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by Victor Paky Bondanese

MicroRNAs are small non-coding RNA molecules thavé attracted much attention for their
role as post-transcriptional regulators of generesgion. In addition to repressing translation
from target mMRNAs, they have also been shown toggaaite in the innate immunity response
against a number of viruses. The main hypothesthisfthesis is that microRNAs are able to
regulate Human Rhinovirus (HRV) replication. AltlgtuHRYV is responsible for the common
cold in healthy people, it is also one of the majauses of asthma exacerbations which can be
life threatening and represent an unmet clinicadne

To test whether microRNAs are used by cells agdfre virus, HRV replication was followed
in cells with either normal or reduced levels otcroRNAs. Reducing the amount of mature
microRNAs proved to be challenging and requiredpte@onged silencing dDICERY one of
the genes necessary for microRNA biogenesis. Ttaeeased the replication of HRV-1B in
BEAS-2B cells, a human bronchial epithelial cefleli Moreover, using the same cell line, it
was also possible to show that microRNAs interatctly with HRV-1B genomic RNA. In
fact, the latter co-immunoprecipitated with Ago2igvhis one of the proteins that microRNAs
need to associate with in order to exert theirat$fe

These results supported the hypothesis that HR¥egulated by microRNAs in bronchial
epithelial cells (BECs). Since asthmatic BECs hlaeen shown to allow greater replication of
HRVs, it is possible that antiviral microRNAs cadhtrte to this difference. This implies that the
microRNA expression is different between healthyd asthmatic BECs. Using RT-qPCR
microRNA arrays, we identified microRNAs which wearader-expressed in asthmatic BECs.
Among those, eight were predicted by bioinformat@lysis to target both HRV-1B and HRV-
16. Five of those microRNAs were confirmed to bdamexpressed in asthmatic BECs using a
larger sample set (n=13 healthy; n=15 asthmati&.udéd BEAS-2B cells again to test whether
lack of those microRNAs can favour HRV replicatidine results showed that silencing either
miR-155 or miR-128 allowed higher replication of WRB.

Interestingly, all the five microRNAs identifieabove (under-expressed in asthmatic BECs
and predicted to target both HRV-1B and -16) ardjoted or have already been shown to
target components of TGFand IL-13 signalling pathways. Focusing on miR-i&5technical
reasons, our results suggest that the microRNAgttifol by our arrays are able to regulate the
TGF{3 and IL-13 response of human BECs. This is verytiexcas both cytokines are known
to be involved in the pathology of asthma. Moreopitehas been suggested that TG BIso has
a role in asthma exacerbations thanks to its ghdidampen the innate immune response.

In conclusion, the results presented here sughestlack of a pool of microRNAs may
contribute to the asthmatic phenotype and to \imdsiced asthma exacerbations. Such
microRNAs indeed, have the potential to influenekutar pathways related to remodelling and
inflammation. Moreover, they can also influence HR3plication both directly and indirectly
through regulation of the TGE-pathway and therefore they constitute interestitegapeutic
targets.
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Names of genes / proteins

Throughout this entire thesis the official gene bgia have been used, unless otherwise stated.
In general, when referring to either the gene olNARall capital letters and italics were used.
When referring to protein, only the first letter svia capital letter and not italics style was used.
For example:

SMAD2-> gene or mRNA

Smad?2-> protein

Abbreviations

3 UTR: 3’ untranslated region

ADAM33: A Disintegrin And Metalloproteinase domagentaining protein 33
BECs: Bronchoepithelial cells

BHR: Bronchial Hyperresponsiveness

Cat.n: Catalogue number

cDNA: complementary DNA

DNA: Deoxyribonucleic acid

ECM: Extracellular matix

EGF: Epidermal growth factor

EGFR: Epidermal growth factor receptor

FBS: Foetal bovine serum

Fc: Crystallizable fragment of an immunoglobulin
FCeRI: High affinity IgE receptor | (FC immunoglobualiepsilon receptor I)
GM-CSF: Granulocyte Macrophage Colony Stimulatiagtr
HCV: Hepatitis C virus
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Chapter 1
INTRODUCTION







1.1 Asthma

1.1.1 General disease overview

With an estimated 300 million subjects affectedhms is one of the most prevalent
health problems worldwide with significant socialleeconomic costs.

It is a chronic respiratory condition that burdéms asthmatic patient with recurrent episodes of
reduced respiratory function, caused by airflowtlzsion that is generally reversible. Stimuli
able to cause these acute episodes (also refarrag asthma exacerbations) include “stress”
(Wright et al. 1998), exercise, cold air, aerofgiéns and viral infections (Wark & Gibson
2006). The intensity of such attacks can vary, irmngrom moderate and described as
wheezing, chest tightness, shortness of breathietp serious and life-threatening. In fact
250,000 asthma-related deaths are reported to eweny year worldwide (GINA 2010).

Asthma is a complex disease, highly heterogenewubd details of its triggers and
manifestation. However, in medical practice it éscribed as a “chronic inflammatory disorder
of the airways in which many cells play a role” & 2010). The chronic inflammation of the
lung is associated with what is referred to as tal hyperresponsiveness (BHR) and airway
remodelling. In fact a thicker and hyper-reactiager of smooth muscles makes the airways
“twitchy”. Moreover, oedema of the mucosa, mucugrpwduction and thickening of the
airway walls contribute to airflow obstruction (lgalte 2010a).

