR155 mimic

24 hours post transfection cells wesemulated with100ng/mL LPS or SLPs from RT
001/ RT 027or 18 hours Cellssupernatantsiere collected and humak) IL-8 andB)
RANTES was measured by ELISA. Thesultsshow the meait SEM) measured in
triplicate, oneway ANOVA followed by NewmarKeuls analysis was used to
determine if differences between groups were significantly different compared to cells
stimulated with LPS, wherepO 0. Op®, 0* ®1 p&an@®. 6061. The
indicative of three independent experiments.
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Figure 5.214 L et-7e targets IRF3 signalling in response to LPS but not in reense

to SLPs from RT 001 and RT 027Hek TLR4/MD2/CD14 cells were plated at 1210
cells/mL and allowed to adhere for 1Bours to approximately 86 confluency The

cells weretransfected withA) NF-ae B ( 8 0 BnpFA-IRF8 (30 ng) and pFR
regulated firelfy luciferase (6 ng). Both sets of plasmid DNA were-t@nsfected with
constitutively expessed TK renilla luciferase (2@g) and 100 nM leZe mimic 24

hours post transfection cells wesgmulated with100 ng/mL LPS or 20ug/mL SLPs

from RT 001/RT 027or 18 hours Lysates were generated and assayed for firefly and
renilla luciferase activity.The Renilla luciferase plasmid was used to norsaalor
transfection efficiency in all experimeniBhe esultsshow the meaft: SEM) measured

in triplicate, oneway ANOVA followed by NewmarKeuls analysis was used to
determine if differences between groups were significantly different, whpé® *0 . 0 5,
* npO 0.01 pOhdO.*0*0*1 . The results are ind

experiments.

218



IL-8

A) 40004
[ Hek TLR4/MD2/CD14
30001
E
> 20001
o
1000
0_
RANTES
B)
5004
*kk
= s
400+ I
— 30041
£
D
Q- 200+
1004 ‘ \ | | | |
C T T T T T T
- - + + - - LPS 100 ng/mL
+ + - - RT 001 20wy/mL
+ o+ RT 027 20mg/mL
+ - + - + -+ let-7e mimic 100 nM

Figure 5.215 Let-7e targets RANTES production in response to LPS but not in
response to SLPs from RT 001 and RT 02Hek TLR4/MD2/CD14 cells were plated
at 1x10 cells/mLandallowed to adhere fat8 hours to approximately 8@ confluency
The cells were thetransfected wittNF-ae B ( 8 0 n-+4RF3 (80ng) an& AFR
regulated firefly luciferase Bng). Both sets of plasmid DNA were-tansfected with
constitutively expessed TK renilla luciferase (2@) and +/ 100 nM let7e mimic 24
hours post transfection cells wesgmulated with100 ng/mL LPS or SLPs from RT
001/ RT 027or 18 hours Cellssupernatantsere collected and humak) IL-8 andB)
RANTES was measured by ELISA. Thesultsshow the meait SEM) measured in
triplicate, oneway ANOVA followed by NewmarKeuls aalysis was used to
determine if differences between groups were significantly different compared to cells
stimulated with LPS, wherepO 0. Op®, 0* ®1 p&an@®. 6061. The
indicative of three independent experiments
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Figure 5.216 MiR-146a is differentially regulatedin colonic tissue of micereated

with RT 027 at day 3 and day 7 of infectionTotal RNA derived from colonic tissue
from anin vivo model of C. difficile was enriched for miRNAs using the mirVana
Isolation kit, there were 4 aninsgber treatment grougontrol group n=4, groupdated

with RT 001 n=4 andyroup treated with RT 027 n=4.00 ng RNA enriched for
miRNAs was converted to first strand bI3\, the producs of which wereused in gre-
ampPCR reactionSamples weraddedto PCRreaction mixedor individual Tagman
MiRNA assgs and added to wells on a 96 well PCR plate. The plate wasnrtine
Applied Biosystems 79IHT Fast Real Time PCR Machine. The SDS files were
exported and data from the PCR platas analysed using ExpressionSuitafte/are

The max Ct was set to 37.0 tvia threshold of 0.1 and the reference group was set to
the control group. snoRNA202 waised tocorrect for variation of RNA inpuand
reldive gene expression waslculated The resultsshow the meaft SEM) measured

in triplicate,a s t u destwab Wsed tottest for significance bgmparingsample of
colonic tissue of mice treated wiRT 001 with RT 027&here *pO 0. Op®, 0 * 6 1
and**pO 0. 001.
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Figure 5.217 MIR-145 is differentially regulated in colonic tissue of mice treated

with RT 027 at day 3 and day 7 of infectionTotal RNA derived from colonic tissue

from an in vivo model of C. difficile was enriched for miRNAs using the mirVana
Isolation kit, there were dnimals per treatment group: control group n=4ugrveated

with RT 001 n=4 andyroup treated with RT 027 n=4. 100 ng RNA enriched for
mMiRNAs was converted to first strand cDNA, the products of which were used in a pre
amp PCR reaction. Samples wereedldo PCR reaction mixes for individual Tagman
mMiRNA assays and added to wells on a 96 well PCR plate. The plate was run on the
Applied Biosystems 7900HT Fast Real Time PCR Machine. The SDS files were
exported and data from the PCR plate was analysed &sipgessionSuite software.

The max Ct was set to 37.0 with a threshold of 0.1 and the reference group was set to
the control group. snoRNA202 was used to correct for variation of RNA input and
relative gene expression was calculaiBuk results show theean (+ SEM) measured

in triplicate,a s t u destwas 6sed td test for significance by comparing samples of
colonic tissue of mice treated with RT 001 with RT 027 werep O 0. 05, *ox
and *** pO 0.001.
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Figure 5.218 MiR-155is differentially regulated in colonic tisste of mice treated

with RT 001 at day 3 of infection. Total RNA derived from colonic tissue from an

vivo model of C. difficile was enriched for miRNs using the mirVana Isolation Kkit,

there were 4 animals per treatment group: control group n=dp greated with RT 001

n=4 andgroup treated with RT 027 n=4. 100 ®RNA enriched for miRNAswas
converted to first strand dA, the producs of which wereused in apreamp PCR
reaction Samples wer@addedto PCR reaction mixes for individual Tagman miRNA
assays and added to wells on a 96 well PCR plate. The plate was the Applied
Biosystems 790HT Fast Real Time PCR Machine. The SDS files were expannel

data from the PCR plate was analysed using Expression$fiiteue The max Ct was

set to 37.0 with a threshold of 0.1 and the reference group was set to the control group.
snoRNA202 wa used tocorrect for variation of RNA inputand relaive gene
expression wasalculated The esultsshow the meaft SEM) measured in triplicate

s t u d etestwasased to test for significance by comparing samples of colonic tissue
of mice treated with RT 001 with RT 03vhere* pO 0. Op®, 0* ®1 p®nd *:
0.001.
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Figure 5.219 L et-7e isdifferentially regulated in colonic tissue of mice treated with

RT 001 at day 3 of infection. Total RNA derived from colonic tissue from an irvei

model of C. difficile was enriched for miRNAs using the mirVana Isolation kit, there
were 4 animals per treatment group: control group n=4jpgteeated with RT 001 n=4
andgroup treated with RT 027 n=4. 100 ng RNA enriched for miRNAs was converted
to first strand cDNA, the products of which were used in agm@ PCR reaction.
Samples were added to PCR reaction mixes for individual Tagman miRNA assays and
added to wells on a 96 well PCR plate. The plate was run on the Applied Biosystems
7900HT Fast Réa'ime PCR Machine. The SDS files were exported and data from the
PCR plate was analysed using ExpressionSuite software. The max Ct was set to 37.0
with a threshold of 0.1 and the reference group was set to the control group.
snoRNA202 was used to correfdr variation of RNA input and relative gene
expression was calculateéthe results show the mean (+ SEM) measured in triplieate,

s t u d etestwassed to test for significance by comparing samples of colonic tissue
of mice treated with RT 001 withTR027 wheret p O 0. 05, ** pO 0.0
0.001
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Figure 5.220. Heat map showing pathways interactions from miRNAs differentially regulated by SLPs from RT 001 andRT 027.The target

list generated from experimentddta of miRNAs differentially regulated by SLPs fré&ti 001 andRT 027 was inputted into DIANAniRPath v2.0
database. A posteriori analysis was performed where the significance levels between all possible miRNA pathway paicilaieed wsihg
enrichmet analysis. The previously calculated significance levels where combined to provide a meejed for each pathway, by applying
Fisherds combined probabil it yvemsebihobtdepathayavhereaiRNA gamieractiosomiese npi CR NOA. 0 5
Darker colours represent lower significance values and the adjacent dendrograms depict hierarchical clustering. Wéy caiRidésticlustered

together by exhibiting similar pathway targeting patterns
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Table 5.21 MiRNAs differentially regulated by SLPs from RT 001 andRT 027 are

involved in essential cell signalling pathwaysTable showingthe top 5 KEGG
pathways where gene/miRNA/pathwangeractionsare likely to occur. The list of 24
mMiRNAs differentially regulated by SLPs froRT 001 andRT 027 wereinputted into

DIANA -miRPath v2.0 database where a posteriori analysis was performed. The
significance ¢évels between all possible RWA pathwayspairs were calculated using
enrichment analysisThe previously calculated significance levels wée@ombined to
provideamerged-p al ue f or each pat hwabiged prdbsgbilita pp | vy

method.

KEGG pathway p-value #genes #mMiRNAs
ECM- receptor Interaction <1E16 15 6
TGF-beta signalling pathway <1E-16 42 9
MAPK signalling pathway <1E-16 98 10
PI3K-Akt signalling pathway <1E-16 121 11
Focal adhesion 1.1E16 74 10
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Figure 5.221 MiRNAs differentially regulated by SLPs from RT 001 andRT 027

may modulate genes involved in ECMeceptor interaction. The target list generated

from experimental data of IRNAs differentially regulated by SLPs froRT 001 and

RT 027 was inputted intDIANA -miRPath A posteriori analysis as performed where

the sigiificance kvels between all possible RNA pathway pairs were calculated using
enrichment analysis. The previously calculated significance levelsevduenbined to
provideamerged-pal ue for each pathway, by apply
method The resulting gene lists were converted into KEGG imagese& highlighted

in orange represent prethd targets for multiple miRNAsyhereasgenes highlighted

in green are not targeted by the miRNAs of interest in this pathway.
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Figure 5.222. MiRNAs differentially regulated by SLPs from RT001 andRT 027

may modulate genes involved in TGH s i gn al | iThegargptdist genested

from experimental data of IRNAs differentially regulated by SLPs froRT 001 and

RT 027 was inputted intBIANA -miRPath A posteriori analysis as performed where

the significancedvels between all poss#miRNA pathway pairs were calculated using
enrichment analysis. The previously calculated significance levelsevdoenbined to

provide amerged-p al ue for each pathway, by apply
method The resulting gene lists were e@nted into KEGG image$senes highlighted

in yellow represent predicted targets for an individual miRN#nes highlighted in

orange represent pretkdl targets for multiple miRNAs and genes highlighted in green

are not targeted by the miRNAs of interesthis pathway.
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Figure 5.223 MiRNAs differentially regulated by SLPs from RT 001 andRT 027

may modulate genes involved inthe MAPK signalling pathway. The target list

generated from experimental dafanuRNAs differentially regulated by SLPs froRT
001 andRT 027 was inputted intdDIANA-miRPath A posteriori analysis as

performed wherehie significance dvels between all possible RNA pathway pairs

were calculated using enrichment analysis. Theipusly calculated significance levels

wher combined to provide a mergedvpa | u e

for

each

pat hway,

combined probability methodThe resulting gene lists were converted into KEGG

images. Genes highlighted in yellow represent predictadgets for an individual

MIRNA, genes highlighted in orange represent predidargets for multiple miRNAs

and genes highlighted in green are not targeted by the miRNAs of interest in this

pathway.
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Figure 5.224 MiRNAs differentially regulated by SLPs from RT 001 andRT 027

may modulate genes involved irthe PISK-Akt signalling. The target list generated

from experimental data of IRNAs differentially regulated by SLPsom RT 001 and

RT 027 was inputtethto DIANA -miRPath A posteriori analysis as performed where

the significancedvels between all possible RNA pathway pairs were calculated using
enrichment analysis. The previously calculated significance levelsevdoenbined to

provide amerged-pau e f or each pathway, by applyin
method The resulting gene lists were converted into KEGG imageses highlighted

in yellow represent predicted targets for an individual miRNénes highlighted in

orange represent pretkd targets for multiple miRNAs and genes highlighted in green

are not targeted by the miRNAs of interest in this pathway.
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Figure 5.225 MiRNAs differentially regulated by SLPs from RT 001 andRT 027

may modulate genes involved infocal adhesion.The target list generated from
experimental data of RINAs differentially regulated by SLPs froRT 001 andRT

027 was inputted int®IANA -miRPath A posteriori analysis as performed wheréé¢
significance évels letween all possible RRINA pathway pairs were calculated using
enrichment analysis. The previously calculated significance levelssvduenbined to

provide amerged-p al ue for each pathway, by apply
method The resulting gee lists were converted into KEGG imagégnes highlighted

in yellow represent predicted targets for an individual miRN#@nes highlighted in

orange represent preticl targets for multiple miRNAs and genes highlighted in green

are not targeted by the RINAs of interest in this pathway
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Table 5.22 Forty-nine genescrossed twoor more of the top 5 KEGG pathways

and not all genes hadpredicted binding sites for the24 miRNAs of interest. Gene

lists generatedn DIANA-miRPath from the top 5 KEGG pathways were compared.
Table showing the gene, the pathways it belongs to and if the gene contained a predicted
biding site i accordihgto Ta@diScdlargetScamssassesliRNA

seed complementaritgnd conservation

Gene ECM- PI3K TGF-b MAPK Focal miRNA seed
receptor adhesion regions in
30UTR
MAPK1 - a a a a -
ITGA9 a a - - a miR-148b
miR-152
miR-125a5p
COL27A1 a a - - a -
ITGB6 a a - - a -
ITGAS a a = - a miR-148b
miR-152
COL3A1 a a - - a let7 b/c/d/e
ITGA11 a a - - a let-7 b/ch/e
miR-148b
miR-152
COL2A1 a a - - a miR-148b
COL4A2 a a - - a let7 b/c/d/e
miR-9
COL1A1 a a - - a let7 b/c/d/e
ITGA7 a a - - a -
COL4A6 a a - - a let7 b/c/d/e
COL5A2 a a - - a let7 b/c/d/e
COL4A1 a a - - a miR-148b
miR-152
miR-590-5p
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LAMA4

AKT1
SOS2

FGF12
NFKB1
NRAS

RAP1A
CHUK
KRAS

MAPKS8
SOS1

FGF9

FGF18
NGF
RASGRF1
RELA
FGFR1
ROCK1

ITGB8

an

an

an

Q. Qe

an

an

an

an

A r Qe Qe

an

an

an

an

an

an e

an

an an an

an

an

an a  an

an

an

an

an

an

let-7 b/dd/e
miR-148b
miR-152
miR-148b
miR-152

miR-9
miR-148b
miR-145
miR-146a
let7 b/c/d/e
let7 b/c/d/e
miR-155
miR-9
miR148b
miR152
miR-155
miR-155
miR-9
let7 b/c/d/e
miR-125a5p
miR-155
miR-125a5p
miR148b
miR152
miR-145
miR-145
miR-221
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COL4AS5
ROCK2
RAF1
PIK3R3

PDK1
VEGFC
IT GA2
COL1A2
PPP2CB
AKT3
COL11A1
PTEN

RPS6KB1
PPP2CA
RPS6KB2
COL4A4

an

an

an

Ay Qr Qr QO Q. Qe

an

an

an

an  an

an

an e Qe

an

an an Qe

an

an

an

an

an

miR-152
miR-148b
let7 b/c/d/e
let7 b/c/d/e
miR-125a5p
miR-152
miR-148b
miR-9
miR-24
miR-155

let7 b/c/d/e
miR-132

let7 b/c/d/e
miR-152
miR-148b
miR-145

miR125a5p
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Table 5.23 Somegenesin the PI3K-Akt signalling pathway had predicted binding

sites for the 24 miRNAs of interest.Table showing the list of gens generated from

DIANA miRPath and if the gene containedap di ct ed

bi di

ng
according to TargetScan, for the list of 24 miRNAs differentially regulated by SLPs

site

from RT 001 and RT 027. TargetScan assesses miRdA somplementaritand

conservation, see Appendix G for the exact positiom@foredicted binding sites in the

B30UTR regions for each gene
Gene Conserved mi RNA see
PRLR -
GSK3B miR-132

miR-9
miR-24
TSC1 let7 b/c/d/e
PDGFRA miR-24
PPP2R5E miR-132
miR-148b
miR-152
MYB miR-155
PRKAA2 miR-125a5p
miR-146a
let-7 b/c/d/e
PPP2R2C -
CREB5 miR-9
miR-132
miR-145
YWHAG miR-132
miR-125a5p
miR-221
miR-145
HSP90AAL -
CREB1 miR-155
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ANGPT2

CDKN1B

YWHAB

GNB1
PPP2R5C

CDK6

IL7R
PPP2R5A
GHR
IL4
IL2
THEM4
EIF4E
CCNE2
PPP2R2A

PIK3R1

YWHAZ
PPP2R3C

miR-125a5p
miR-145
miR-125a5p
miR-221
miR-24
miR-148b
miR-152
miR-148b
miR-152
miR-145
miR-125a-5p
miR-132
miR-148b
miR-152
miR-145
let7 b/c/d/e
let7 b/c/d/e
miR-9
miR-9
miR-9
miR-221
let-7 b/c/d/e
miR-221
miR-590-5p
miR-155
miR-155
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KITLG

INSR
PRKAA1

FGF2

CHRM2

BCL2L1

CREB3L2

ANGPT1
FOXO3

FN1

PKN2

CDKN1A

SGKS

CSF1R

OSMR
CSF1

GNG5
TEK

BCL2L11

mMiR-132
miR-9
let7 b/c/d/e
miR-148b
miR-152
miR-148b
miR-152
let7 b/c/d/e
miR-9
miR-132
miR-155
miR-9
miR-145
miR-155
let-7 b/c/d/e
let7 b/c/d/e
miR-132
miR-132
miR-9
miR-155
miR-24
miR-155
let-7 b/c/d/e
miR-148b
miR-152
let7 b/c/d/e
miR-148b
miR-152
miR-24
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IL6R

EFNA1

miR-221
miR-148b
miR-152
miR-9
miR-590-5p
miR-125a5p
miR-155
miR-9
let7 b/c/d/e
miR-145
miR-9
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Table 5.24 Somegenes inthe TGFb si gnal ling pathway had

sites for the 24 miRNAs of interest.Table showing the list of gens generated from

DI ANA mi RPath and i f the gene contained
according to TargetScan,rfehe list of 24 miRNAs differentially regulated by SLPs
from RT 001 and RT 027. TargetScan assesses miRdA somplementaritand
conservation, see Appendix G for the exact position of the predicted binding sites in the

B30UTR regions for each gene.

Gene Conserved miRNA seed regions in
30UTR
ID2 -
SMAD2 miR-125a5p
let7 b/c/d/e
miR-145
miR-155
miR-148b
miR-152
SMADG6 -
INHBB miR-148b
miR-152
miR-145
miR-9
SMAD9 -
SMURF2 -
BMPR1B miR-125a5p
BMP5 -
PITX2 miR-590-5p
SMAD3 miR-145
INHBA -
ID4 miR-9
ACVR1 miR-148b
miR-152
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SKP1

ZFYVE16
DCN
E2F5

SMAD5

ACVR2A

GDF6

BMP2
TFDP1
ACVR1C

GDF5
TGFB2

miR-148b
miR-152
miR-145
miR-221
miR-221
miR-132
let7 b/c/d/e
miR-132
miR-145
miR-148b
miR-152
miR-132
miR-24
miR-155
miR-145
miR-155
let7 b/c/d/e
miR-148b
miR-152
miR-155
let-7 b/c/d/e

let7 b/c/d/e
miR-125a5p
miR-9

miR-132
miR-145

miR-590-5p
miR-148b
miR-152
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EP300
BMPR1A
LTBP1

SMAD7
NOG

CREBBP
BMPR2

miR-132
miR-148b
miR-152
miR-590-5p
miR-148b
miR-152
miR-125a5p
miR-590-5p
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Table 5.25 Somegenesinvolved in Focal adhesiorhad predicted binding sites for

the 24 miRNAs of interest. Table showing the list of gens generated from DIANA

miRPath and if the gene contained a prediciedlb n g
to TargetScan, for the list of 24 miRNAs differentially regulated by SLPs from RT 001

and RT 027. TargetScan assesses miRB&dsomplementaritgnd conservation, see

site

n its

Appendix G for the exact position of the predid bi ndi ng sit es
for each gene.
Gene Conserved miRNA seed regions if
36UTR
ACTB miR-145
SHC1 miR-9
COL24A1 let7 b/c/d/e
PPP1CC -
PAKY7 -
VCL miR-590-5p
miR-9
CAV2 miR-148b
miR-152
miR-145
PPP1R12A miR-148b
miR-152
CTNNB1 -
DIAPH1 -
SRC miR-9
PAK4 miR-9
miR-145
miR-24
MYLK3 -
BIRC3 -
VAV3 miR-125a5p
miR-155
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MYLK

XIAP
PPP1CB

let7 b/c/d/e
miR-9
miR-155
miR-9
miR-24
miR-146a
miR-148b
miR-152
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Table 5.26 Some genesin the MAPK signalling pathway had predicted binding

sites for the 24 miRNAs of interest.Table showing the list of gens generated from

DI ANA mi RPat h

i f the

gene

contained

according to TargetScan, for the list 24 miRNAs differentially regulated by SLPs

from RT 001 and RT 027. TargetScan assesses miRdA somplementaritand

conservation, see Appendix G for the exact position of the predicted binding sites in the

B30UTR regions

each

gene.

Gene Conserved mIiRNA seed regions in
30UTR
FOS miR-221
miR-155
NTRK2 -
NTF3 miR-221
miR-590-5p
DUSP22 -
CACNA1G -
PTPRQ -
GNA12 miR-132
ILIR1 miR-24
RASA2 miR-145
miR-9
miR-125a5p
miR-590-5p
ELK4 miR-145
let7 b/c/d/e
miR-221
MAP3K3 miR-9
miR-145
miR-125a5p
let7 b/c/d/e
miR-132
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MAP2K7

DUSP14

CACNB4

DUSP6

RASGRF2
LAMTOR3
MAP4K3
RPS6KA1
RASGRP2
GADD45A

MAP3K4

MA P3K1

MAP3K13
TAB2

BDNF
MAP3K11

TAOK1

MAP2K6

miR-125a5p
miR-9
miR-221
miR-155
let-7b/c/d/e
miR-9
miR-145
miR-125a5p

let7 b/c/d/e
miR-125a5p
miR-148b
miR-152
miR-148b
miR-152
miR-9
let-7 b/c/d/e
let-7 b/c/d/e
let7 b/c/d/e
miR-155
miR-155
miR-145
miR-125a5p
miR-155
miR-24
let7 b/c/d/e
miR-145
miR-221
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FGF11

PPP3CA

NLK

CASP3
RASGRP1
RAPGEF2

NFATC?2
TRAF6

MYC
PPM1A
CACNB1
CACNALE

DUSPS8

PPP3R1
HSPAS8
MAX
FAS

miR-24
let7 b/c/d/e
miR-145
miR-590-5p
let-7 b/c/d/e
miR-24
miR-221
miR-148b
miR-152
let7 b/c/d/e
let7 b/c/d/e
let7 b/c/d/e
miR-145
miR-155
miR-146a
miR-125a5p
miR-125a5p
miR-125a5p
miR-24
let7 b/c/d/e
miR-9
miR-590-5p
miR-9
miR-24
miR-148b
miR-152
miR-221

let-7 b/c/d/e
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RPS6KA3

MAPK12
MECOM
STMN1
MAP3K2
PPM1B
CACNA2D1
CACNB2

MEF2C

IL1IA
MAP2K4
PLA2G4E
MAP3K7
SRF

MAPKAPK2

DUSP1

MAPK10

PDGFRB

CACNB3

let7 b/c/d/e
miR-155

miR-590-5p
miR-145

miR-125a5p

miR-125a5p
miR-145
miR-9
miR-590-5p
miR-9
let-7 b/c/d/e
miR-24
miR-145
miR-9
miR-125a5p
let7 b/c/d/e
miR-590-5p
miR-221
miR-24
miR-9
miR-125a5p
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Human IL6R ENST00000344086.4 3'UTR length: 4285

Key:
Sites with higher probability of preferental conservation

W &mer [l Tmer-m8 [ Tmer-Ad

Sites with lower probatility of preferential conservalion

W nen-canonical

W omer Wl 7mer-m8 | Tmer-A1 [ non-canonical
ENST D000 344088 .4
13 1
L | | | |
ok 1k % 3 ak
Conserved sites for miRNA families broadly conserved among vertebrates
miR-34-5p/449-5p niR=23-3p,/130a-5p niR-20d-Gp/211Bp  miR=3064-Tp/E50d-50
1
miR-143-3p/4 770,/ 6085 miR-125-Epf4310 niR-2L-5pf590-Gp | Let-7-6p,43-Gp,niR-4458, /4500
i ; et
l niR-22-3p miR-1%-5p
1
Position 836-842 of ILGR 3 UTR 5°  UGAAUAAUACAGUAUCUCAGGGC .. Position 29542961 of ILGR 3' UTR 5' ... UUCCCUUUAUULULC- - AURAGCUA., .. Fosition 4164-4170 of ILGR &' UTR 5 ---UMCUGWGCWUTTTTTTG'G- -
[ T 0.78 0.56

[T 073

hsa-miR-125a-5p 3 AGUGUCCAAUUUCCCARAGLICCCU

Figure 5.226 The IL-6 r ecept or

hsa-miR-590-5p
Pasition 3300-3307 of ILER 3' UTR 5

hsa-miR-155-5p

gene

3

3

cont ai

GACGUGAARAUACUUAUUCGAG

«« AUCAAUAAUGUUUGUAGCAUUAA. .

0.45
I

UGGEGAUAGUGCUAAUCGUAAUY

ns

hsa-miR-9-5p 3 AGUAUGUCGAUCUAUUGGUUUCY

Position 40774083 of ILGR 3 UTR 5' .. . AUCUGUUAAAUAGARUACCUCAA. . .

[T
hsa-let-Th-5p 3" UUGGUGUGUUGGEALGAUGGAGL
hsa-let-Tc-5p
hsa-let-7d-5p

hsa-et-7e-5p

0.94

p 0 €l25) nhiR-580, rRiRk 139, RIR-® and léti7 b/gd/esvhithe s f
were differentially regulated by SLPs from RT 001 and RT 027ThesemiRNAs were clustered in three distinct groupsThe taget list generated

from experimental data of ®RNAs differentially regulated by SLPs from RT 001 and RT 027 was inputtedDiddNA -miRPath A posteriori

analysis vas performed whereh¢ significancedvels between all possible RNA pathway pairs were aallated using enrichment analysis. The

previously calculated significance levels wda@ombined to provide a merged/pa | u e

for

each pathway,

by

apply

method Gene lists from the PI3iAkt signalling pathway were inputtedtin TargetScarwere €ed match conservation afdr scores were

determined.
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Human NRAS ENST00000369535.4 3" UTR length: 3630

5] m—y

HKey:
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Sites with lower probakility of preferential consenvation
Wsmer [l 7mer-m8 [l Tmer-A1 |l non-canonical
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Co £ sn niRNA fanilies broadly conserved arong vertebrates
iR-145-3p/152-3p ;ni B-iZd—mn.1 iu R-79-3p

153t
niR-108-5p

5n/m1R—445EV4500

Position 45-52 of NRAS 3’ L’# 5" ...@AGCCACUUUCAAGC-UGCACUGA. . .

I I 0.88
hsa-miR-152-3p 3 GEUUCAAGACAGUACGUGACU
Position 4552 of NRAS 3 UTR 5 ...GAGCCACUUUCAAGC-UGCACUGA. . . 0.88
I T :
hsa-miR-148b-3p 3 UGUUUCAAGACACUACGUGACU
Position 172-179 of NRAS 3'UTR 5* o2 AAUCUCUAUUUGAGAAGUUICUCR. .. =101
[T
hsa-miR-146a-5p 3 ULGGGUAC CUUAAGUCAAGAGL
Position 186-192 of NRAS 3 UTR 5" ...AAGUUCUCAGAAUAACUACCUCC.. = 0.99
11T
hsa-let-Th-5p N UUGaUGUGUUGEAUGAUGGAGU
hsa-et-Tc-5p
hsa-let-7d-5p
hsa-let-7e-5p
Figure 5227The NRAS gene

differentially regulated by SLPs from RT 001 and RT 027. These miRNAs were clustered in three distinct groupsd let-7 b/c/d/e had2
possible binding sitesThe target list generated from experimental data &Nwis differentially regulated by SL$from RT 001 and RT 027 was
inputted intoDIANA -miRPath A posteriori analysis as performed wherd¢ significancedvels between all possible RNA pathway pairs were
calculated using enrichment analysis. The previously calculated significance leeescaimbined to provide a merged/alue for each pathway, by

C 0 Genme liste ftbom the RIFNKEL signalling pathwaye and MAPK signalling pathway were inputted into

applying Fisheros

Position 2592-2598 of NRAS 3' UTR 5°

hsa-let-Th-5p
hsa-et-7c-5p
hsa-let-7d-5p
hsa-et-7e-5p

7

iliR—ZlS—Ep

3+
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miR-22-3n pif-tas-tp/s1p

miR-Z7T-3p n1R-1435-3p/97 706085 miR-181-Jp {4262

1et-7-5p,/955p0/ mi R-dd55/4500 miR-185-5p .1
I

iR-25-3p/32-50//42-30/353-3p/ &
. .AAAAGAAUUCUAGULTTTWTAA. -+ 087
UUGGUGUGUUGSAUG AUGGAGU

5-3p

Position 3599-3606 of NRAS 3'UTR 5° .. .UGUUUAAAAAAUAAAAACUGGAA. .. 0.4
LELEEETL :

hsa-miR-145-5p 3 UCCCUAAGGACCCUUUUGACCUG

p 0 s s t162| niR-138b,UMIRR 464, letY t/c/diegandsmiR145 svhich are

TargetScan were seed match conservatiorPandcoes were determined.
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Human SMAD2 ENST00000262160.6 3' UTR length: 10276

1196 T
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! niR-147-5p,/5581-3p
miR-190-Gp

Position 77-83 of SMAD2 3 UTR 5* .. .UGUGUGGUCCCUAUGGACUGUUL. .. 46 Position 3772-3778 of SMAD2 ¥ UTR 5
[RLNARR
hsa-miR-132-3p 3 GOUGGUACCGACALUCUGACAAL hsa-let-7b-5p 3
B hsa-let-7c-5p
Position 977-983 of SMAD2 3 UTR 5* .. Gcaeunﬁ.\ruuaumt;ﬁﬁtfm -+ 080 hsa-let-7d-5p
hsa-miR-125a-5p 3" AGUGUCCAAUUUCCCAGAGUCCCU hsa-let-7e-5p
Figure 5228The SMAD2 gene contains
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milies broadly conserved among vertebrates
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+ - ACCCAGUUGEUUUCUCUACCUCU. . .
LTITTT

UUGGUGUGUUGGAUGALUGGAGU hsa-miR-145-5p 3+

Position 8334-8340 of SMAD2 3 UTR 5° ..

hsa-miR-152-3p 3

Position 8334-8340 of SMAD2 3 UTR 5" ...

hsa-miR-148b-3p 3
Position 8694-8701 of SMAD2 3' UTR 5°

hsa-miR-155-5p 3"

p 0 s s-138, mé-128a) 1&1-T iBc/dbe,i mRAL45nngR-152i, mife118b farw r

[
UCCCURAGGACCCUUUUGACCUG
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ITLELT]
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0.65
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mi

miR-155 which are differentially regulated by SLPs from RT 001 and RT 027. These miRNAs were clustered in three distinct grougshe
target list generated from experimental data d®NAs differentially regulated by SLPs from RT 001 and RT 027 was inputteditbA -miRPath
A posteriori anajsis was performed wheréh¢ significancedvels between all possible RNA pathway pairs were calculated using enrichment

analysis. The previously calculated significance levels &bembined to provide a merged/glue for each pathway, by applying Fésh 6 s

probability method Gene lists fronthe TGFb

determined.

249

combi

S i g pathWdy wergginputted into TargetScan were seed match conservatiBgresubres were

F

r



Human S0OS1 ENSTO00000426016.1 3' UTR length: 4428
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miF-145-3p/152-3pf niR-140-3p .2 QiR-132—35pF 212-3p miR-203-3a.1
1 1
miR-217 8307 30 niR—20-5g miR-181-Gp 4262 miR-27-2p
1 1 L}
1RG5 miR-140-3p.2 miR-144-3p
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wiR-17—5p/20-Ep s 08-Bp L0G6 -5y, F10- 3p/526—3p
miR-27-3p
1
Position 58-65 of S0S1 3' UTR 5° - - LAULGCGGCAALGGAUGCACUGA. . . 0.59
TN -
hsa-miR-152-3p 3" GEUUCAAGACAGUACGLMGACL
Position 58-65 of SOS81 3 UTR 5° - - AUUGCLGGECAAUGGAUGCACUGA . . . 0.59
(IR
hsa-miR-148b-3p 3" UGLULCAAGACATUACGLMGACL
Position 597-604 of S051 3 UTR 5" . . . GEGUACCGAGGCUUCACCAAAGA. .. [O.8T7
RN
hsa-miR-3-5p 3 AGUAUGUCGAUCUAULGGUILUCU
Position 798-804 of SOS1 3 UTR 5" ...U0AUUUGCAUUUAGGAGACUGUUC ... 0.38
LTI
hsa-miR-132-3p 3 GOUaEUACCGACALCUGACAAL

Figure 5.229 The SOS1 gene@nt ai ns possi bl e
differentially regulated by SLPs from RT 001 and RT 027. These miRNAs were clustered in two distinct groupBhe target list generated from
experimental dataf miRNAs differentially regulated by SLPs from RT 001 and RT 027 was inputteiANA -miRPath A posteriori analysis as
performed wherehie significance dvels between all possible RNA pathway pairs were calculated using enrichment analysis. Theuysby

calculated significance levels wieetombined to provide amergeddpa | ue f or each pat hway, by appl Genheng

3k 4

miR-124-3p.2/506-3p miR-124-3p .2 006-3p
' miR-Z7-3p miIRQSS—Sp
! miR-124-3p.1 !
ij—iza—Blpfzie—apfasa:l—ao
miR-182-5p
l EniR—QS—Ep/iE?L—Ep

Position 3666-3672 of SOS1 3 UTR 5° .. .UUUAAUGAAAAUAGUGCAUUAAG. . . 0.36
I .

hsa-miR-155-5p 3* UGEaEAUAGUGCUAALCGUAALIL

3 60 UTIR2, miR14&b] mikR9, miR-132 and MiB155 whiclr are

lists from the MAPK and PI3KAkt signalling were inputted into TargetScan were seed match consaraatiBcr scores were determined.
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Human TRAF6 ENSTO00000526995.1 3" UTR length: 6100 Sites with highar probability of preferantal conservation
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Sites with lower probakbility of preferential consernvation

W amer [l 7mer-m8 [l Ymer-A1 [l nen-canonical

EMETOOO00EEE355 .1

aq _I'l.__.
\ ; , , , , ,
ok ak 2k, ak af 5k &k
Conzerved sites & Fanilie wqrnn=eryed anong wertebrates
WiR-134-5p K =53-5p i P—14E-5rF155-50 miR—1Za—p .2/ 506- 30
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miR-124-3p .1 mmLES—Ep 19
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niR-140-3p.1
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Position 473-480 of TRAFS 3' UTR 5° . - JUGCUCUAGAAAGUUGAGUUCUCA. . .
hsa-miR-14G6a-5p 3° UUGGGUACCUUMGJJ(':.LL('E.LéU o
Position 538-545 of TRAFS 3' UTR 5° - LUCCUUGGAASACUUAAGUUCUCA. .. =01
hsa-miR-146a.5p 3+ UUGGGUALLIUARG- - -UCAAGAGY

Position 1272-1279 of TRAFG 3' UTR 5* .. MUAUCGLII(IST.TTLIICU.T(ISLIITTLIITA . -01
hsa-miR-146a-5p 3 UUGGEUACCULAAGUCAAGAGU

Position 1276-1283 of TRAFS 3' UTR 5°* -« JUCGUGGAAUCUAGUUCUCAGEGA. . . 0.60
hsa-miR-125a-5p 3° AGUGUCCAALILL CCCAéﬁlkllSLI_I é(IZéU

Figure 5230The TRAF6 gene contai ns pos sidbalard miRé23aviichbare mitferentiglly regulatedsy SLBsr mi |
from RT 001 and RT 027. These miRNKs were clustered in one group ananiR-146a has3 possible binding sitesThe target list generated from
experimental data of miRNAs differentially regulated by SLPs from RT 001 and RT 027 was inputted into-DiiRIRAth. A posteriori analysis was
performed where the significance levels between all possible miRNA pathway pairs were calculated using enrichment analysisoudhg prev
calculated significance levels where combined to provideamerged p ue f or each pat hway, ohbapilityanetpod.yceneg Fi

lists from the MAPK signalling were inputted into TargetScan were seed match conservation and PCT scores were determined
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5.3 Discussion

A pathogen must successfully infiltrate
suppressingd#mn cel | 6s natur al functions for its
immune system and other defen¢ésachler, Woolery, & Orth, 2011Some strains of

C. difficile can do this more effectively than others and there are differences in the
severity of infection between ribotypes 001 and,@&previouslyoutlined.In order to

protect agaist invaling pathogens, orgaspecific and systemic immunological host
responses are activated BYAMPS via membrae associatedlTLRs and cytopasmic
Nod-like receptorgStaedel & Darfeuille, 2013YLR4 was the first mammalian TLR to

be discovered, it detects LPS which is one of test studied components of bacteria

that can activatean immune response (Ruslan Medzhitov et al., 1997). TLR4 is
distinctive among TLRs in that it activates the MyBd&pendent and MyD88
independent signalling pathway&kira & Takeda, 2004)Activation of both arms of

the TLR4 signalling pathways required for full bacterial clearanc&ownstream
signalling fdlowing activation of TLR4 with LPS ultimately leads the activation of
transcription factors such as AR NFe B and |l RF3 and t he [
inflammatory cytokines, IFN and IFMducible genes(Mogensen, 2009)NF-a B
activates innate and adajgt immunity aimed at eliminatg the detected pathogen and
developing a long lasting protectiagainst future infectior(Staedel & Darfeuille,

2013) Other studies have shown the importance of IRF3 and type | IFNs in the

modulation of host dehce and bacterial clearan€é@é Connel | .et al ., 2(

The inflammatory response to infection must be tightly regulated in order to achieve
pathogen clearance and at the same time alairimentalconsequences of deregulated
gene expressiofstaedel & Darfeuille, 2013Yhe discovery in eukgotic cells of small
noncoding RNAs knan as miRNAshas greatly expanded our understanding of the
mechanisms #t regulate gene expressi@iriedman, Farh, Burge, & Bartel, 2009)
MiRNAs have been shown to be involved in innate immunity by regulating TLR
signallingand ensuing cytokine response thygeting a variety of signalling proteins,
regulatory molecules and transcription fact@alal & Kwon, 2010; He et al., 2014,
Sonkoly et al., 2008)There is also mounting evidence tth@iRNAs orchestrate

immune regulation and the host response to pathogens during inféatigpite their
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clear importance as a class of regulatory molecule, determining the biological relevance
of individual miRNAs has proven challenging/idigal & Ventura, 2014) The
implication of miRNAs in human diseases warrantsitical need to identifymiRNA
regulated genes in a biologically relevant contEk@rang & Weston, 2014)it is
currently estimated that the human genome encodes thousands of miRNAs, targeting
approximately60% of all protein coding genefFriedman et al., 2009)MiRNAs,

similar tomRNA, are expressed in a time and tisspecific manner, and are involved

in many fundamental biological processes

The function of specific miRNAs have been predominantly inferred from over
expression studies ircultured cellsor from studies that usantisense molecules as a
means of disipting their pairing to target mRNAVidigal & Ventura, 2014) A
common method to determine miRNA functionality is tansfect cells with both
luciferase reporter constructs and increasing the amounts of the miRNA of interest with
chemically synthesisedniRNA mimics (van Rooij, 2011) The advantage of
introducing a MIiRNA is that if the miRNA actually targets the binding sitéhe

3 OTR region, there will be a doskependent ecrease in gene expression and this can
be determined fronma luciferasegene reporter assay read .ot chapter threewve
established duciferase gene reporter assay to examine the expression-afBNF a n d
IRF3 signalling in Hek TLR4/MD2/CD14ells We showed that SLPs from ribotype

001 and 027 activate N6 B a n ¢otemnch ef the response differdietween
ribotypes. SLPs from ribotype @ZctivatelRF3 signalling ot SLPs from ribotype 001

fail to induce this response. In chapter fone identified 24 miRNAs that were
differentially regulated by SLPs from ribotype 001 and 02ihg gPCRWe validated

the expression of miR46a, miR145, mR-155 and lef7e in human and murine cell
lines. The aim of the first part of this chapter wasdetermine thdunctionality of;
miR-146a, miR145, miR155 and lefe,in NFe B and | RFiB respongeroa | | i |
SLPsfollowing TLR4 activation using chemically synthesised miRNA mimics in the

already established luciferase gene reporter assay.

Initial findings suggested thamiR-146a, miR145, miR155 and lef7e individually
targeted RANTES production in response to TLR4 activation with LRERRNA
mimics over expressing miR46a, miR145 and miRL55 decreased RANTES
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production in a dose dependent manner, wimiBRNA mimics over expressing l&te
decreased RANTES production withand 100 nMin response to LRSDn the other
handIL-8 production was notféected by the individual miRNA mimics in response to
TLR4 activation with LPSSeeing agransfection withL00 nM of each miRNA mimic
affected RANTES production we choose thascentration for all further studiegv/e
incorporatedpositive and negativecontrol miRNA mimicsinto our study and showed
that miRNA mimis had theability to bind toconstructdeading to decreased NB/
IRF3 gene expressiaams wellasIL-8/RANTES cytokne production. We also showed
that the outcome wasiot due to the effects of transient transfectimone and the
combination oftransienttransfection withcell stimulaion did not have any significant
cytotoxic effects on the cell€Consequentlywe wereunable to link the individual
mMiRNAstoNFe B and | REFE Qverexpegssiag mi46agmiR145, miR155
and let7e did not decreadRF3 signalling or RANTES production nesponse to SLPs
from ribotype001 and 027We confirmed however that miR46a, miR 145, miR155
and let7e targeted IRF3 gene expression and RANTES production specifically in
response to TLR4 activation with LPEF-ea B a n8dproduttion was not affected
when the miRNAs were ovarxpressed in response to LP&PS from ribotyge (01
and 027.

Interestingly both LPS and SLPs from ribotype 027 activate the same TLR4 receptor
and lead to downstream activation of P and | RF3 signalling.
differences in the miRNAs induced and how they target essential signalitegules

in regard to IRF3 signallingrhis has not yet been reported in the literataréhe best

of our knowledge These proteins seemingly activate the same signalling pathways
however our study highlights thamiRNAs regulate this further anthus warrants
further investigationlt is possible that miRNAs that target IRF3 signallingesponse

to SLPs from ribotype 001 and 027 require the cooperation of other miRNAs to
effectively target this signalling pathwafvidence from the literature showsath
MIiRNASs rarely act in isolationand they have been shown to be incorporated into
various negative feddck andfeed forwardoops(Tsang, Zhu, & Oudenaarden, 2007)
Recently studiebave shown that transctipnal regulation by transcription factoasd
posttranscriptionalregulation by miRNAs are often highgoordinatedCai, Zhou, &

Liu, 2013; Martinez & Walhout, 2009; Tsang et al., 200@)negative feedback loops a
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transcription factor suppressesniégRNA and thetranscription factoitself is negatively
regulated by the miRNAEvidence from the literature hatsoshownthat this type of
feedback loopbehave like a switch even withoti cooperative binding of the
transcription factor(Cai et al., 2013) MiRNAs regulate many different targets,

i ndi vi dual 30UTRs al so contain binding
elaborate and complicated networks in which redundancy and cooperation between
mMiRNAs determine the effect on gene expresdiBartel, 2009; MartineSanchez &
Murphy, 2013; Obermayer & Levine, 2014; van Rooij, 2011)

Nonetheless the most commonly used cellular asaegysbased on the principle of
studying the functional consequences atificially manipulating miRNA levels.
However, as the biological concentrations of these miRMAgivo may be several
orders of magnitude different tham vitro conditions, itis esential that the results of
target recognition are recapitulated in appropriate animal models (Tarang & Weston,
2014). We had access to a bank of RNA samples derived from colonic tissue@om a
difficile infection model. Mice were treated with a cockiailantibiotics before being
infected with 16 C. difficile spores from ribotype 001 and 027. The colon was
harvested at two time poin{gostinfection and RNA was extracted from the distal
colon. Data previously generatedn our laboratoryfrom this infection modellinked
infection with ribotype027 with more severe disease. Animals infected with this
ribotype showed greater weight loss, more tissue damage, and higher bacterial load
relative to control andhice infected with ribotype 001. igk infected wih ribotype001

were able to effectively recover after seven days, with lowered CFU counts aindsweig
comparable to control miceHistology of colonic tissue suppodethis analysis,
revealing mice infected withibotype001 hadhealthy gut morphology senalays after
infection, whilemice infected with ribotype 027 hawlore severe angersistent damage
(Lynch 2014 unpublishelyl The aim ofthe next parof this chapter wato examine the
expression of miRl46a, miR145, miR155 am let7e from the colonic tissue
generated in th€. difficile infection model seeing as we valaded these miRNAS in

bothahuman and murine cell lines in the previous chapte

We foundthat the total RNA derived from th@. difficile infection model contained

each of the miRNAs and small RNA endogenous cont@s.results suggestrole for
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miR-146a, miR145, miR155 and lef7e inC. difficile infection. Our data showed &t
miR-146a and miRL45 were differentially regulated in colonic tissefemice infected

with ribotype 001 and 027, three and seven days post infecClioese miRNAsvere
down regulated in colonic tissue of mice infected with ribotype 027 three days post
infection This data aligned witim vitro results, however at daytiiese miRNAs were

up regulatedOur data shows thatiR-145 and miRL46a were down regulated at day 3

of infection in response to ribotype Q2ii comparisormiR-145and miR146awereup
regulatedin the tissue of mice infected with ribotype Offlday 3 of infectionOn the
other handniR-155 and lef7e were differentially regulated in colonic tissue from mice
infected with ribotype 001 and 027 three days post infecBath miRNAswere up
regulated in colonic tissue of mice infected with ribotype 001 three days post infection
this was significantly different to the levels induced bygerninfected with ribotype 027.
These miRNAlevels in mice infected with ribotype 001 and (#peared toeturnto
levels comparable to levels seen in the control mice seven days post infétion.
infection data doesot align within vitro data in that we do not see a down regulation
of these miRNAstherefore expression may not be linked to the SilBse. However

we did seedifferential regulation of miR155 and leffe between both ribotypes
suggestinghey may have other important roles in regulating the host immune response
to C. difficile. Research from our laboratopyeviouslyfound that I.-10 was ncreased

in mice infected with ribotype 027 at day 3 of infectionthis model(Lynch 2014
unpublishedl In contrast [L10 was notproducedin respamse to ribotyp 00lat day 3

of infection possilly allowing the increase inmiR-155 expressionat this point in
infection this data also aligns witim vitro experimentsTherdore theremay be dink

between the induction of L0 and miR155expressionn response t€. difficile.

The implication of miRNAs in human diseases warrantsriical need to identify
MiRNA regulated genes in a biologically relevant con{@drang & Weston, 2014)
Identification of mIRNA target gees has been a great challenge aowchputational
algorithms have been the major drivingde in predicting miRNA target8entwich et
al., 2005; Jens & Rajewsky, 2014; Kuhn et al., 2008; Lewis et al., 2BRpgrimental
data is not enough to give a contpeasive view of miRNA biologytiis thought tat to
get a more complete viewxperimental data must ®mbined with computational
predications(Bentwich et al., 2005; Ghosh et al., 2007; Sachidanandam, 2005)

256



chapterfour we identified 24 miRNAs that were differentially regulated by SLPs from
ribotypes 001 and 027experimentallyusing gPCR Seeing as miRNAs may work in
complex networks wedecided to ulise bioinformatics to identify possible
miRNA/pathway/gene interactions from the list of 24 miRNAgdentify biologically
relevant miRNA target genefIANA miRPath is thought to stand out from other
prediction tools due to itange of capabilities,ase of usgerelatively current input data
and maintenance of the softwgReterson eal., 2014) Our data shows th&LPsfrom
ribotypes 001 and 027 may regulatdRNAs that target genes involved in these
essential cell signalling process&sie bioinformatics search identified 54 pathways in
which the 24 miRNAs of interestere predictedo targetgenes in pathways found in
KEGG. The top 5 pathwayECM, MAPK signalling, PIBKAKT signalling, TGFb
signalling and focal adhesiowerepredicted to bénvolved in essetial cell signalling

processefargeting 350 genes.

MAPKs are seringhreonine kinases that mediate intracellular signalling associated
with a variety of cellular activities includingell proliferation, differentiation, survival,
death, and transformatiofiKim & Choi, 2010) Our data shows that 98 genes were
predicted to be targeted by 10 of the miRNAs of interest in the MARKalling
pathway.The genes targeted considtof key kinases that regulat@s pathway and
other genes that are known to modulate the immune response. We also show that 121
genes were predicted to be targeted by 11 of the miRNAs in the AdBKignaling
pathway. This pathwaylays an important role in a variety of cellular processes,
including migration, suwvival and proliferationFor this reason, the pathway is targeted

by many pathogens t@inforce or destroy focal adsiens, which play an intedreole

in phagocytosigKrachler et al.,, 2011)Activation of PI3K can also activate small
GTPases, such as Ras and Radclwvire linked to proliferationFocal adhesions lie at

the convergence of integrin adhesiaignallingand the actin cytoskeleton. Our data
shows 74 genes were predicted to be targeted by 10 of the miRNAs in the focal
adhesion pathway. Cells modify focal adimas in response to changes in the molecular
composition and physical forces present in their ECM thus modulation of focal
adhesion camegulate cell prisferation, survival, migrationand invasion(Wozniak,
Modzelewska, Kwong, & Keely, 2004MliRNAs regulatedn response to ribotype 001

and 027potentally alter cell fate. Evidence fronthe literature has shown that altering
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cell fatemay bevital in the fine tuning of the immune response against infe¢kam
& Choi, 2010;Liu, Drescher, & Chen, 2009)

As well as nonspecific hydrophobic and electrostatic forces, bacteria use surface
proteins with specific affinity for plasma peans and components of the ECM to
physically interact with host cells and muciia a number bdifferent adhesinsOur

data also shows that 15 genes were predicted to be targeted by 6 of the miRNAs of
interest in ECM receptor signalling pathwa@ihe ECM is noggenerallyexposedn the

gut of healthy individualsand thus is not accessible for irstetion with bacteria.
However, these molecules become exposed after a tissue trauma following a mechanical
or chemial injury or after an infectionthus aidingthe adherencef the bacteriao
epithelial cells (Dubreuil, Giudice, & Rappuoli, 2002)The genestargeted by the
MiRNAs of interestwere integrinswhich areinvolved in cell surface adhesiand
collagens which form structural elements in th€ME It is possible that down
regulation of miRNAs induced by ribotype O®reserve the expression BEM genes
allowing the bacteria to adhete epithelial cells.In contrast miRNAsregulatedin
response to ribotype 001 mdyi nd t o t hgenes3irivalVEdRin @ ECM
preventing expssiorthusleading to reducebacterial adherenc®Ve alsoidentified42
genesthat were predicted to be targeted byn®RNAs of interestin the TGFD

signalling pathway.

Members of the TG family exert a wide range of biological effects on a largestyar
of cell types, for example they regulate cell growth, differemtgtimatrix production
and apojosis. Many of them have important functions duremgbryonicdevelopment

in pattern formation and tissue specification; in the adult they are involy@adéesses
such as tissue repair antbdulation of the immune systegHeldin, Miyazono, & ten
Dijke, 1997) The genes targeted by the miRNAfsiterestwere SMAD proteins and
other growth factors.SMAD3 inhibits activated macrophages and is essential in
suppressing the inflammatory response by sequestpB8§ anessential cectivator
from the target promotgiWerner et al., 2000)SMAD3 contins a preitted binding
site for miR145 and m chapter fouwe showed thamiR-145 wasup regulated in
response t&LPs fromribotype 001 howeverit is down regulated in response to SLPs
from ribotype 027 in Hek TLR4/MD2/CD14 cell# is possible thamiR-145 induced
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by SLPs from ribotype 0D bindt o t he 36UTR region of S|
expressionthus stopping SMADS3 fromsuppressing the inflammatorgsponsdeading

to more efficient bacterial clearanda contrast miRL45 is down regulateith response

to SLPs from ribotyp 027 therefore SMAD3 may bfee to suppress the inflammatory
responseallowing for the persistence of infecti@eenwith ribotype 027 Hencewe
haveidentified possible biologically relevant genes that@edicted to be tgetedby

the miRNAs inducedn response taibotype 001 and 027 and musterefore be

validatedexperimentallyin future work.

MiRNAs can be transcribed from intergenic regions, where an individual gene or cluster
of miRNAs form an independent transcrgatal unit, or from introns of coding genes.

38% of murine miRNAs fall within introns of mMRNAKhiang et al., 2010)in most

cases the miRNA is processed from the intron of the tnasscriptthus the miRNAs

and host gene are -@vdinately expressed. Additionally, multiple miRNA hairpins are
often encoded aslusters within a single primary transcript. These clusters can encode
multiple miRNA seed familiefGurtan & Sharp, 2013)While expression between
clustered miRNAs istronglycorrelated, it is not absolute thus indicating regulation at

the level of processingChiang et al., 2010)The clustered organisation of miRNAs
suggests shared biological function among related miRN&sent in the same primary
transcript(Gurtan & Sharp, 2013MiRNAs regulatea plethora of targt mRNAs, the
simultaneous taeting of individual transcripts by multiple miAs and the
redundancy of miRNAmedided control of gene expressioparticularly for miRNAs

sharing common seed sequences, are important factorethabgte to this complexity
(Eulalio & Mano, 2015) The number and distribution of miRNA binding sites is
particularly important. Studies have demonstrated that twe isitthe same or different
mMiRNAs can act synergistically and that the distance between neighbouring miRNA
binding sites affects the strength of the targets down regulation (Koscianska, Witkos,
Kozlowska, Wojeechowska, & Krzyzosiak, 2015)Specifically, @timal down
regulationwao bser ved when the distance between
and the 506 end of the subsequent one was
MiRNA seeds were separated by between 13 and 35 nt. Therefore thestardete 0 s
activity depends on its surrounding conté&timson et al., 2007; Saetrom et al., 2007)

We searched forthed2 mi RNAs of interest in the 30U
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identified by DIANA miRPathn TargetScanNot all of thegenehad predi ct ed
regions for the 24 miRNAs of interest according to TargetSkeaweverthe majority

did have possibleredided binding sitesWe selected 5 genes-BR, NRAS, SMAD2,

SOS1 and TRAF6 for further investigation

Through IL-6R, IL-6 signalling activates tyosine kinases JAK1, JAK2, and TYK2,
which leads to the phosphorylation 8TAT1 and STAT3 STAT3 is an importat
regulator for a number of ardpoptotic genegYao et al., 2014)NRAS is from a
family of GTPase that control basic cellular functions including control of proliferation,
differentiation and apoptosis and there is increasing evidence that it plays a role in the
induction d T cells(Mor, Keren, Kloog, & George, 20083MAD2 plays a critical role

in TGFb signalling(Ungefroren et al., 2011 argetedSOS1deletion reveals a critical

role in early TFcell developmeniKortum et al., 2013) While TRAF6 a signalling
adapter molecule plays a significant role in MyEd&pendent signalling, it is also
important for DC maturation, cytokine production and has a T cell stimulatory capacity
(Kobayashi, Walsh, & Choi, 2004pur data shows thahe miRNAs of interest were
predicted to be foundidi st i ncti ve groups in tdemes.36UT
There were possible limg sites for miRL48b and miRL52 in the same location 3

out of the 5 genes'here were alspossible binding sites for létb, let7c, let7d and

let-7e in the same locatiom 4 out of 5 of the genesThere were also rpdicted
cooperation between miR46a and miRL25in the TRAF6 geneandthe miRNAs were
predicted to be separated by 11 nt possibly allownrgoptimal down regulatiorMiR-

155 wereis close proximity to mike50i n t he 36UTR regi one of
while miR-145 and miRL46a wer e in c¢close proximity
SMAD2 gene.This computational data shows that the miRNAs induced by SLPs from
ribotype 001 and 027 may work together in distinctive miRNA clusidrish regulate
genes involed in a variety of cellular functions that may regulate the immune response

and T cell function

In summary,LPS and SLPs from ribotype 027 activate the same TLR4 receptor and
lead to downstream activation of NFB and | RF3 signalling.
differences in the miRNAsgulatedand how they target essential signalling molecules

in regard to IRF3ignalling. This has not yet been reported in the literature to the best
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of our knowledge. These proteins seemingly activate the same signalling pathways
however our study highlights that miRNAs regulate this further and thus warrants
further investigationWe were unable to link the individual miRNAs to MFB a n d
IRF3 signalling over expressing miR46a, miR145, miR155 and leffe did not
decrease IRF3 signalling or RANTES production in response to SLPs from ribotype
001 and 027. Howeveyur data suggestsrole these miRNAs in CDIThere may also

be a link between the induction of-00 and miR155 expression in response @
difficile and this novel finding has yet to be reported in the literature, it also warrants
further investigationThe impact of themodulation of the immune response by the
miRNAs may lead to biologically relevant changes at the cell level in a variety of
processes such as the regulationcefl growth, differentiabn, matrix production,
apoposis proliferation, cytoskeletal dynams; cell surface adhesion and collagens
which form structural elementdzurther work is needed to validate these results
experimentally, however we identified genesatticould be used in future workve

know from the literature that miRNAs regulate manyf difr e n t target s,
UTRs also contain binding sites for multiple miRNAs, allowing for elaborate and
complicated networks in which redundancy and cooperation between mMiRNAs
determine the effect on gene expresqBartel, 2009; MartineSanchez & Murphy,
2013; Obermayer & Levine, 2014; van Rooij, 20MJe have identified 24 miRNAs of
interest that are found in distinctive g
morework is needed to fullglucidatethe complexities of these miRNAs in relation to
these networkshey induce in response . difficile. However he data generated in
this study could be potentially used help targettherapeuticsfor the clearanceof
persistent CDI.
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Chapter 6: General Discussion
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6.1 General Discussion

C. difficile like other bacterial pathogens may manipulate cellular functions, signal
transduction pathways and grdlammatory responses through the delivery of effectors
into hostcells todrive towards a protective axtiflammatory response or a damaging
pro-inflammatory responsgsolomon,2013; Staedel & Darfeuille, 2013}. difficile is
highly transmissible between humanghich is key to its survival and persistence
(Deakin et al., 2012)CDI is now the leading cause of antibieissociated diarrhoea
worldwide (Solomon, 2013) The bacteri umbds ability t
antibiotics in recenyears has enabldats rapid spread among patierf®Bupnik et al.,
2009) Advances in molecular methods and improved animal models have facilitated an
understanding of how this organism survives in the environment, adaptsGo titaet

and accomplisheds unique pathogenegi€arroll & Bartlett, 2011) The combination

of more aggressive strainthie expansion of the pool of individuals at risk of Card

the difference in severity of infection between stralmssled to a rengved effort to

understand the molecular mechanisms associated with the pathogelti@sisliskase.

The severity of CDI can vary depending on the strain causing infg@embut et al.,
2007; Dawson et al., 2009; akhy et al., 2005)Some trainsincluding ribotype 001
may induce mild diseas&hile otherssuch as ribotype 02@an induce severe colitis,
leading to sepsis anth some casegven deathMany virulence factors have been
examined over the yeamsjth a particular interest in toxin productiooxins mediate
destuction of the epithelial celleading to apoptosis and cell deadii of which have
been studied in deta{Buffie & Pamer, 2013; Deneve et al., 200Blponethelesghe
main mode of transmission of CDI is through the ingestiorCofdifficile spoes,
although the timing and signals triggered to initiate germination following ingestion are
not aswell studied(Jump et al., 2007)Unlike most pathogen<;. difficile producea
metabolically dormant spore that is excreted by iei@giatient§Lawley, Croucher, et
al., 2009) Infective spres persist in the environment becatisey are resistant to a
wide range of pysical andchemical stressefCarlson et al., 2015; Pared®abja et al.,
2014) Spores represent the infectious stage€ofifficile anddiversity in germination
characteristics of particulastrainsmay also contribute to the observed differences in

disease severityAnother important factor to consider is thitachmenbf C. difficile to
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the mucosa, as this is an important step in disease pathog@hasiiné et al., 2005)
CWPs are extremely important components of tHayBrthathave an essential role in
facilitating adherenceThe Slayerof most bacterial speciesecomposed of one major
protein, whit is modified by glycosylatiofSara & Sleytr, 2000)However C. difficile

IS unique in that a single gene encodes two SLPs which are derived from post
translational cleavage of a single precudpAgene(Fagan et al., 2009Mature SLPs
contain a HMW proteirwhich is highly conserved across strains@f difficile, and a
LMW protein whichhas beershown to be the dominant antigé®rudy et al., 2004; Ni
Eidhin et al., 2006; Sharp & Poxton, 1988)

Mutation is the primary source of variation in any organism. Without it, natural
selection cannot operate and organisms cannot adapt to novel enviroli@enuts,
Perfeito, & Sousa, 2011)Evidence from the terature suggests that sequence
differences in essential genes between strains of bacteria may affect virdagées
noted for its amino acid sequence diversity and can determine the outcome of infection
betweendifferent strains ofHelicobacter pylori(H. pylori) (Evans & Evans, 2001)
LMW SLPs exhibit vast sequence variability betweeniss (Calabi et al., 2001; Ni
Eidhin et al., 2006)A change in structure or specific motifs in LMW proteins may
result in the host immune cells no longer being able to recogdsdifficile as a
pathogern(Ausiello et al., 2006)Bioinformatic analysis carried out in our laboratory on
mutationsin theslpAgene from 16 ribotypes @. difficile, showed aminacid residues
undergo positive selectiogiving a fitness advantage particular ribotype enabling
their survival (Lynch 2014, unpublishedPreviows research from our laboratoayso
showed that intact SLPs from ribotype 001 containing both HMW and LMW proteins
were required for DC activation and subsequently generated T helper cells required for
bacterial clearanceia TLR4 (Ryan et al., 2011)SLPs isolated from ribotype 001
activate innge and adaptive immunity, suggesting an important role for SLPs in the
recognition ofC. difficile by the immune systentCollins et al., 2014; Ryan et al.,
2011) Given theknown sequence differencesLMW SLPsanddifferences in clinical
symptoms between strains Gf difficile, the aim of the first part of thistudy was to
investigate the immune nesnse of SLPs from various ribotypes of. difficile,

following TLR4 activationand the induction alownstream signalling.
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Analysisreveaéd therearedifferences in the potency of themmune response between
ribotypes. SLPs froma variety of C. difficile ribotypesinduced the maturation of
BMDCs, key immune cellsDC maturation is characterised by increased expression of
cell surface markers such as CD40, CD80 and C(Bggins et al., 2003; Lavelle et
al., 2003) SLPs from the various ribotypes inddcthe expression of these surface
markersin BMDCs and the response was similarth@atinduced by LPS, avell-known
TLR4 agonist(Akashi et al., 2003; Taro Kawai & Akira, 2007; Laird et al., 2008}
maturation is also characterised by the productiorcygbkines such as HL2p4),

T NF U ;23 dnd I-6. These cytokines play a central role in the modulation of the
immune system and they can have-pritammatory or antinflammatory functions
(Gerhard & Andus, 1998)it has been shown previously that SLPs can induce the
production of prenflammatory cytokines in immune cells such as BMDCs, monocytes
and macrophag@usiello et al., 2006; Bianco et al., 2011; Collins et al., 2014; Drudy
et al., 2004; Madan & Petri Jr, 2012; Ryan et al., 2011; Vohra & Poxton, aa@i2)ur
data agrees with what was been reported. However, our findings show differetiees in
potency of the immune response between ribotypes, with regard to the inductien of IL
1b,-12H70 and IE10 in BMDCs which has not yet been reported in the literature.
The ability of SLPs from certain ribotypes to induce -amflammatory responses @n
others to induce more potent grdlammatory responses may account for the
variability of symptoms and severity of disease experienced by patients who c@ntract
difficile.

We have previously showm our laboratorythat SLPs from ribotype 001 activate
TLR4 (Ryan et al., 2011)TLR4 initiatesdownstream signalling which in turn activates
NF-e B and | RF 3deperidant aMinde@eBdent pathway@kira & Takeda,

2004) IRF3 induce type | IFNs which have an important role in bridging innate and
adaptive immunity by mediating the induction ofstomulatory molecules on antigen
presenting cells in response to pathogen associated mol@dokdse & Beutler, 2004)
Given the similarity of the response of SLPs from ribotype 001 with LPS and the
induction of DC maturation, it was not surprising to us that the response activated TLR4
signalling with downstream actittan of p38 and NFe B s i g (Callind et al.g
2014; Ryan et al., 2011What was surprising waSLPs from ribotype 001 did not

induce IRF3 signallingwhich may have direct consequences for the immune response
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elicited upon infection and subsequent cleargiitygan et al., 2011)The aim of the

next part of this study was to investigate if there were differences between SLPs from
the diffelent ribotypes in signalling downstream of TLR¥halysis revealed that SLPs
from ribotype 027 activate both NdB a nd | RF Badiag tgthearddliction g

of IL-8 and RANTESytokines SLPs from the other ribotypes examined activated NF

9 Band IL-8 productiononly. Therefore there are key signalyj differences between
SLPs from ribotype 027A&vhich is known tdoe hypervirulent and other ribotypes Gf
difficile such as 001For the first time we show evidence ti&tPs fromC. difficile can

activate differing signalling pathways downstream of TLR4

Both MyD88-dependent and independent mechanisms are required for the development
of full host response to bacterial challenge and LPS can activate both signalling
pathway (Carrigan et al., 2010)et clearance of ribotype 02ppears more difficult

given the clinical symptoms of CDI, even though both arms of the TLR4 pathway are
activated. MiRNAs are short double stranded RNA molecules approximateig318t

in length that pair to protein coding gen&s. date 28,645 miRNA hainp precursors
corresponding to 35,828 mature miRNAs in 223 species have been determined, 2588
mature miRNAs are currently annotated in the human gerigoialio & Mano, 2a5).

It has been estimated that up to 30% of all human genes are edgijamiRNAS in

many cell typegBartel, 2009; Fabian et al., 2010; Yates et al., 20U8RNAs block

MRNA translation, reduce mRNA stéity or induce mRNA cleavage after imperfect
binding to the mi RNA r ecogrJTRdftarget eRNA me n t
genes(Bartel, 2004) MiRNAs have been shown to be involved in innate immunity by
regulating TLR signalling and ensuing cytokine respsrisge targeting a variety of
signalling proteins, regulatory molecules and transcription fadiioedal & Kwon,

2010; He et al., 2014; Sonkoly et al., 2008til now, nobody hagxamined miRNAs
regulatedin response to SLP&iven the role of miRNAs in the regulation of TLR4
signalling and duringnfection, our hypothesis stateabat SLPs regulateniRNAs and

that profiles may differ between ribotypes. These miRNAs may modulate TLR4
signalling ultimately leading to changes in the immune respon€e thifficile, which

may explain the differences itirdical symptoms between different ribotypes.
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We developed a protocol to examine miRNAs using gPCR aamdinitial profiling
study examinedmiRNAs regulatedn response ta.PS andSLPs from ribotype 001.
Our gPCR data analysis revealed 248 miRNAs werectigteout of the 756 miRNAs
analysedMiR-155, miR9, the let7 family, miR145, miR146a and miRL87 have all
been sbwn to be induced by LPS and shown nmwdulate the immune response
including keymolecules involved iMLR4 in vitro (Curtale et al., 2013; Rossato et al.,
2012; Tili et al., 2007)These miRNAs were present in our initial profiling study thus
validating our methodWe identified novel mMiRNAsmiR-543, miR302 and mif374a
which wee up regulated while mi#886 were down regulated in response to LPS.
These miRNAs havaever befordoeenshown to be involved in TLR4 sighiag upon
activation with LPSn vitro. We also identified novel miRNA$niR-339-5p, miR148b,
mMiR5905p, MiR24, miR550a, miR1292, miR432#, mR-215 and miR152which
were up regulateth response to SLPs from ribotype O@n the other hand miR&22a,
miR-874 and miR1293 were down regulated in response to SLPs from ribotype 001
compared to the control cells1iR-148b was the only miRNA from thisst that was
linked with regulating TLRsignalling beforgHe et al., 2014t.iu et al., 2010)Some of
the other miRNAs were found in other models of disease and present in epithelial cells
in the gut Given the limitations of the initial profiling stugdywve combined the
experimental data with a list ofiRNAs generated from the literatyrior miRNAs
known to regulate key elements of TLR4 signaliag these miRNAs were present in
the initial studybutjust over the significance value set in the experimEm. aim of the
next part of this study was toxamine the miRNA profilesegulatedin response to
SLPs from ribotype 001 and O28ingcustom TLDA cards for the miRNAs of interest.

Analysis revealed that miRNAs were differentially regulatedesponsdo SLPs from
ribotype 001 compared to ribotype Ohere was a striking down regulationtbé 24
mMiRNAs regulatedin response to SLPs from ribotype 02@Fmpared to ribotype 001.
We close 4 miRNAs; lef’e, miR155, miR146a and miRL45 for further validation
based on the differences in expression oféh@sRNAs between ribotyjge001 and
027.These miRNAs have been shownrégulate a variety of signalling moleculdmst
modulate immune functioand have been shown to playigal role in infection.We
validated these miRNAs furthersing gPCR for individal miRNAs in a human and
murine cell line There were slight differences in the levels at which these miRNAs
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were expressed between cell lines. Howewee showed that there were distinct
mMiRNA profilesregulatedoy SLPs from ribotype 001 and 027, whidffeted between
ribotypes at this 8 hour time poifthere are potential limitations to the use of cell lines
such as Hek TLR4/MD2/CD14 and JAWS Il cellsiRWAs in vivo may be several
orders of magnitude different tham vitro conditions,thereforeit is essential that the
results are recapitulated in appropriate animal mo@esang & Weston, 2014)We
had access to a bank of RNA samples derived from colonic tissue ffondifficile
infection model. Mice were treated with a cocktail of antibiopc®r to inoculation
with 10° C. difficile spores from ribotyp 001 and 027The colon was harvested at two
time points during infection (Lynch 2014, unpublishéd)e aim of the next part of this
study was to validate miRNAs induced duregrly and late stagéDI from anin vivo

model ofC. difficile.

Analysis revaledthat miR146a and miRL45 were differentially regulated in colonic
tissue of mice irdcted with ribotype 001 and 027 during early and late stagDI.
These miRNAs were down regulated in colonic tissue of mice infected with ribotype
027 three daysgst infection. This data aligned with vitro results, however at day 7
these miRNAs were up regulatedliR-146a and miRL45 may be regulatedy the
SLPs fromC. difficile to module the host immune response during infection. Evidence
from the literature wygests that miR45 is strongly up regulated during colonic
inflammation andt has been recently showhat blocking miR145 leads to a strong
antrinflammatory respons@zar et al., 2012; Starczynowski et al., 2QIRggulation of
miR-145 has also lem associated with inflammation in @rative colitis allowing for
more persistent diseag@ekow et al., 2012)It was also shown that miR46a
expression negatively regulates severe inflammation during the innate immune response
and irhibition of MiIRNA-146a was found to increase-8.and RANTES releag@erry

et al., 2008)Our data shows that miR45 and miR146a were down regulated at day 3

of infection in response to ribotype 027is possible that ribotype 027 utilise miR5

to elicit a strong antinflammatory response and miRl6ato diminish the host immune
responseto facilitate survival of the pathogen this early stage of infectioleading to
more persistent and severe infection. In comparisoniRand miRL46a were up
regulated in the tissue of mice infected with ribot@0a at day 3 of infection, possibly

allowing the host to clear the infection more effectively leadinght healthy gut
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morphology seeprevioudy with this animal modelDamage to the colonic tissue was
evident in the gut morphology of tissue from min&ected with ribotype 027 at day 7

of infection (Lynch 2014, unpublished). Tissue damage leads to increased inflammation
which may account for the increase in rlR5 and miRl46a at this late stage of
infection in our study. It was also noted that thex@s a decrease in miRi6a in
response to ribotype 027 at day 3 which may possibly lead to increasdiitd
RANTES production. This aligns witim vitro data,in which SLPs from ribotype 027
appeared to produce high levels of8Land RANTES. Thereforabotype 027 may
utilise miR-146a to modulate H8 and RANTES production thus affecting the adaptive

immune response and the polarisation of CD4ells.

On the other handniR-155 and lef7e were differentially regulated in colonic tissue
from mice infecéd with ribotype 001 and 02@nly during early stage CDIBoth
mMiRNAs were up regulated in colonic tissue of mice infected with rilmog@l three

days post infection. Ais was significantly different to the levels induced by mice
infected with ribotype 02 These miRNA levels in mice infected with ribotype 001 and
027 appeared to return to levels comparable to levels seen in the control mice seven
days post infection. The infection data does not align withitro data in thatwe do

not see a down reguian of these miRNAs, therefore expression may not be linked to
the SLPs alone. Howevewe did see differential regulation of miEe5 and leffe
between both ribotypes suggesting they may have other important roles in regulating the
host immune response €. difficile. Evidence from the literature suggests tmiNA
encoding TLR4 are regulated by members of th& letiRNA family (Androulidaki et

al., 2009) It is possiblethatlet-7e induced in response to ribotype 001atyestage of
infection modulate TLR4, leading to enhanced bacterial clearance. This may account
for the less potent immune response seevitro and also inclinical outcomes during

CDI.

Evidence fronthe literature shows that miES5 functiors as a novel negative regulator
that helps to fine tune the inflammatory responsédopylori infection (Xiao et al.,
2009) Another study shwed that 11-10 inhibits the expression of miE55 in response
to LPS leading to an increase in tle&pression of SHIP1 and SOC%bhown negative
regulators of TLR signallingAndroulidaki et al., 2009; McCoy et al., 201®esearch
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from our laboratory previously found that thisin vivo mocel IL-10 was increased in
mice infected with ribotype 027 at day 3 of infection in thizivo model (Lynch 2014,
unpublished). It is also possible that FiB5 is inhibited by the release of-1l0 in
response to ribotype 02°Evidence from the literaturgehows that IE10 increases
SHIP1, which acts to switcloff the preinflammatory respons@vicCoy et al., 2010)In
contrast IL-10 was not produced in response to ribotype 001 at day 3 of infection
possibly allowing the increase in miEb5 expression at this poimarly stage of
infection. This data also aligns witim vitro experiments. Thefore there may be a link
between the induction of HLO and miR155 expression in responseQodifficile. This
novel finding has yetat be reported in the literature aridalso warrants further
investigation The absence of miRNAs induced in respoiseibotype 027 in our
experiment may correlate to less efficientclearange t he host 6 sand mmu n

morepersistentnfection

MiRNAs induced in response tG. difficile from ribotype 001 and 027may work
together in complex network€vidence fom the literature suggests thaiRNAs
regul ate many different target s, i ndi vi
multiple miRNAs, allowing for elaborate and complicated networks in which
redundancy and cooperation between miRNAs determine thet effi gene expression
(Bartel, 2009; MartineSanchez & Murphy, 2013; Obermayer & Levine, 20M/e

were unable to link thdour individual miRNAs to NFe B and ignaRnig 81 s
response to SLPs frof. difficile. Over expressing miR46a, miR145, miR155 and

let-7e did not decrease IRF3 signalling ioduce the production oRANTES in
response to SLPs from ribotype 001 and 027. We confirmed howbatmiR146a,
miR-145, miR155 and lef7e targeted IRF3 gene expression and RANTES production
specifically in response to TLR4 activation with LP®8/hilst NF-a B a n& I L
productionwas not affected when the miRNAs were oggpressed in response to LPS
andSLPs from ribotype 001 and 027

LPS and SLPs from ribotype 027 activate the same TLR4 receptor and lead to
downstream activation of N8 B and | IRd: et tharegare alistinct differences
in the miRNAs induced and how they target essential signalling molecules in regard to

IRF3 signalling. This has not yet been reported in the literatar¢he best of our
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knowledge. These proteins seemingly adévine same signalling pathways however
our study highlights tit miRNAs may regulate thiturther. It is also possible that
mMiRNAs that target IRF3 signallingn response to SLPs from ribotype 001 and 027
require the cooperation of other miRNAs to effesly targetlRF3 in this signalling
pathway.

We found that the 24 miRNAs of intereas a groupverepredicted tdarget350genes
involved in essential cell processes includiif;M, MAPK dgnalling, PI3BKAKT
signalling, TGFb signalling and focal adis®n MIRNAs induced in response to
ribotype 00land 027 potentially alter cell fate. Evidence from the literature has shown
that altering cell fate may be vital in the fine tuning of the immune response against
infection (Kim & Choi, 2010;Liu et al., 2009) It is possible that down regulation of
mMiRNAs, induced by ribotype 027 preserve the expression of ECM genes allowing the
bacteria to adhere to epithelial cells. In confrasiRNAs induced in response to

ri botype 001 may bind to the 306UTR of
expressionthus leading to reduced bacterial adherefite impact of the modulation

of the immune response by the miRNAs may lead to biologically relerartges at

the cell level in a variety of processes such as the regulation of cell growth,
differentiation, matrix production, apoptosis, proliferation, cytoskeletal dynamics, cell
surface adhesion and collagens which form structural elements. More waddied to
validate these results experimentally, however we identified genes that could be used in

future work.

Furthermore evidence from the literature suggests that +H82 and miR148b
cooperatively target genes to impdine innate immune response and antigen
presentidon, whichwas validated experimental(fiu et al., 2010) MiR-152 and miR

148b are two of thaniRNAs out of our list of 24 miRNAs of interesfThey are
predicted to be located togethertihhe 3 6 UTR regi ons of pred:i
pathways during oubioinformaticssearch Differing combinations of the 24 miRNAs

of i nterest were found in distinct groucg
which may account for our inabilityotlink the miRNAs individually to N B and
IRF3 in our experimentWe have identified 24 miRNAs of interest that are found in

di stinctive groups in the 36UTR region o
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fully elucidate the complexities afi¢se MRNAS in relation to theetworks they induce
in response t€. difficile.

Antibiotics are the classical way of dealing with fully symptomatic CDI, there are an
increasing number of strains showing antibiotic resistant and a limited number of drugs
that cam be used to treat CDThere is much evidence to suggest t@atifficile is
evolving to occupy niche hospital populations and there has been wapldwide
spread of ribotypes 027 and O{Bawson et al., 2009Ribotypes 027 and 078 are
known to betdéhyamar vhi awe eb enmne seaesesdmrchbea,t e d
higher mortality and more recurrencéSlements et al., 2010; Dawson et al., 2009;
Goorhuis et al., 2007; Loo et al., 2009he impact ofCDI in healthcaresettings
throughout the deveped world is considerable in terms of mortality, maitlgjdand
disease managemei@artman et al., 2010The profile of patients presengrwith CDI
hasalso changed ithe last decadeCDI affects populations preously considered at
low risk, including patients without previous exposure to antibiotics, young individual
andpregnantwvomen(Le Monnier, Zahar, & Barbut, 2014pral Metronidazoles often
theantibioticof choice in cases of mitb-moderate CDI, and oral Vancomycin igesf

the choice for avere infections(Burke & Lamont, 2014) Unfortunately, the
effediveness of these antibiotic treatments is limited by a ldckegponse in some
patients andhigh recurrence ratesA third antimicrobial agentFidaxomicin was
recently approved for the treatment of QMullane, 2014) A new drug CRS3123s
currently in early stage clinical triater the treatment of CDlInitial results show it is a
narrow spectrum agenesulting in a high concentration of drug in th@l tract.
CRS3123 was deomstrated to have poteint vitro anti-bacterial activity against allC.
difficile strains tested, including the hyperviruleittotype 027(Goldberg et al., 2015)
The continued prevalence of antibiet&sistant strains, along with the emergence of
new hypervirulentstrains, reveals the need for nelernativeforms of treatment

against CDI.

There are somemergingtherapiedo treat CDIcurrently in developmentMonoclonal
antibodies that have selectivity for toxins A and B are being developed. Monoclonal
antibodieswere reported to be superior in reducing rates of recurrent CDI in humans

than current treatmesiin a Phase 1l randoneid, doubleblind, placebe controlled trial
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(Lowy, Molrine, & Ambrosino, 2010)Although the results reduced rates@dccurring

CDI this sortof therapy has its limitations in the delivery of therapy, effectiveness of
the response in already very sick patients and the higls associated with the
production of monoclonal antibodieBhere are several phase Il clini¢ahls and one
phase lliclinical trial in the United &tes that are testing vaccines agafstifficile
using monolonal antibodies against toxir{&oldberg et al., 2015More recently the
use of microbe based treatment suclrasal MicrobiotaTransplantation (FMTjrom
healthy donors has been develoged treatment of CDI(lhunnah et al., 2013)The
goals of this procedure are to restore the normal balance of the intestinal flora and to
provide natural competition fo€. difficile, thereby decreasing its overgrowth. FMT
treatment has been succesgfureducingreoccurringCDI howeverthere is insufficient
experience to guarantee that there are no-teng adverse effects or risks involved

this treatmentincluding the transmission of other life threatening bact@@vman,
Broussard, & Surawicz, 2015; Goldbetgé, 2015)

In recent time miRNAs are thought to beriable targets for thapeuics given that
mature miRNA sequences are short afttn completely conserved across multiple
vertebrate speciemaking miRNAs easy targets for therapeufiasn Rooij, 2011yan
Rooij & Kauppinen, 2014) MiRNAs typically have many targets within cellular
networks, whth, in turn, enable modulation of ést pathways in a disease state.
MiRNAs may be utilised to restorihe function of a miRNA using either synthetic
doublestranded miRNAs or viral vectdrasedover expressionTwo strategies have
been used to deliver RNA replacement therapi@s vivo usingformulated, synthetic,
doublestranded miRNA mimics, and viral constructs eegpressing the lost or down
regulated miRNA(van Rooij & Kauppinen, 2014)intravenously and intratumorally
injected MiRNA mimics complexed with liposome nanoparticlf2ramanik et al.,
2011) polyethyleneiminglbrahim et al., 20119r atelocollager{Takeshitaet al., 2010)
have been used to restore the functions of vartaosoursuppressive miRNAs in
mouse cancer models. Notably, the first liposdorenulated mimic is currmly being
tested in a Phase | clinicalial in patients with primary liver cancévan Rooij &
Kauppinen, 2014)Other strategies have been uétisto enhanceelivery of antimiR
oligonucleotidesand have become a well validated experimental toolifowvivo
inhibition of MiIRNAs(Kritzfeldt et al., 2005)
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This work is in its infancyhowever given the results of our stuthys data could be
used to develop @wable new method to treat COt maybe possible tdargetmiRNAs
which are down regulated during infection wbrsistentibotypes such as 027 with
MiRNA mimicsto allow bacteriaklearance Another option is to target miRNAs that
are up regulatedusing antimiR oligonucleotide¢o inhibit miRNAs modulaing
important antinflammatory cytokines in legsersistentibotypes such as ribotype 001.
Another option is to target theCM, MAPK dgnalling, PI3K-Akt signalling, TGFb
signalling and focal adhesiomhich altercell fate and adhesion of the bacteria in the

gut.

In conclusionour study showed thathere are differences in the potency of the immune
response between ribotypdere werekey signalling differences begeen SLPs from
ribotype 027which is known tdehypervirulent and other ribotypes Gf difficile such

as 001 For the first time we show evidence tiitPs fromC. difficile can activate
differing signalling pathways downstream of TLRWntil now nobody examinel
mMiRNA profiles regulatedin response to SLPgom C. difficile. We identified novel
mMiRNAs induced in response to LPS, SLPs from ribotype 001 and ribotype ORD.

These miRNAs werdlifferentially regulated between ribotypetiete was a glmal

down regulation of miRNAs in response to SLPs from ribotype 027 compared with
ribotype 001.LPS and SLPs from ribotype 027 activate the same TLR4 receptor and
lead to downstream activation of NFBE and | RF3 signalling.
differences in the miRNAgegulatedand how they target essential signalling molecules

in regard to IRF3 signallin@ur data suggestsrole formiR-146a, miR145, miR155

and let7ein regulating the host immune responseCtodifficile infection from anin

vivo animal model.The absence of miRNAs induced in response to ribotype 027 may
correlate to |l ess efficient clearance by
infection. ThemiRNAs regulatedn response t&. difficile from ribotype 001 and 027

are prélicted to targeessential cell processes ame@ impact of the modulation of the
immune response by the miRNAs may lead to biologically relevant changes at the cell
level in a variety of processagore work is needed to fully elucidate the complexities

of these miRNAs in relation to theetworks theyregulatein response tcC. difficile.

The effectveness of current treatmentdimited by a lack of response in some patients

and the high recurrence rat€urrent and emergintherapiesto treat CDI curretly
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focus on the neutralisation afxins, the development of vaccines and FMT. MiRNAs
are emerging as viable targets for therapeutics and the data generated in this study may
be used to develop a miRNA bagkdrapyfor the treatment gbersistenCDI, allowing

bacterialclearancdby t he h o st 0 sithoutnthe needefor anyibsotice. m w
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Appendix A- Buffers and Solutions

5X Loading Buffer

Bromaphenol Blue 0.05%(w/v)
DTT 0.25M
SDS 2%
Glycerol 10%
TrizmaBase 125 mM

The solution was dissolved in @@ to the required volume&50 pll M DTT was added
per1l mL 5X loadingbuffer just before use. 3pwas added to 12 pl of each samfue
SDS PAGEanalysis.

Sepaating Gel (12% (w/v))

Acrylamide/ Bsacrylamide (30% stock) 12.5%

Tris HCL pH 68 1.5M
SDS 1%
Ammonium persulphate 0.5% (w/v)
TEMED 0.1% (V/v)

The solution was dissolved in g8l to the required volumeéAmmonium persulphate
and TEMED were added lagthe gel was covered with Isopropanol to exclude air and
aid polymerisation.

Stacking Gel (5% (w/v))

Acrylamide/ Bsacrylamide (30% stock) 5%

Tris HCL pH 8.8 05M
SDS 1%
Ammonium persulphate 0.5% (w/v)
TEMED 0.1% (V/v)

The solution was dissolved irHdO to the required volume. Ammonium persulphate
and TEMED were added last.
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Electrode Running Buffer

Trizma Base 25 mM
Glycine 200 nM
SDS 17 mM

The solution was dissolved in Bl to the required volume.

Coomassie Stain

Brilliant Blue 0.2%
Methanol 45%
Acetic Acid 10%

The solution was dissolved in g@ to the required volume.

Destain solution

Methanol 25%
Acetic Acid 10%

The solution was dissolved in Bl to the required volume.

Complete RPMI Culture M edia

Heatinactivated FBS 10%
Penicillin/Strepomycin/L-glutamine 100 pg/mL/ 100 pg/mL/ 2 nM

Complete DMEM Culture M edia

Heatinactivated FBS 10%
Penicillin/Streptomycin/kglutamine 100 pg/mL/ 100 pg/mL/ 2 nM

10 pg/mL Blasticidin was added to maintain the hTLR4a &fa pg/mL HygroGold
were added tomaintain the fasmid coding for MD2 and CD214uring Hek
TLR4/MD2/CD14 cell culture.
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Co mp | evMEM Culture M edia

Non-heat inactivated FBS 10%
Penicillin/Streptomycin/kglutamine 100 pg/mL/ 100 pg/mL/ 2 nM
Gentamycin 50 pg/mL

rGMCSF 5 ng/mL

DuoSet ELISA Kits

hiL-8 DY208
hRANTES DY278
IL-12p28 DY1834
MCP-1 DY479
miL-10 DY417
miL-12p40 DY404
miL-12p70 DY419
miL-1 b DY401
miL-23 DY1887
miL-6 DY406
MIP-2 DY452
mMRANTES DYA478
mTNF U DY410

10X Phosphate Buffered Sline (PBS)

NapHPO1.2H,0 8 mM

KH2POy 1.5mM
NaCL 137 nM
KCL 2.7 nM

The solution was dissolved in g8 to the requiredolume and the pH was adjusted to
pH 7.4.

314



10X Tris buffered Saline (TBS)

NaCL 15M
Trizma Base 0.2 M

The solution was dissolved in g8 to the required volumand the pH was adjusted to
pH7.6.

FACS Buffer

FBS 2%
NaNs 0.05%
EDTA 0.5M

Thesolutionwas dissolved in PBS and filtered through a 0.2 uM filter before use.

MiRNA mimics

MC12601 mirVana miRNA mimic hsamiR-155
MC10722 mirVand miRNA mimic hsamiR-146a
MC12304 mirVand miRNA mimic hsalet-7e

MC11480 mirVana miRNA mimic hsamiR-145

4464058 mirVan& miRNA mimic Negative Control #1
4465062 mirVand miRNA mimic miR-1 Positive Control

1X Luciferase Lysis buffer

Luciferase cell culture lysis reagent 20%
Sigma water 80%

100ul 1X solution was added to each well to lyse the cells for luciferase assay analysis.

50X TAE Buffer

Trizma Base 40 mM
Glacial Acetic Acid 20 mM

315



EDTA 1mM

The solution was dissolved in @B to the required volume and the pH was adjusted to
pH 8.5.

Luciferase AssayMixture

Tricine 0.2M
MgSO,. 7H,0O 2.67 nM
EDTA 0.1 mM
DTT 33.3mM
ATP 530 pM
Acetyl Co Enzyme A 270 uM
D-Luciferin 30 mg
NaOH 2M
((MgCO3)sMg(OH),.5H20 50 mM

The solution was dissolved @H,O to the required volum&he NaOH andMagnesium
Carbonate Hydroxidpentahydratevere added last and kept in the dark thereafiee.
solution was aliquoted and kept in th20°C. The solution was thawetb room
temperature before use and 40 ul was added per well to measure luciferase activity.
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Appendix B- SLP Characterisation

A
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Figure B.1 The protein concentration of each of the SLPs was measured using the
BCA assay.A Bicinchoninic acid (BCA) assay was performed to determine protein
concentrations for each tfie SLPs used in this projecf) Standardcurve were the
standard concentration was plotted agaairstorbance at 562 nnGraph includes the
equation of the line and thé value B) Protein concentratioof each of the SLP&

png/mL. 20 pg/mL was used to stimulate cells for each experiment.
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LAL Assay
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Figure B.2. Endotoxin activity was not detected in samples of yified SLPs.
Endotoxin activity was measured jpurified SLFBsandLPSusng t he Toxi nSe
ChromogeniLAL Endotoxin Assay Kitcaording tomanuf act ur erd® s s p
Endotoxin activity was detected in LPS which was ussal positive controlTherefore

any immune response was due to the SLPs and not due to contamination from other

bacterial sources.
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Appendix C- Plasmid DNA Constructs

5x GAL4 binding site

2223 BarriH |
SW40 late
poly(A)

B Sgtiii rlac
1971 Xba | pFR'BGUI
7.6 kb
pUC ori”
é
(1040 Csp45 17 “hha | 1024 ] SV40 pA
SUC on P CMV

GAL4-BD

TK pA
pFA-IRF3

pcDNA3.1 (+/-)

5428/5427 bp

neo/kan-

Syrithetic paly(A) signal/
transcriptional pausa site NF-xB-RE
(for background reduction)

Minimal praormater

pGL4.32( luc2PMNF-«B-RE/Hygro]
Vector
(6049bp)

SVAD early
enhancerf
pramatar

SVa0 late
poly(A) signal

Synihetic Hyd

poly(A)

W\ITMA

BamHI 2228

Figure C.1 pRL-TK, pFR, pcDNA3.1, pFAIRF3 and NF-a Bconstruct maps.
Expression vectors usead the generation gblasmid DNA for transient transfectian
Chemical |l y c ompgdatransiormedwitls N B, -IRF3BApFR and
phRL-TK renilla ligated DNAwere a gift fromProf. Paul MoynaghThe Institute of

Immunology, National University of Ireland Maynooth, Maynooth, Co. Kildare.
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Appendix D- RNA Quality Assurance

S0obpw el BEGE AR L w5000n

4000 bp = - . 4000 bp

3000 bp 3000 bp

2000 bp 2000 bp

18S -
1500 bp 1500 bp

Ladder Control LPS RT 001 RT 027 Ladder

Figure D.1 RNA Isolation product analysis by gel ElectrophoresisAfter each RNA
isolation,1ug RNA from each sampleasmixed with RNA loading buffer and loaded
on 1% agarose gel along witheneRulerl kb plus ladder The gel was run for 45
minutes at 150 volts and visualised using thé&d® imaging system. The 28S:18S
ribosomal RNA (rRNA) bands were assessed for iitiegr
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Appendix E- Tagman Assays

Figure E.1 Map of miRNA assays on TLDAPool A v2 cards. Locationof the 384
mMiRNA assays o LDA pool A v2cards Each card wapre loadedwith 0.5 pl 20X
Tagman microRNA Assay
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Table E.1 miRNA target sequence and assayosition on pool A TLDA cards.

Location, assay ID, assay name and target sequeheach of the20X Tagman

microRNA assay on the pool A v2 TLDA cardased in this study

Well Assay Assay Name Target Sequencs 6 Y 30

location ID

Al 000377 hsalet-7a UGAGGUAGUAGGUUGUAUAGUU

A2 000379  hsalet-7c UGAGGUAGUAGGUUGUAUGGUU

A3 002283  hsalet-7d AGAGGUAGUAGGUUGCAUAGUU

A4 002406 hsalet-7e UGAGGUAGGAGGUUGUAUAGUU

A5 000382 hsalet-7f UGAGGUAGUAGAUUGUAUAGUU

A6 002282 hsalet-7g UGAGGUAGUAGUUUGUACAGUU

A7 002222 hsamiR-1 UGGAAUGUAAAGAAGUAUGUAU

A8 000583 hsamiR-9 UCUUUGGUUAUCUAGCUGUAUGA

A9 000387 hsamiR-10a UACCCUGUAGAUCCGAAUUUGUG

A10 002218 hsamiR-10b UACCCUGUAGAACCGAAUUUGUG

All 001973 U6 snRNA GTGCTCGCTTCGGCAGCACATATAC
TAAAATTGGAACGATACAGAGAAGA
TTAGCATGGCCCCTGCGCAAGGATG
ACACGCAAATTCGTGAAGCGTTCCA
TATTTT

Al2 001973 U6 snRNA GTGCTCGCTTCGGCAGCACATATAC
TAAAATTGGAACGATACAGAGAAGA
TTAGCATGGCCCCTGCGCAAGGATG
ACACGCAAATTCGTGAAGCGTTCCA
TATTTT

Al13 000389 hsamiR-15a UAGCAGCACAUAAUGGUUUGUG

Al4d 000390 hsamiR-15b UAGCAGCACAUCAUGGUUUACA

Al15 000391 hsamiR-16 UAGCAGCACGUAAAUAUUGGCG

Al6 002308 hsamiR-17 CAAAGUGCUUACAGUGCAGGUAG

Al7 002422 hsamiR-18a UAAGGUGCAUCUAGUGCAGAUAG

A18 002217 hsamiR-18b UAAGGUGCAUCUAGUGCAGUUAG

A19 000395 hsamiR-19a UGUGCAAAUCUAUGCAAAACUGA

A20 000396 hsamiR-19b UGUGCAAAUCCAUGCAAAACUGA

A21 000580 hsamiR-20a UAAAGUGCUUAUAGUGCAGGUAG

A22 001014 hsamiR-20b CAAAGUGCUCAUAGUGCAGGUAG

A23 000397 hsamiR-21 UAGCUUAUCAGACUGAUGUUGA

A24 000398 hsamiR-22 AAGCUGCCAGUUGAAGAACUGU

Bl 000399 hsamiR-23a AUCACAUUGCCAGGGAUUUCC

B2 000400 hsamiR-23b AUCACAUUGCCAGGGAUUACC

B3 000402 hsamiR-24 UGGCUCAGUUCAGCAGGAACAG

B4 000403 hsamiR-25 CAUUGCACUUGUCUCGGUCUGA

B5 000405 hsamiR-26a UUCAAGUAAUCCAGGAUAGGCU

B6 000407 hsamiR-26b UUCAAGUAAUUCAGGAUAGGU

B7 000408 hsamiR-27a UUCACAGUGGCUAAGUUCCGC

B8 000409 hsamiR-27b UUCACAGUGGCUAAGUUCUGC

B9 002446  hsamiR-28-3p CACUAGAUUGUGAGCUCCUGGA

B10 000411 hsamiR-28 AAGGAGCUCACAGUCUAUUGAG

B11 001973 U6 snRNA GTGCTCGCTTCGGCAGCACATATAC

TAAAA TTGGAACGATACAGAGAAGA
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B12

B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24
C1
Cc2
C3
C4
C5
C6
C7
C8
C9
C10
Cl

C12
C13
Ci4
C15
Cl6
C17
C18
C19
C20
Cc21
C22
C23
C24
D1
D2
D3
D4
D5
D6

001973

002112
000413
000587
000602
000419
002279
002109
002085
000426
000428
000431
001090
000433
000186
000577
000435
000436
000437
002253
000439
002167
002169
001094

000442
000443
002245
001182
002199
002198
000449
002228
000452
002229
002216
001184
000590
000454
000456
000457
002246
002247
001186

U6 snRNA

hsamiR-29a
hsamiR-29b
hsamiR-29c
hsamiR-30b
hsamiR-30c
hsamiR-31
hsamiR-32
hsamiR-33b
hsamiR-34a
hsamiR-34c
hsamiR-92a
mmumiR-93
hsamiR-95
mmumiR-96
hsamiR-98
hsamiR-99a
hsamiR-99b
hsamiR-100
hsamiR-101
hsamiR-103
hsamiR-105
hsamiR-106a
RNU44

hsamiR-106b
hsamiR-107
hsamiR-122

mmumiR-124a
hsamiR-125a3p
hsamiR-125a5p

hsamiR-125b
hsamiR-126
hsamiR-127

hsamiR-127-5p

hsamiR-128a

mmu-miR-129-3p

hsamiR-129

hsamiR-130a
hsamiR-130b
hsamiR-132

hsamiR-133a
hsamiR-133b
mmumiR-134

TTAGCATGGCCCCTGCGCAAGGATG
ACACGCAAATTCGTGAAGCGTTCCA
TATTTT
GTGCTCGCTTCGGCAGCACATATAC
TAAAATTGGAACGATACAGAGAAGA
TTAGCATGGCCCCTGCGCAAGGATG
ACACGCAAATTCGTGAAGCGTTCCA
TATTTT
UAGCACCAUCUGAAAUCGGUUA
UAGCACCAUUUGAAAUCAGUGUU
UAGCACCAUUUGAAAUCGGUUA
UGUAAACAUCCUACACUCAGCU
UGUAAACAUCCUACACUCUCAGC
AGGCAAGAUGCUGGCAUAGCU
UAUUGCACAUUACUAAGUUGCA
GUGCAUUGCUGUUGCAUUGC
UGGCAGUGUCUUAGCUGGUUGU
AGGCAGUGUAGUUAGCUGAUUGC
UAUUGCACUUGUCCCGGCCUGU
CAAAGUGCUGUUCGUGCAGGUAG
UUCAACGGGUAUUUAUUGAGCA
UUUGGCACUAGCACAUUUUUGCU
UGAGGUAGUAAGUUGUAUUGUU
AACCCGUAGAUCCGAUCUUGUG
CACCCGUAGAACCGACcCUUGCG
AACCCGUAGAUCCGAACUUGUG
UACAGUACUGUGAUAACUGAA
AGCAGCAUUGUACAGGGCUAUGA
UCAAAUGCUCAGACUCCUGUGGU
AAAAGUGCUUACAGUGCAGGUAG
CCUGGAUGAUGAUAGCAAAUGCUG
ACUGAACAUGAAGGUCUUAAUUAG
CUCUAACUGACU
UAAAGUGCUGACAGUGCAGAU
AGCAGCAUUGUACAGGGCUAUCA
UGGAGUGUGACAAUGGUGUUUG
UAAGGCACGCGGUGAAUGCC
ACAGGUGAGGUUCUUGGGAGCC
UCCCUGAGACCCUUUAACCUGUGA
UCCCUGAGACCCUAACUUGUGA
UCGUACCGUGAGUAAUAAUGCG
UCGGAUCCGUCUGAGCUUGGCU
CUGAAGCUCAGAGGGCUCUGAU
UCACAGUGAACCGGUCUCuUuUU
AAGCCCUUACCCCAAAAAGCAU
CUUUUUGCGGUCUGGGCUUGC
CAGUGCAAUGUUAAAAGGGCAU
CAGUGCAAUGAUGAAAGGGCAU
UAACAGUCUACAGCCAUGGUCG
UUUGGUCCCCUUCAACCAGCUG
UUUGGUCCCCUUCAACCAGCUA
UGUGACUGGUUGACCAGAGGGG
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D7
D8
D9
D10
D11
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D24
El
E2
E3
E4
ES
E6
E7
E8
E9
E10
Ell

E12
E13
E14
E15
E16
E17
E18
E19
E20
E21
E22
E23
E24
F1
F2
F3
F4
F5
F6
F7
F8

000460
002261
000592
001129
002284
002313
002289
002234
001187
000463
000464
002248
002249
002278
000468
002361
001097
002262
000470
000471
002255
000473
000475
001191
000477
000480
000482
002334
001006

002269
000485
002271
002285
001193
002106
000489
002299
000491
002250
002281
002367
000493
000494
002215
00087

002273
000498
002304
000500
000502

hsamiR-135a
hsamiR-135b
hsamiR-136
mmumiR-137
hsamiR-138

hsamiR-139-3p
hsamiR-139-5p
hsamiR-140-3p

mmu-miR-140
hsamiR-141

hsamiR-142-3p
hsamiR-142-5p

hsamiR-143
hsamiR-145
hsamiR-146a

hsamiR-146b-3p

hsamiR-146b
hsamiR-147b
hsamiR-148a
hsamiR-148b
hsamiR-149
hsamiR-150
hsamiR-152
mmumiR-153
hsamiR-154
hsamiR-181a
hsamiR-181c
hsamiR-182
RNU48

hsamiR-183
hsamiR-184
hsamiR-185
hsamiR-186
mmumiR-187

hsamiR-188-3p

hsamiR-190
hsamiR-191
hsamiR-192

hsamiR-193a3p
hsamiR-193a5p

hsamiR-193b
hsamiR-194
hsamiR-195
hsamiR-196b
hsamiR-197
hsamiR-198
hsamiR-199a

hsamiR-199a3p

hsamiR-199b
hsamiR-200a

UAUGGCUUUUUAUUCCUAUGUGA
UAUGGCUUUUCAUUCCLAUGUGA
ACUCCAUUUGUUUUGAUGAUGGA
UUAUUGCUUAAGAAUACGCGUAG
AGCUGGUGUUGUGAAUCAGGCCG
GGAGACGCGGCCCUGUUGGAGU
UCUACAGUGCACGUGUCUCCAG
UACCACAGGGUAGAACCACGG
CAGUGGUUUUACCCUAUGGUAG
UAACACUGUCUGGUAAAGAUGG
UGUAGUGUUUCCUACUUUAUGGA
CAUAAAGUAGAAAGCACUACU
UGAGAUGAAGCACUGUAGCUC
GUCCAGUUUUCCCAGGAAUCCCU
UGAGAACUGAAUUCCAUGGGUU
UGCCCUGUGGACUCAGUUCUGG
UGAGAACUGAAUUCCAUAGGCU
GUGUGCGGAAUGCUUCUGCUA
UCAGUGCACUACAGAACUUUGU
UCAGUGCAUCACAGAACUUUGU
UCUGGCUCCGUGUCUUCACUCCC
UCUCCCAACCCUUGUACCAGUG
UCAGUGCAUGACAGAACUUGG
UUGCAUAGUCACAAAAGUGAUC
UAGGUUAUCCGUGUUGCCUUCG
AACAUUCAACGCUGUCGGUGAGU
AACAUUCAACCUGUCGGUGAGU
UUUGGCAAUGGUAGAACUCACACU
GAUGACCCCAGQJAACUCUGAGUG
UGUCGCUGAUGCCAUCACCGCAGC
GCUCUGACC
UAUGGCACUGGUAGAAUUCACU
UGGACGGAGAACUGAUAAGGGU
UGGAGAGAAAGGCAGUUCCUGA
CAAAGAAUUCUCCUUUUGGGCU
UCGUGUCUUGUGUUGCAGCCGG
CUCCCACAUGCAGGGUUUGCA
UGAUAUGUUUGAUAUAUUAGGU
CAACGGAAUCCCAAAAGCAGCUG
CUGACCUAUGAAUUGACAGCC
AACUGGCCUACAAAGUCCCAGU
UGGGUCUUUGCGGGCGAGAUGA
AACUGGCCCUCAAAGUCCCGCU
UGUAACAGCAACUCCAUGUGGA
UAGCAGCACAGAAAUAUUGGC
UAGGUAGUUUCCUGUUGUUGGG
UUCACCACCUUCUCCACCCAGC
GGUCCAGAGGGGAGAUAGGUUC
CCCAGUGUUCAGACUACCUGUUC
ACAGUAGUCUGCACAUUGGUUA
CCCAGUGUUUAGACUAUCUGUUC
UAACACUGUCUGGUAACGAUGU
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F9
F10
F11
F12
F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23
F24
Gl
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22
G23
G24
H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
H11
H12

002251
002300
002363
000507
000508
000509
002290
000512
002306
000518
002220
002326
002337
000521
000522
000524
002276
002295
002099
002101
000527
001015
000600
000528
002392
000529
000338
000531
000533
002277
002227
002161
000539
000542
000543
001101
000544
002230
000545
002233
000546
002156
002252
002184
002257
002258
002623
002619
002260
002147
002186
000554

hsamiR-200b
hsamiR-200c
hsamiR-202
hsamiR-203
hsamiR-204
hsamiR-205
hsamiR-208b
hsamiR-210
hsamiR-214
hsamiR-215
hsamiR-216a
hsamiR-216b
hsamiR-217
hsamiR-218
hsamiR-219
hsamiR-221
hsamiR-222
hsamiR-223
hsamiR-224
hsamiR-296-3p
hsamiR-296
hsamiR-299-3p
hsamiR-299-5p
hsamiR-301
hsamiR-301b
hsamiR-302a
athmiR159a
hsamiR-302b
hsamiR-302¢c
hsamiR-320
hsamiR-323-3p
hsamiR-324-3p
hsamiR-324-5p
hsamiR-326
hsamiR-328
hsamiR-329
hsamiR-330
hsamiR-330-5p
hsamiR-331
hsamiR-331-5p
hsamiR-335
hsamiR-337-5p
hsamiR-338-3p
hsamiR-339-3p
hsamiR-339-5p
hsamiR-340
hsamiR-155
hsalet-7b
hsamiR-342-3p
hsamiR-342-5p
hsamiR-345
hsamiR-361

UAAUACUGCCUGGUAAUGAUGA
UAAUACUGCCGGGUAAUGAUGGA
AGAGGUAUAGGGCAUGGGAA
GUGAAAUGUUUAGGACCACUAG
UUCCCUUUGUCAUCCUAUGCCU
UCCUUCAUUCCACCGGAGUCUG
AUAAGACGAACAAAAGGUUUGU
CUGUGCGUGUGACAGCGGCUGA
ACAGCAGGCACAGACAGGCAGU
AUGACCUAUGAAUUGACAGAC
UAAUCUCAGCUGGCAACUGUGA
AAAUCUCUGCAGGCAAAUGUGA
UACUGCAUCAGGAACUGAUUGGA
UUGUGCUUGAUCUAACCAUGU
UGAUUGUCCAAACGCAAUUCU
AGCUACAUUGUCUGCUGEGUUUC
AGCUACAUCUGGCUACUGGGU
UGUCAGUUUGUCAAAUACCCCA
CAAGUCACUAGUGGUUCCGUU
GAGGGUUGGGUGGAGGCUCUCC
AGGGCCCCCCCUCAAUCCUGU
UAUGUGGGAUGGUAAACCGCUU
UGGUUUACCGUCCCACAUACAU
CAGUGCAAUAGUAUUGUCAAAGC
CAGUGCAAUGAUAUUGUCAAAGC
UAAGUGCUUCCAUGUUUUGGUGA
UUUGGAUUGAAGGGAGCUCUA
UAAGUGCUUCCAUGUUUUAGUAG
UAAGUGCUUCCAUGUUUCAGUGG
AAAAGCUGGGUUGAGAGGGCGA
CACAUUACACGGUCGACcCuUcCU
ACUGCCCCAGGUGCUGCUGG
CGCAUCCCCUAGGGCAUUGGUGU
CCUCUGGGCCCUUCCUCCAG
CUGGCCCucCucuGCcccuuccacu
AACACACCUGGUUAACCUCUUU
GCAAAGCACACGGCCUGCAGAGA
UCUCUGGGCCUGUGUCUUAGGC
GCCCCUGGGCCUAUCCUAGAA
CUAGGUAUGGUCCCAGGGAUCC
UCAAGAGCAAUAACGAAAAAUGU
GAACGGCUUCAUACAGGAGUU
UCCAGCAUCAGUGAUUUUGUUG
UGAGCGCCUCGACGACAGAGCCG
UCCCUGUCCUCCAGGAGCUCACG
UUAUAAAGCAAUGAGACUGAUU
UUAAUGCUAAUCGUGAUAGGGGU
UGAGGUAGUAGGUUGUGUGGUU
UCUCACACAGAAAUCGCACCCGU
AGGGGUGCUAUCUGUGAUUGA
GCUGACUCCUAGUCCAGGGCUC
UUAUCAGAAUCUCCAGGGGUAC




H13
H14
H15
H16
H17
H18
H19
H20
H21
H22
H23
H24
11

12

I3

14

15

16

17

18

19
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
J1
J2
J3
J4
J5
J6
J7
J8
J9
J10
J11
J12
J13
J14
J15
J16

002117
001273
001271
001020
000555
000557
001021
002275
002124
000560
000561
000563
001319
000564
000565
001102
000566
001138
000569
000571
000572
000573
002331
001274
001610
002297
002340
000604
001556

001024
001979
001028
001030
001608
002303
002208
002207
001141
002329
002318
002323
002244
001280
002338
001821
001277
001036
002093
001278
001279
001285
002357

hsamiR-362-3p
hsamiR-362
hsamiR-363
hsamiR-365
hsamiR-367
hsamiR-369-3p
hsamiR-369-5p
hsamiR-370
hsamiR-371-3p
hsamiR-372
hsamiR-373
hsamiR-374
mmumiR-374-5p
hsamiR-375
hsamiR-376a
hsamiR-376b
hsamiR-377
mmumiR-379
hsamiR-380-3p
hsamiR-381
hsamiR-382
hsamiR-383
hsamiR-409-5p
hsamiR-410
hsamiR-411
hsamiR-422a
hsamiR-423-5p
hsamiR-424
hsamiR-425-5p
hsamiR-429
hsamiR-431
hsamiR-433
hsamiR-449
hsamiR-449b
hsamiR-450a
hsamiR-450b-3p
hsamiR-450b-5p
mmumiR-451
hsamiR-452
hsamiR-453
hsamiR-454
hsamiR-455-3p
hsamiR-455
hsamiR-483-5p
hsamiR-484
hsamiR-485-3p
hsamiR-485-5p
hsamiR-486-3p
hsamiR-486
hsamiR-487a
hsamiR-487b
hsamiR-488

AACACACCUAUUCAAGGAUUCA
AAUCCUUGGAACCUAGGUGUGAGU
AAUUGCACGGUAUCCAUCUGUA
UAAUGCCCCUAAAAAUCCUUAU
AAUUGCACUUUAGCAAUGGUGA
AAUAAUACAUGGUUGAUCUUU
AGAUCGACCGUGUUAUAUUCGC
GCCUGCUGGGGUGGAACCUGGU
AAGUGCCGCCAUCUUUUGAGUGU
AAAGUGCUGCGACAUUUGAGCGU
GAAGUGCUUCGAUUUUGGGGUGU
UUAUAAUACAACCUGAUAAGU G
AUAUAAUACAACCUGCUAAGUG
UUUGUUCGUUCGGCUCGCGUGA
AUCAUAGAGGAAAAUCCACGU
AUCAUAGAGGAAAAUCCAUGUU
AUCACACAAAGGCAACUUUUGU
UGGUAGACUAUGGAACGUAGG
UAUGUAAUAUGGUCCACAUCUU
UAUACAAGGGCAAGCUCUCUGU
GAAGUUGUUCGUGGUGGAUUCG
AGAUCAGAAGGUGAUUGUGGCU
AGGUUACCCGAGCAAQUUUGCAU
AAUAUAACACAGAUGGCCUGU
UAGUAGACCGUAUAGCGUACG
ACUGGACUUAGGGUCAGAAGGC
UGAGGGGCAGAGAGCGAGACUUU
CAGCAGCAAUUCAUGUUUUGAA
AAUGACACGAUCACUCCCGUUGA
UAAUACUGUCUGGUAAAACCGU
UGUCUUGCAGGCCGUCAUGCA
AUCAUGAUGGGCUCCUCGGUGU
UGGCAGUGUAUUGUUAGCUGGU
AGGCAGUGUAUUGUUAGCUGGC
UUUUGCGAUGUGUUCCUAAUAU
UUGGGAUCAUUUUGCAUCCAUA
UUUUGCAAUAUGUUCCUGAAUA
AAACCGUUACCAUUACUGAGUU
AACUGUUUGCAGAGGAAACUGA
AGGUUGUCCGUGGUGAGUUCGCA
UAGUGCAAUAUUGCUUAUAGGGU
GCAGUCCAUGGGCAUAUACAC
UAUGUGCCUUUGGACUACAUCG
AAGACGGGAGGAAAGAAGGGAG
UCAGGCUCAGUCCCCUCCCGAU
GUCAUACACGGCUcCuUcCcucucu
AGAGGCUGGCCGUGAUGAAUUC
CGGGGCAGCUCAGUACAGGAU
UCCUGUACUGAGCUGCCCCGAG
AAUCAUACAGGGACAUCCAGUU
AAUCGUACAGGGUCAUCCACUU
UUGAAAGGCUAUUUCUUGGUC
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J17
J18
J19
J20
J21
J22
J23
J24
K1
K2
K3
K4
K5
K6
K7
K8
K9
K10
K11
K12
K13
K14
K15
K16
K17
K18
K19
K20
K21
K22
K23
K24
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20

002358
001037
002360
001630
002364
002365
001663
001953
002427
001352
002428
002435
001047
002083
001109
001048
002084
002089
001051
001052
002092
002235
002241
001823
001145
002090
002369
001112
002416
001150
002402
001153
002397
002396
001156
002401
001159
002389
002395
002388
002415
002403
002370
001167
001168
002393
001121
001122
002413
002386
001982
002385

hsamiR-489
hsamiR-490
hsamiR-491-3p
mmumiR-491
hsamiR-493
hsamiR-494
mmumiR-495
mmumiR-496
hsamiR-499-3p
mmumiR-499
hsamiR-500
hsamiR-501-3p
hsamiR-501
hsamiR-502-3p
hsamiR-502
hsamiR-503
hsamiR-504
hsamiR-505
hsamiR-507
hsamiR-508
hsamiR-508-5p
hsamiR-509-5p
hsamiR-510
hsamiR-512-3p
hsamiR-512-5p
hsamiR-513-5p
hsamiR-515-3p
hsamiR-515-5p
hsamiR-516a5p
hsamiR-516b
hsamiR-517a
hsamiR-517¢c
hsamiR-518a3p
hsamiR-518a5p
hsamiR-518b
hsamiR-518¢c
hsamiR-518d
hsamiR-518d5p
hsamiR-518e
hsamiR-518f
hsamiR-519a
hsamiR-519d
hsamiR-519e
hsamiR-520a
hsamiR-520a#
hsamiR-520d:5p
hsamiR-520g
hsamiR-521
hsamiR-522
hsamiR-523
hsamiR-524-5p
hsamiR-525-3p

GUGACAUCACAUAUACGGCAGC
CAACCUGGAGGACUCCAUGCUG
CUUAUGCAAGAUUCCCUUCUAC
AGUGGGGAACCCUUCCAUGAGG
UGAAGGUCUACUGUGUGCCAGG
UGAAACAUACACGGGAAACCUC
AAACAAACAUGGUGCACUUCUU
UGAGUAUUACAUGGCCAAUCUC
AACAUCACAGCAAGUCUGUGCU
UUAAGACUUGCAGUGAUGUUU
UAAUCCUUGCUACCUGGGUGAGA
AAUGCACCCGGGCAAGGAUUCU
AAUCCUUUGUCCCUGGGUGAGA
AAUGCACCUGGGGAGGAUUCA
AUCCUUGCUAUCUGGGUGCUA
UAGCAGCGGGAACAGUUCUGCAG
AGACCCUGGUCUGCACUCUAUC
CGUCAACACUUGCUGGUUUCCU
UUUUGCACCUUUUGGAGUGAA
UGAUUGUAGCCUUUUGGAGUAGA
UACUCCAGAGGGCGUCACUCAUG
UACUGCAGACAGUGGCAAUCA
UACUCAGGAGAGUGGCAAUCAC
AAGUGCUGUCAUAGCUGAGGUC
CACUCAGCCUUGAGGGCACUUUC
UUCACAGGGAGGUGUCAU
GAGUGCCUUCUUUUGGAGCGUU
UUCUCCAAAAGAAAGCACUUUCUG
UUCUCGAGGAAAGAAGCACUUUC
AUCUGGAGGUAAGAAGCACUUU
AUCGUGCAUCCCUUUAGAGUGU
AUCGUGCAUCCUUUUAGAGUGU
GAAAGCGCUUCCCUUUGCUGGA
CUGCAAAGGGAAGCCCUUUC
CAAAGCGCUCCCCUUUAGAGW
CAAAGCGCUUCUCUUUAGAGUGU
CAAAGCGCUUCCCUUUGGAGC
CUCUAGAGGGAAGCACUUUCUG
AAAGCGCUUCCCUUCAGAGUG
GAAAGCGCUUCUCUUUAGAGG
AAAGUGCAUCCUUUUAGAGUGU
CAAAGUGCCUCCCUUUAGAGUG
AAGUGCCUCCUUUUAGAGUGUU
AAAGUGCUUCCCUUUGGACUGU
CUCCAGAGGGAAGUACuUUUCU
CUACAAAGGGAAGCCCuUUUC
ACAAAGUGCUUCCCUUUAGAGUGU
AACGCACUUCCCUUUAGAGUGU
AAAAUGGUUCCCUUUAGAGUGU
GAACGCGCUUCCCUAUAGAGGGU
CUACAAAGGGAAGCACUUUCUC
GAAGGCGCUUCCCUUUAGAGCG
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L21
L22
L23
L24
M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
M12
M13
M14
M15
M16
M17
M18
M19
M20
M21
M22
M23
M24
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23
N24

001174
002382
002355
001518
001286
002201
001284
002240
002265
002267
001538
002412
001541
002408
001590
002429
001605
002237
001535
002345
002344
001528
002347
002349
002351
002350
002398
002399
001983
002409
001984
001551
001988
001960
002353
002414
001593
002430
002431
001560
002433
002436
002088
001592
001604
002352
002292
002239
001611
001612
001515
002322

hsamiR-525
hsamiR-526b
hsamiR-532-3p
hsamiR-532
hsamiR-539
hsamiR-541
hsamiR-542-3p
hsamiR-542-5p
hsamiR-544
hsamiR-545
hsamiR-548a
hsamiR-548a5p
hsamiR-548b
hsamiR-548b-5p
hsamiR-548¢c
hsamiR-548c¢5p
hsamiR-548d
hsamiR-548d5p
hsamiR-551b
hsamiR-556-3p
hsamiR-556-5p
hsamiR-561
hsamiR-570
hsamiR-574-3p
hsamiR-576-3p
hsamiR-576-5p
hsamiR-579
hsamiR-582-3p
hsamiR-582-5p
hsamiR-589
hsamiR-590-5p
hsamiR-597
hsamiR-598
mmumiR-615
hsamiR-615-5p
hsamiR-616
hsamiR-618
hsamiR-624
hsamiR-625
hsamiR-627
hsamiR-628-5p
hsamiR-629
hsamiR-636
hsamiR-642
hsamiR-651
hsamiR-652
hsamiR-653
hsamiR-654-3p
hsamiR-654
hsamiR-655
hsamiR-660
hsamiR-671-3p

CUCCAGAGGGAUGCACuUuUCU
CUCUUGAGGGAAGCACuUUUCUGU
CCUCCCACACCCAAGGCUUGCA
CAUGCCUUGAGUGUAGGACCGU
GGAGAAAUUAUCCUUGGUGUGU
UGGUGGGCACAGAAUCUGGACU
UGUGACAGAUUGAUAACUGAAA
UCGGGGAUCAUCAUGUCACGAGA
AUUCUGCAUUUUUAGCAAGUUC
UCAGCAAACAUUUAUUGUGUGC
CAAAACUGGCAAUUACUUUUGC
AAAAGUAAUUGCGAGUUUUACC
CAAGAACCUCAGUUGCUUUUGU
AAAAGUAAUUGUGGUUUUGGCC
CAAAAAUCUCAAUUACUUUUGC
AAAAGUAAUUGCGGUUUUUGCC
CAAAAACCACAGUUUCUUUUGC
AAAAGUAAUUGUGGUUUUUGCC
GCGACCCAUACUUGGUUUCAG
AUAUUACCAUUAGCUCAUCUUU
GAUGAGCUCAUUGUAAUAUGAG
CAAAGUUUAAGAUCCUUGAAGU
CGAAAACAGCAAUUACCUUUGC
CACGCUCAUGCACACACCCACA
AAGAUGUGGAAAAAUUGGAAUC
AUUCUAAUUUCUCCACGUCUUU
UUCAUUUGGUAUAAACCGCGAUU
UAACUGGUUGAACAACUGAACC
UUACAGUUGUUCAACCAGUUACU
UGAGAACCACGUCUGCUCUGAG
GAGCUUAUUCAUAAAAGUGCAG
UGUGUCACUCGAUGACCACUGU
UACGUCAUCGUUGUCAUCGUCA
UCCGAGCCUGGGUcCUcCccucuu
GGGGGUCCCCGGUGCUCGGAUC
AGUCAUUGGAGGGUUUGAGCAG
AAACUCUACUUGUCCUUCUGAGU
CACAAGGUAUUGGUAUUACCU
AGGGGGAAAGUUCUAUAGUCC
GUGAGUCUCUAAGAAAAGAGGA
AUGCUGACAUAUUUACUAGAGG
UGGGUUUACGUUGGGAGAACU
UGUGCUUGCUCGUCCCGCCCGCA
GUCCCUCUCCAAAUGUGUCUUG
UUUAGGAUAAGCUUGACUUUUG
AAUGGCGCCACUAGGGUUGUG
GUGUUGAAACAAUCUCUACUG
UAUGUCUGCUGACCAUCACCUU
UGGUGGGCCGCAGAACAUGUGC
AUAAUACAUGGUUAACCUCUUU
UACCCAUUGCAUAUCGGAGUUG
UCCGGUUCUCAGGGCUCCACC
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o1
02
03
04
05
06
07
08
09
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24

002327
002021
002341
002324
001990
002354
002264
002356
002268
002204
002225
002205
002372
002296
002194
002193
002374
002212
002202
002209
002191
002210
002195
000469
000511
000514
000515
002095
002390
000523
002206
002211
002190
000540
000553
002122
000574
001023
001029
001039
001050
002155
001111
001152
001163
001116
001119
001120

hsamiR-672
hsamiR-674
hsamiR-708
hsamiR-744
hsamiR-758
hsamiR-871
hsamiR-872
hsamiR-873
hsamiR-874
hsamiR-875-3p
hsamiR-876-3p
hsamiR-876-5p
hsamiR-885-3p
hsamiR-885-5p
hsamiR-886-3p
hsamiR-886-5p
hsamiR-887
hsamiR-888
hsamiR-889
hsamiR-890
hsamiR-891a
hsamiR-891b
hsamiR-892a
hsamiR-147
hsamiR-208
hsamiR-211
hsamiR-212

hsamiR-219-1-3p
hsamiR-219-2-3p

hsamiR-220
hsamiR-220b
hsamiR-220c
hsamiR-298
hsamiR-325
hsamiR-346
hsamiR-376¢
hsamiR-384
hsamiR-412
hsamiR-448
hsamiR-492
hsamiR-506

hsamiR-509-3-5p

hsamiR-511

hsamiR-517b
hsamiR-519¢
hsamiR-520b
hsamiR-520e
hsamiR-520f

UGAGGUUGGUGUACUGUGUGUGA
GCACUGAGAUGGGAGUGGUGUA
AAGGAGCUUACAAUCUAGCUGGG
UGCGGGGCUAGGGCUAACAGCA
UUUGUGACCUGGUCCACUAACC
UAUUCAGAUUAGUGCCAGUCAUG
AAGGUUACUUGUUAGUUCAGG
GCAGGAACUUGUGAGUCUCCU
CUGCCCUGGCCCGAGGGACCGA
CCUGGAAACACUGAGGUUGUG
UGGUGGUUUACAAAGUAAUUCA
UGGAUUUCUUUGUGAAUCACCA
AGGCAGCGGGGUGUAGUGGAUA
UCCAUUACACUACCCUGCCUCU
CGCGGGUGCUUACUGACCCUU
CGGGUCGGAGUUAGCUCAAGCGG
GUGAACGGGCGCCAUCCCGAGG
UACUCAAAAAGCUGUCAGUCA
UUAAUAUCGGACAACCAUUGU
UACUUGGAAAGGCAUCAGUUG
UGCAACGAACCUGAGCCACUGA
UGCAACUUACCUGAGUCAUURA
CACUGUGUCCUUUCUGCGUAG
GUGUGUGGAAAUGCUUCUGC
AUAAGACGAGCAAAAAGCUUGU
UUCCCUUUGUCAUCCUUCGCCU
UAACAGUCUCCAGUCACGGCC
AGAGUUGAGUCUGGACGUCCCG
AGAAUUGUGGCUGGACAUCUGU
CCACACCGUAUCUGACACUUU
CCACCACCGUGUCUGACACUU
ACACAGGGCUGUUGUGAAGACU
AGCAGAAGCAGGGAGGUWCUCCCA
CCUAGUAGGUGUCCAGUAAGUGU
UGUCUGCCCGCAUGCCcuGCccucuU
AACAUAGAGGAAAUUCCACGU
AUUCCUAGAAAUUGUUCAUA
ACUUCACCUGGUCCACUAGCCGU
UUGCAUAUGUAGGAUGUCCCAU
AGGACCUGCGGGACAAGAUUCUU
UAAGGCACCCUUCUGAGUAGA
UACUGCAGACGUGGCAAUCAUG
GUGUCUUUUGCUCUGCAGUCA
UCGUGCAUCCCUUUAGAGUGUU
AAAGUGCAUCUUUUUAGAGGAU
AAAGUGCUUCCUUUUAGAGGG
AAAGUGCUUCCUUUUUGAGGG
AAGUGCUUCCUUUUAGAGGGUU
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Figure E.2 Map of miRNA assays on TLDA PoolB v3 cards. Location of the 384
MiRNA assays ofLDA pool B v3 cards. Each card was pre loaded with 0.30X
Tagman microRNA Assay
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Table E.2 miRNA target sequence and assay position on pool B TLDA cards.

Location, assay ID, assay name and targetiesscpof each of the20X Tagman

microRNA assay on the pool B/3 TLDA cardsused in this study

Well Assay Assay Name Target Sequence 56 Y

location ID

Al 000268 dmemiR-7 UGGAAGACUAGUGAUUUUGUUGU

A2 002909 hsamiR-548lI AAAAGUAAUUGCGGAUUUUGCC

A3 000416 hsamiR-30a3p CUUUCAGUCGGAUGUUUGCAGC

A4 000417 hsamiR-30a5p UGUAAACAUCCUCGACUGGAAG

A5 000420 hsamiR-30d UGUAAACAUCCCCGACUGRAG

A6 000422 hsamiR-30e3p CUUUCAGUCGGAUGUUUACAGC

A7 000427 hsamiR-34b UAGGCAGUGUCAUUAGCUGAUUG

A8 000451 hsamiR-126# CAUUAUUACUUUUGGUACGCG

A9 000478 hsamiR-154# AAUCAUACACGGUUGACCUAUU

A10 000483 hsamiR-182# UGGUUCUAGACUUGCCAACUA

All 001973 U6 fnIRNA GTGCTCGCTTCGGCAGCACATATACTAA
AATTGGAACGATACAGAGAAGATTAGC
ATGGCCCCTGCGCAAGGATGACACGCA
AATTCGTGAAGCGTTCCATATTTT

Al12 001973 U6 snRNA GTGCTCGCTTCGGCAGCACATATACTAA
AATTGGAACGATACAGAGAAGATTAGC
ATGGCCCCTGCGCAAGGATGACACGCA
AATTCGTGAAGCGTTCCATATTTT

Al13 000510 hsamiR-206 UGGAAUGUAAGGAAGUGUGUGG

Al4 000516 hsamiR-213 ACCAUCGACCGUUGAUUGUACC

Al15 000534 hsamiR-302c# UUUAACAUGGGGGUACCUGCUG

Al6 000535 hsamiR-302d UAAGUGCUUCCAUGUUUGAGUGU

Al7 000567 hsamiR-378 CUCCUGACUCCAGGUCCUGUGU

Al8 000570 hsamiR-3805p UGGUUGACCAUAGAACAUGCGC

Al19 002910 hsamiR-1257 AGUGAAUGAUGGGUUCUGACC

A20 001011 hsamiR-200a# CAUCUUACCGGACAGUGCUGGA

A21 001026 hsamiR-432 UCUUGGAGUAGGUCAUUGGGUGG

A22 001027 hsamiR-432# CUGGAUGGCUCCUCCAUGUCU

A23 001043 hsamiR-497 CAGCAGCACACUGUGGUUUGU

A24 001046  hsamiR-500 AUGCACCUGGGCAAGGAUUCUG

Bl 002927 hsamiR-1238 CUUCCUCGUcCuUGuUcCuUGCcccce

B2 001106 hsamiR-488 CCCAGAUAAUGGCACUCUCAA

B3 001113 hsamiR-517# CCUCUAGAUGGAAGCACUGUCU

B4 001149 hsamiR-5163p UGCUUCCUUUCAGAGGGU

B5 001158 hsamiR-518c# UCUCUGGAGGGAAGCACUUUCUG

B6 001166 hsamiR-519e# UUCUCCAAAAGGGAGCACUUUC

B7 001170 hsamiR-520h ACAAAGUGCUUCCCUUUAGAGU

B8 001173 hsamiR-524 GAAGGCGCUUCCCUUUGGAGU

B9 001178 mmulet-7d# CUAUACGACCUGCUGCcuuucuU

B10 001283 hsamiR-363# CGGGUGGAUCACGAUGCAAUUU

B11 001973 U6 snRNA GTGCTCGCTTCGGCAGCACATATACTA

AAATTGGAACGATACAGAGAAGATTAG
CATGGCCCCTGCGCAAGGATGACACGC
AAATTCGTGAAGCGTTCCATATTTT
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B12

B13
B14
B15
B16
B17
B18
B19
B20
B21
B22
B23
B24
C1
C2
C3
C4
C5
C6
Cc7
C8
C9
C10
Cl1

C12
C13
Cl4
C15
C16
C17
C18
C19
C20
C21
Cc22
C23
C24
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10

001973

001338
001510
001511
001512
001513
001514
001519
001520
001521
001522
001523
001525
001526
001527
001529
001530
001531
001533
001534
001536
001539
001540
001094

001542
001543
001544
001545
001546
001547
001550
001553
001554
001555
001556
001557
001558
001559
001562
001563
001564
001566
001567
001568
001569
001570
001571

U6 snRNA

rno-miR-7#
hsamiR-656
hsamiR-549
hsamiR-657
hsamiR-658
hsamiR-659
hsamiR-551a
hsamiR-552
hsamiR-553
hsamiR-554
hsamiR-555
hsamiR-557
hsamiR-558
hsamiR-559
hsamiR-562
hsamiR-563
hsamiR-564
hsamiR-566
hsamiR-567
hsamiR-569
hsamiR-586
hsamiR-587
RNU44

hsamiR-588
hsamiR-589
hsamiR-550
hsamiR-591
hsamiR-592
hsamiR-593
hsamiR-596
hsamiR-622
hsamiR-599
hsamiR-623
hsamiR-600
hsamiR-624
hsamiR-601
hsamiR-626
hsamiR-629
hsamiR-630
hsamiR-631
hsamiR-603
hsamiR-604
hsamiR-605
hsamiR-606
hsamiR-607
hsamiR-608

GTGCTCGCTTCGGCAGCACATATACTAA
AATTGGAACGATACAGAGAAGATTAGC
ATGGCCCCTGCGCAAGGATGACACGCA
AATTCGTGAAGCGTTCCATATTTT
CAACAAAUCACAGUCUGCCAUA
AAUAUUAUACAGUCAACCUCU
UGACAACUAUGGAUGAGCUCU
GGCAGGUUCUCACCCUCUCUAGG
GGCGGAGGGAAGUAGGUCCGUUGGU
CUUGGUUCAGGGAGGGUCCCCA
GCGACCCACUCUUGGUUUCCA
AACAGGUGACUGGUUAGACAA
AAAACGGUGAGAUUUUGUUUU
GCUAGUCCUGACUCAGCCAGU
AGGGUAAGCUGAACCUCUGAU
GUUUGCACGGGUGGGCCUUGUCU
UGAGCUGCUGUACCAAAAU
UAAAGUAAAUAUGCACCAAAA
AAAGUAGCUGUACCAUUUGC
AGGUUGACAUACGUUUCCC
AGGCACGGUGUCAGCAGGC
GGGCGCCUGUGAUCCCAAC
AGUAUGUUCUUCCAGGACAGAAC
AGUUAAUGAAUCCUGGAAAGU
UAUGCAUUGUAUUUUUAGGUCC
UUUCCAUAGGUGAUGAGUCAC
CCUGGAUGAUGAUAGCAAAUGCUGAC
UGAACAUGAAGGUCUUAAUUAGCUCU
AACUGACU
UUGGCCACAAUGGGUUAGAAC
UCAGAACAAAUGCCGGUUCCCAGA
UGUCUUACUCCCUCAGGCACAU
AGACCAUGGGUUCUCAUUGU
UUGUGUCAAUAUGCGAUGAUGU
AGGCACCAGCCAGGCAUUGCUCAGC
AAGCCUGCCCGGCUCCUCGGG
ACAGUCUGCUGAGGUUGGAGC
GUUGUGUCAGUUUAUCAAAC
AUCCCUUGCAGGGGCUGUUGGGU
ACUUACAGACAAGAGCCUUGCUC
UAGUACCAGUACCUUGUGUUCA
UGGUCUAGGAUUGUUGGAGGAG
AGCUGUCUGAAAAUGUCUU
GUUCUCCCAACGUAAGCCCAGC
AGUAUUCUGUACCAGGGAAGGU
AGACCUGGCCCAGACCUCAGC
CACACACUGCAAUUACUUUUGC
AGGCUGCGGAAUUCAGGAC
UAAAUCCCAUGGUGCCcuUucCuUcCCcuU
AAACUACUGAAAA UCAAAGAU
GUUCAAAUCCAGAUCUAUAAC
AGGGGUGGUGUUGGGACAGCUCCGU
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D11
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D24
El
E2
E3
E4
ES
E6
E7
ES8
E9
E10
Ell

E12
E13
El4
E15
E16
E1l7
E18
E19
E20
E21
E22
E23
E24
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12

001573
001574
001576
001578
001581
001582
001583
001584
001585
001586
001587
001589
001591
001594
001596
001597
001598
001599
001600
001601
001602
001603
001606
001607
001006

001613
001614
001615
001617
001619
001621
001622
001623
001624
001625
001818
001986
001987
001992
001993
001995
0019%

001998
002002
002003
002004
002005
002087
002094
002096

hsamiR-609
hsamiR-633
hsamiR-634
hsamiR-635
hsamiR-637
hsamiR-638
hsamiR-639
hsamiR-640
hsamiR-641
hsamiR-613
hsamiR-614
hsamiR-616
hsamiR-617
hsamiR-643
hsamiR-644
hsamiR-645
hsamiR-621
hsamiR-646
hsamiR-647
hsamiR-648
hsamiR-649
hsamiR-650
hsamiR-661
hsamiR-662
RNU48

hsamiR-571
hsamiR-572
hsamiR-573
hsamiR-575
hsamiR-578
hsamiR-580
hsamiR-581
hsamiR-583
hsamiR-584
hsamiR-585
rno-miR-29c#
hsamiR-766
hsamiR-595
hsamiR-668
hsamiR-767-5p
hsamiR-767-3p
hsamiR-454+#
hsamiR-769-5p
hsamiR-770-5p
hsamiR-769-3p
hsamiR-802
hsamiR-675
hsamiR-505#
hsamiR-218-1#
hsamiR-221#

AGGGUGUUUCUCUCAUCUCU
CUAAUAGUAUCUACCACAAUAAA
AACCAGCACCCCAACUUUGGAC
ACUUGGGCACUGAAACAAUGUCC
ACUGGGGGCUUUCGGGCUCUGCGU
AGGGAUCGCGGGCGGGUGGLCGGLCCU
AUCGCUGCGGUUGCGAGCGCUGU
AUGAUCCAGGAACCUGCCUCU
AAA GACAUAGGAUAGAGUCACCUC
AGGAAUGUUCCUUCUUUGCC
GAACGCCUGUUCUUGCCAGGUGG
ACUCAAAACCCUUCAGUGACUU
AGACUUCCCAUUUGAAGGUGGC
ACUUGUAUGCUAGCUCAGGUAG
AGUGUGGCUUUCUUAGAGC
UCUAGGCUGGUACUGCUGA
GGCUAGCAACAGCGCUUACCU
AAGCAGCUGCCUCUGAGGC
GUGGCUGCACUCACUuUcCcuucC
AAGUGUGCAGGGCACUGGU
AAACCUGUGUUGUUCAAGAGUC
AGGAGGCAGCGCUCUCAGGAC
UGCCUGGGUCUCUGGCCUGCGCGU
UCCCACGUUGUGGCCCAGCAG
GAUGACCCCAGGUAACUCUGAGUGUGU
CGCUGAUGCCAUCACCGCAEGCUCUG
ACC
UGAGUUGGCCAUCUGAGUGAG
GUCCGCUCGGCGGUGGCCCA
CUGAAGUGAUGUGUAACUGAUCAG
GAGCCAGUUGGACAGGAGC
CUUCUUGUGCUCUAGGAUUGU
UUGAGAAUGAUGAAUCAUUAGG
UCUUGUGUUCUCUAGAUCAGU
CAAAGAGGAAGGUCCCAUUAC
UUAUGGUUUGCCUGGGACUGAG
UGGGCGUAUCUGUAUGCUA
UGACCGAUUUCUCCUGsSUGUUC
ACUCCAGCCCCACAGCCUCAGC
GAAGUGUGCCGUGGUGUGUCU
UGUCACUCGGCUCGGCCCACUAC
UGCACCAUGGUUGUCUGAGCAUG
UCUGCUCAUACCCCAUGGUUUCU
ACCCUAUCAAUAUUGUCUCUGC
UGAGACCUCUGGGUUCUGAGCU
UCCAGUACCACGUGUCAGGGCCA
CUGGGAUCUCCGGGGUCUUGGUU
CAGUAACAAAGAUUCAUCCUUGU
UGGUGCGGAGAGGGCCCACAGUG
GGGAGCCAGGAAGUAUUGAUGU
AUGGUUCCGUCAAGCACCAUGG
ACCUGGCAUACAAUGUAGAUUU
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F13
F14
F15
F16
F17
F18
F19
F20
F21
F22
F23
F24
Gl
G2
G3
G4
G5
G6
G7
G8
G9
G10
G1l1
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22
G23
G24
H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
H11
H12
H13
H14
H15
H16

002097
002098
002100
002102
002104
002105
002107
002108
002110
002111
002113
002114
002115
002116
002118
002119
002120
002121
002125
002126
002127
002128
000338
002129
002130
002131
002132
002134
002135
002136
002137
002138
002139
002140
002141
002142
002143
002144
002145
002146
002148
002149
002150
002151
002152
002154
002157
002158
002159
002160
002163
002164

hsamiR-222#
hsamiR-223#
hsamiR-136#
hsamiR-34b
hsamiR-185#
hsamiR-186#
hsamiR-195#
hsamiR-30c-1#
hsamiR-30c-2#
hsamiR-32#
hsamiR-31#
hsamiR-130b#
hsamiR-26a-2#
hsamiR-361-3p
hsalet-7g#
hsamiR-302b#
hsamiR-302d#
hsamiR-367#
hsamiR-374a#
hsamiR-23b#
hsamiR-376a#
hsamiR-377#
athmiR159a
hsamiR-30b#
hsamiR-122#
hsamiR-130a#
hsamiR-132#
hsamiR-148a#
hsamiR-33a
hsamiR-33a#
hsamiR-92a1#
hsamiR-92a2#
hsamiR-93#
hsamiR-96#
hsamiR-99a#
hsamiR-100#
hsamiR-101#
hsamiR-138-2#
hsamiR-141#
hsamiR-143#
hsamiR-144+#
hsamiR-145#
hsamiR-920
hsamiR-921
hsamiR-922
hsamiR-924
hsamiR-337-3p
hsamiR-125b-2#
hsamiR-135b#
hsamiR-148b#
hsamiR-146a#
hsamiR-149#

CUCAGUAGCCAGUGUAGAUCCU
CGUGUAUUUGACAAGCUGAGUU
CAUCAUCGUCUCAAAUGAGUCU
CAAUCACUAACUCCACUGCCAU
AGGGGCUGGCUUUCCUCUGGUC
GCCCAAAGGUGAAUUUUUUGGG
CCAAUAUUGGCUGUGCUGCUCC
CUGGGAGAGGGUUGUUUACUCC
CUGGGAGAAGGCUGUUUACUCU
CAAUUUAGUGUGUGUGAUAUUU
UGCUAUGCCAACAUAUUGCCAU
ACUCUUUCCCUGUUGCACUAC
CCUAUUCUUGAUUACUUGUUUC
UCCCCCAGGUGUGAUUCUGAUUU
CUGUACAGGCCACUGCCUUGC
ACUUUAACAUGGAAGUGCUUUC
ACUUUAACAUGGAGGCACUUGC
ACUGUUGCUAAUAUGCAACUCU
CUUAUCAGAUUGUAUUGUAAUU
UGGGUUCCUGGCAUGCUGAUUU
GUAGAUUCUCCUUCUAUGAGUA
AGAGGUUGCCCUUGGUGAAUUC
UUUGGAUUGAAGGGAGCUCUA
CUGGGAGGUGGAUGUUUACUUC
AACGCCAUUAUCACACUAAAUA
UUCACAUUGUGCUACUGUCUGC
ACCGUGGCUUUCGAUUGUUACU
AAAGUUCUGAGACACUCCGACU
GUGCAUUGUAGUUGCAUUGCA
CAAUGUUUCCACAGUGCAUCAC
AGGUUGGGAUCGGUUGCAAUGCU
GGGUGGGGAUUUGUUGCAUUAC
ACUGCUGAGCUAGCACUUCCCG
AAUCAUGUGCAGUGCCAAUAUG
CAAGCUCGCUUCUAUGGGUCUG
CAAGCUUGUAUCUAUAGGUAUG
CAGUUAUCACAGUGCUGAUGCU
GCUAUUUCACGACACCAGGGUU
CAUCUUCCAGUACAGUGUUGGA
GGUGCAGUGCUGCAUCUCUGGU
GGAUAUCAUCAUAUACUGUAAG
GGAUUCCUGGAAAUACUGUUCU
GGGGAGCUGUGGAAGCAGUA
CUAGUGAGGGACAGAACCAGGAUUC
GCAGCAGAGAAUAGGACUACGUC
AGAGUCUUGUGAUGUCUUGC
CUCCUAUAUGAUGCCUUuUCUUC
UCACAAGUCAGGCUCUUGGGAC
AUGUAGGGCUAAAAGCCAUGGG
AAGUUCUGUUAUACACUCAGGC
CCUCUGAAAUUCAGUUCUUCAG
AGGGAGGGACGGGGGCUGUGC
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H17
H18
H19
H20
H21
H22
H23
H24
11

12

13

14

15

16

17

18

19
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
Jl
J2
J3
J4
J5
J6
J7
J8
J9
J10
J11
J12
J13
J14
J15
J16
J17
J18
J19
J20

002165
002166
002168
002170
002171
002172
002173
002174
002176
002177
002178
002179
002180
002181
002182
002183
002185
002187
002188
002189
002196
002197
002200
002203
002213
002214
002231
002238
002243
002254
002259
002263
002266
002270
002272
002274
002286
002287
002288
002293
002294
002298
002301
002302
002305
002307
0023®

002310
002311
002312
002314
002315

hsamiR-29b-1#
hsamiR-29b-2#

hsamiR-105#
hsamiR-106a#
hsamiR-16-2#
hsalet-7i#
hsamiR-15b#
hsamiR-27b#
hsamiR-933
hsamiR-934
hsamiR-935
hsamiR-936
hsamiR-937
hsamiR-938
hsamiR-939
hsamiR-941
hsamiR-335#
hsamiR-942
hsamiR-943
hsamiR-944
hsamiR-99b#
hsamiR-124#
hsamiR-541#

hsamiR-875-5p

hsamiR-888#
hsamiR-892b
hsamiR-9#
hsamiR-411#
hsamiR-378

hsamiR-151-3p

hsamiR-340#
hsamiR-190b
hsamiR-545#
hsamiR-183#
hsamiR-192#
hsamiR-200b#
hsamiR-200c#
hsamiR-155#
hsamiR-10a#
hsamiR-214#

hsamiR-218-2#

hsamiR-129#
hsamiR-22#
hsamiR-425#
hsamiR-30d#
hsalet-7a#
hsamiR-424#
hsamiR-18b#
hsamiR-20b#
hsamiR-431#
hsamiR-7-2#
hsamiR-10b#

GCUGGUUUCAUAUGGUGGUUUAGA
CUGGUUUCACAUGGUGGCUUAG
ACGGAUGUUUGAGCAUGUGCUA
CUGCAAUGUAAGCACUUCUUAC
CCAAUAUUACUGUGCUGCUUUA
CUGCGCAAGCUACUGCCuUuUGCU
CGAAUCAUUAUUUGCUGCUCUA
AGAGCUUAGCUGAUUGGUGAAC
UGUGCGCAGGGAGACCUCUCCC
UGUCUACUACUGGAGACACUGG
CCAGUUACCGCUUCCGCUACCGC
ACAGUAGAGGGAGGAAUCGCAG
AUCCGCGCUCUGACUCUCUGCC
UGCCCUUAAAGGUGAACCCAGU
UGGGGAGCUGAGGCUCUGGGGGUG
CACCCGGCUGUGUGCACAUGUGC
UUUUUCAUUAUUGCUCCUGACC
UCUUCUCUGUUUUGGCCAUGUG
CUGACUGUUGCCGUCCUCCAG
AAAUUAUUGUACAUCGGAUGAG
CAAGCUCGUGUCUGUGGGUCCG
CGUGUUCACAGCGGACCUUGAU
AAAGGAUUCUGCUGUCGGUCCCACU
UAUACCUCAGUUUUAUCAGGUG
GACUGACACCUCUUUGGGUGAA
CACUGGCUCCUUUCUGGGUAGA
AUAAAGCUAGAUAACCGAAAGU
UAUGUAACACGGUCCACUAACC
ACUGGACUUGGAGUCAGAAGG
CUAGACUGAAGCUCCUUGAGG
UCCGUCUCAGUUACUUUAUAGC
UGAUAUGUUUGAUAUUGGGUU
UCAGUAAAUGUUUAUUAGAUGA
GUGAAUUACCGAAGGGCCAUAA
CUGCCAAUUCCAUAGGUCACAG
CAUCUUACUGGGCAGCAUUGGA
CGUCUUACCCAGCAGUGUUUGG
CUCCUACAUAUUAGCAUUAACA
CAAAUUCGUAUCUAGGGGAAUA
UGCCUGUCUACACUUGCUGUGC
CAUGGUUCUGUCAAGCACCGCG
AAGCCCUUACCCCAAAAAGUAU
AGUUCUUCAGUGGCAAGCUUUA
AUCGGGAAUGUCGUGUCCGCCC
CUUUCAGUCAGAUGUUUGCUGC
CUAUACAAUCUACUGUCUUUC
CAAAACGUGAGGCGCUGCUAU
UGCCCUAAAUGCCCCUUCUGGC
ACUGUAGUAUGGGCACUUCCAG
CAGGUCGUCUUGCAGGGCUUCU
CAACAAAUCCCAGUCUACCUAA
ACAGAUUCGAUUCUAGGGGAAU
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J21
J22
J23
J24
K1
K2
K3
K4
K5
K6
K7
K8
K9
K10
K11
K12
K13
K14
K15
K16
K17
K18
K19
K20
K21
K22
K23
K24
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
L23
L24

002316
002317
002325
002330
002332
002333
002336
002339
002342
002343
002346

002362
002366
002368
002371
002376
002378
002379
002380
002381
002384
002387
002391
002400
002404
002405
002407
002410
002411
002417
002418
002419
002420
002421
002423
002424
002425
002432
002434
002437
002438
002439
002440
002441
002442
002443
002444
002445
002447
002642
002643
002658

hsamiR-34a#
hsamiR-181a2#
hsamiR-744#
hsamiR-452#
hsamiR-409-3p
hsamiR-181c#
hsamiR-196a#
hsamiR-483-3p
hsamiR-708#
hsamiR-92b#
hsamiR-551b#
hsamiR-202#
hsamiR-193b#
hsamiR-497#
hsamiR-518e#
hsamiR-543
hsamiR-125b-1#
hsamiR-194+#
hsamiR-106b#
hsamiR-302a#
hsamiR-519b-3p
hsamiR-518f#
hsamiR-374b#
hsamiR-520¢3p
hsalet-7b#
hsalet-7c#
hsalet-7e#
hsamiR-550
hsamiR-593
hsalet-7f-1#
hsalet-7f-2#
hsamiR-15a#
hsamiR-16-1#
hsamiR-17#
hsamiR-18a#
hsamiR-19a#
hsamiR-19b-1#
hsamiR-625#
hsamiR-628-3p
hsamiR-20a#
hsamiR-21#
hsamiR-23a#
hsamiR-24-1#
hsamiR-24-2#
hsamiR-25#
hsamiR-26a1#
hsamiR-26b#
hsamiR-27a#
hsamiR-29a#
hsamiR-151-5P
hsamiR-765
hsamiR-338-5P

CAAUCAGCAAGUAUACUGCCCU
ACCACUGACCGUUGACUGUACC
CUGUUGCCACUAACCUCAACCU
CUCAUCUGCAAAGAAGUAAGUG
GAAUGUUGCUCGGUGAACCCCU
AACCAUCGACCGUUGAGUGGAC
CGGCAACAAGAAACUGCCUGAG
UCACUCCUCUCcucccaGcucuu
CAACUAGACUGUGAGCUUCUAG
AGGGACGGGACGCGGUGCAGUG
GAAAUCAAGCGUGGGUGAGACC
UUCCUAUGCAUAUACUUCUUUG
CGGGGUUUUGAGGGCGAGAUGA
CAAACCACACUGUGGUGUUAGA
CUCUAGAGGGAAGCGCUUUCUG
AAACAUUCGCGGUGCACUUCUU
ACGGGUUAGGCUCUUGGGAGCU
CCAGUGGGGCUGCUGUUAUCUG
CCGCACUGUGGGUACUUGCUGC
ACUUAAACGUGGAUGUACUUGCU
AAAGUGCAUCCUUUUAGAGGUU
CUCUAGAGGGAAGCACUUUCUC
CUUAGCAGGUUGUAUUAUCAUU
AAAGUGCUUCCUUUUAGAGGGU
CUAUACAACCUACUGCcUuUCCC
UAGAGUUACACCCUGGGAGUWA
CUAUACGGCCUCCUAGCuUUuUCC
AGUGCCUGAGGGAGUAAGAGCCC
UGUCUCUGCUGGGGUUUCU
CUAUACAAUCUAUUGCCUUCCC
CUAUACAGUCUACUGUCUuUUCC
CAGGCCAUAUUGUGCUGCCUCA
CCAGUAUUAACUGUGCUGCUGA
ACUGCAGUGAAGGCACUUGUAG
ACUGCCCUAAGUGCUCCUUCUGG
AGUUUUGCAUAGUUGCACUACA
AGUUUUGCAGGUUUGCAUCCAGC
GACUAUAGAACUUUCCCCCUCA
UCUAGUAAGAGUGGCAGUCGA
ACUGCAUUAUGAGCACUUAAAG
CAACACCAGUCGAUGGGCUGU
GGGGUUCCUGGGGAUGGGAUUU
UGCCUACUGAGCUGAUAUCAGU
UGCCUACUGAGCUGAAACACAG
AGGCGGAGACUUGGGCAAUUG
CCUAUUCUUGGUUACUUGCACG
CCUGUUCUCCAUUACUUGGCUC
AGGGCUUAGCUGCUUGUGAGCA
ACUGAUUUCUUUUGGUGUUCAG
UCGAGGAGCUCACAGUCUAGU
UGGAGGAGAAGGAAGGUGAUG
AACAAUAUCCUGGUGCUGAGUG
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M1
M2
M3
M4
M5
M6
M7

M8
M9
M10
M11
M12
M13
M14
M15
M16
M17
M18
M19
M20
M21
M22
M23
M24
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23
N24
o1
02
03

002672
002675
002676
002677
002678
002681
002743

002752
002867
002756
002757
002758
002761
002763
002766
002768
002769
002773
002775
002776
ooz2rr7
002778
002779
002781
002783
002784
002785
002789
002790
002791
002792
002796
002798
002799
002801
002803
002805
002807
002810
002815
002816
002818
002819
002820
002822
002823
002824
002827
002829
002830
002832

hsamiR-620
hsamiR-577
hsamiR-144

hsamiR-590-3P

hsamiR-191#
hsamiR-665
hsamiR-520D-
3P

hsamiR-12243P

hsamiR-1305
hsamiR-513C
hsamiR-513B
hsamiR-1226#
hsamiR-1236
hsamiR-1228#

hsamiR-12253P

hsamiR-1233
hsamiR-1227
hsamiR-1286
hsamiR-548M
hsamiR-1179
hsamiR-1178
hsamiR-1205
hsamiR-1271
hsamiR-1201
hsamiR-548]
hsamiR-1263
hsamiR-1294
hsamiR-1269
hsamiR-1265
hsamiR-1244
hsamiR-1303
hsamiR-1259
hsamiR-548P
hsamiR-1264
hsamiR-1255B
hsamiR-1282

hsamiR-1255A

hsamiR-1270
hsamiR-1197
hsamiR-1324
hsamiR-548H
hsamiR-1254
hsamiR-548K
hsamiR-1251
hsamiR-1285
hsamiR-1245
hsamiR-1292
hsamiR-1301
hsamiR-1200
hsamiR-1182
hsamiR-1288

AUGGAGAUAGAUAUAGAAAU
UAGAUAAAAUAUUGGUACCUG
UACAGUAUAGAUGAUGUACU
UAAUUUUAUGUAUAAGCUAGU
GCUGCGCUUGGAUUUCGUCCCC
ACCAGGAGGCUGAGGCcccU
AAAGUGCUUCUCUUUGGUGGGU

CCCCACCUCCUCUCUCCUCAG
UUUUCAACUCUAAUGGGAGAGA
UUCUCAAGGAGGUGUCGUUUAU
UUCACAAGGAGGUGUCAUUUAU
GUGAGGGAUGCAGGCCUGGAUGGGG
CCUCUUCCCCUUGUCUCUCCAG
GUGGGCGGGGGCAGGUGUGUG
UGAGCCCCUGUGCCGCCCCCAG
UGAGCCCUGUCCUCCCGCAG
CGUGCCACCcCuuuuccces
UGCAGGACCAAGAUGAGCCCU
CAAAGGUAUUUGUGGUUUUUG
AAGCAUUCUUUCAUUGGUUGG
UUGCUCACUGUUCUUCCCUAG
UCUGCAGGGUUUGCUUUGAG
CUUGGCACCUAGCAAGCACUCA
AGCCUGAUUAAACACAUGCUCUGA
AAAAGUAAUUGCGGUCUUUGGU
AUGGUACCCUGGCAUACUGAGU
UGUGAGGUUGGCAUUGUUGUCU
CUGGACUGAGCCA@GCUACUGG
CAGGAUGUGGUCAAGUGUUGUU
AAGUAGUUGGUUUGUAUGAGAUGGUU
UUUAGAGACGGGGUCUUGCUCU
AUAUAUGAUGACUUAGCUUUU
UAGCAAAAACUGCAGUUACUUU
CAAGUCUUAUUUGAGCACCUGUU
CGGAUGAGCAAAGAAAGUGGUU
UCGUUUGCCUUUUUCUGCuUU
AGGAUGAGCAAAGAAAGUAGAUU
CUGGAGAUAUGGAAGAGCUGUGU
UAGGACACAUGGUCUACUUCU
CCAGACAGAAUUCUAUGCACUUUC
AAAAGUAAUCGCGGUUUUUGUC
AGCCUGGAAGCUGGAGCCUGCAGU
AAAAGUACUUGCGGAUUUUGCU
ACUCUAGCUGCCAAAGGCGCU
UCUGGGCAACAAAGUGAGACCU
AAGUGAUCUAAAGGCCUACAU
UGGGAACGGGUUCCGGCAGACGCUG
UUGCAGCUGCCUGGGAGUGACUUC
CUCCUGAGCCAUUCUGAGCCUC
GAGGGUCUUGGGAGGGAUGUGAC
UGGACUGCCCUGAUCUGGAGA
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04
05
06

07

08

09

010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
P1

P2

P3

P4

P5

P6

P7

P8

P9

P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24

002838
002840
002841

002842
002843
002844
002845
002847
002850
002851
002852
002854
002857
002860
002861
002863
002868
002870
002871
002872
002873
002874
002877
002878
002879
002880
002881
002883
002884
002885
002887
002888
002890
002893
002894
002895
002896
002897
002901
002902
002903
002904
002905
002907
002908

hsamiR-1291
hsamiR-1275
hsamiR-1183

hsamiR-1184
hsamiR-1276
hsamiR-320B
hsamiR-1272
hsamiR-1180
hsamiR-1256
hsamiR-1278
hsamiR-1262
hsamiR-1243
hsamiR-663B
hsamiR-1252
hsamiR-1298
hsamiR-1290
hsamiR-1249
hsamiR-1248
hsamiR-1289
hsamiR-1204
hsamiR-1826
hsamiR-1304
hsamiR-1203
hsamiR-1206
hsamiR-548G
hsamiR-1208
hsamiR-548E
hsamiR-1274A
hsamiR-1274B
hsamiR-1267
hsamiR-1250
hsamiR-548N
hsamiR-1283
hsamiR-1247
hsamiR-1253
hsamiR-720
hsamiR-1260
hsamiR-664
hsamiR-1302
hsamiR-1300
hsamiR-1284
hsamiR-548L
hsamiR-1293
hsamiR-1825
hsamiR-1296

UGGCCCUGACUGAAGACCAGCAGU
GUGGGGGAGAGGCUGUC
CACUGUAGGUGAUGGUGAGAGUGGGC
A
CCUGCAGCGACUUGAUGGCUUCC
UAAAGAGCCCUGUGGAGACA
AAAAGCUGGGUUGAGAGGGCAA
GAUGAUGAUGGCAGCAAAUUCUGAAA
UUUCCGGCUCGCGUGGGUGUGU
AGGCAUUGACUUCUCACUAGCU
UAGUACUGUGCAUAUCAUCUAU
AUGGGUGAAUUUGUAGAAGGAU
AACUGGAUCAAUUAUAGGAGUG
GGUGGCCCGGCCGUGCCUGAGG
AGAAGGAAAUUGAAUUCAUUUA
UUCAUUCGGCUGUCCAGAUGUA
UGGAUUUUUGGAUCAGGGA
ACGCCCUuUCCCCCCCUUCUUCA
ACCUUCUUGUAUAAGCACUGUGCUAAA
UGGAGUCCAGGAAUCUGCAUUUU
UCGUGGCCUGGUCUCCAUUAU
AUUGAUCAUCGACACUUCGAACGCAAU
UUUGAGGCUACAGUGAGAUGUG
CCCGGAGCCAGGAUGCAGCUC
UGUUCAUGUAGAUGUUUAAGC
AAAACUGUA AUUACUUUUGUAC
UCACUGUUCAGACAGGCGGA
AAAAACUGAGACUACUUUUGCA
GUCCCUGUUCAGGCGCCA
UCCCUGUUCGGGCGCCA
CCUGUUGAAGUGUAAUCCCCA
ACGGUGCUGGAUGUGGCCUuUU
CAAAAGUAAUUGUGGAUUUUGU
UCUACAAAGGAAAGCGCUUUCU
ACCCGUCCCGUUCGUCCCCGGA
AGAGAAGAAGAUCAGCCUGCA
UCUCGCUGGGE&CUCCA
AUCCCACCUCUGCCACCA
UAUUCAUUUAUCCCCAGCCUACA
UUGGGACAUACUUAUGCUAAA
UUGAGAAGGAGGCUGCUG
UCUAUACAGACCCUGGCUUUUC
AAAAGUAUUUGCGGGUUUUGUC
UGGGUGGUCUGGAGAUUUGUGC
UCCAGUGCCCUCcuUcucCcC
UUAGGGCCCUGGCUCCAUCUCC
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Figure E.3 Position of miRNA assays on Custom TLDA card Format forthe
custommade 384 well mcroRNA araysma de by Appl i ecdntaiBimgo s y st

our 31 miRNAs of interest and endogenous control U6 snRNA.
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