It is widely accepted that there is a major heesglicomponent, but this is clearly a
complex genetic contribution, and environmentatdesccan have a large influence in the onset
of the disease (Cookson 2002). Studies aiming exitiiying asthma related genes, pointed
sometimes at genes whose products are known taaplalg in the pathology of asthma (eg Th2
cytokines, TGH3, IgE receptor), and sometimes to unexpected oresaevproducts’ role or
function are not fully characterised yet @BAM33 ORMDL3 (Holgate 2010b, Moffatt et al.
2007).

1.1.2 Chronic inflammation.

Allergy, a disorder of the immune system where immgells are hyper-sensitive to
foreign molecules, is very commonly associated wagthma. Immunoglobulin E (IgE)
antibodies are at the basis of allergic reactitmgact, on the one hand they specifically bind
the allergen, while on the other hand they are Bdwnreceptors (FERI) at the surface of mast
cells and basophils. In a subject with atopic asthhen, allergen binding induces mast cells

and basophils to release large amounts of sevgtakines, amongst which histamine and




cysteinyl leukotrienes. These trigger asthma exmtems by stimulating airway smooth muscle
contraction, increasing vascular permeability andher leukocyte chemotaxis (Montuschi &
Peters-Golden 2010, Ogawa & Calhoun 2006).

However, not all atopic people develop asthma drntieasame time asthma is not exclusively
allergic (Pearce et al. 1999). Nevertheless, a senylar pattern of chronic inflammation is also
a striking characteristic of non-allergic formstbé disease (GINA 2010, Humbert et al. 1999,
Turato et al. 2008) and recognition of its impodarhas been crucial for asthma treatment.
Indeed, there is no cure for asthma, and the mamageof this disease aims at maintaining its
clinical manifestations under control. This is astdd by reducing the chronic inflammation
using anti-inflammatory medications, and reversirthe bronchoconstriction using
bronchodilators (Bernstein 2008, GINA 2010).

In summary, the airways of asthmatic subjects m@ ¢hronic inflammatory state, with
many activated immune cells and a predominant W@kme profile, even in the absence of
allergy and increased levels of IgE.

Th2 cytokines establish a self-sustaining pro-mfi@atory environment. By inducing the
release of several other chemokines (ie RANTES aathxin) and over-expression of
endothelial adhesion proteins (in particular ICANVadd VCAM-1) they promote recruitment
and activation of many infiltrating immune cellstime airways, typically mast cells, basophils,
eosinophils and neutrophils. The activity of alkksk cell types, in the context of the chronic

inflammation, is responsible for the asthmatic stons.

1.1.3 IL-4 and IL-13

II-4 and IL-13 are central Th2 cytokines and hawpartant roles in asthma (Holgate
2008, Neurath etal. 2002). They are pleiotropitokines with largely overlapping effects
(Jiang et al. 2000). In fact, among other effeotdh IL-4 and IL-13, promote B cell growth and
induce IgE class switch, promote eosinophilia byuiting eotaxin, and induce the
hypersecretion of mucus in the lung.
While IL-4 is the Th2 driving cytokine, IL-13 doest activate human T cells.
However, IL-13 inhibits the production of IF{Nand IL-12, which are Th1 driving cytokines.
Therefore, it supports IL-4 in repressing the depalent of Thl cells while favouring the
establishment of a pro-Th2 microenvironment.

IL-4 can signal through two receptors, namely ILgRe | and II, while IL-13 uses only
type Il (Hershey 2003, Jiang et al. 2000). Hemai&tmocells typically express type | receptor,

composed of IL4R and the common gammygc] chain, a receptor subunit used also by other




cytokines, such as IL-2, IL-7, IL-9 and IL-15. Typereceptor is instead composed of ILe#R
and IL13Rx1, and it is most often found on non-hematopoietits, while it is not expressed in
human T cells, explaining their lack of response&nto IL-13.

Ligand binding activates the associated tyrosimeades, which belong to the Janus kinase
(JAK) family. Most often, ILARt has been shown to associate with JAK1, whieand
IL13Ral associate with JAK3 and TYK2 respectively (Jiahgl. 2000).

IL4Ra is the main signalling subunit. It is in fact assbed with signal transducer and activator
of transcription (STAT) 6, which is responsible fapst effects of both cytokines. Members of
the STAT family are all characterized by a simjpattern of action: upon phosphorylation by a
JAK kinase, they dissociate from the receptor tonfdiomo- and hetero-dimers with other
STAT proteins. This complex then exerts its traipginal activity in the nucleus, where it

influences the expression of target genes (seélg.
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fig. 1-1. Schematic of IL-13 and IL-4 pathway.
Following cytokine binding, the receptor becomesvated and this culminates in the activation

of tyrosine kinases associated to the receptorrstshbuch kinases phosphorylate STAT6 that
is now able to dissociate from the receptor ananfdromo-dimers (with other p-STAT6
molecules). The dimers have transcriptional agtiviih fact they translocate into the nucleus
where they regulate the expression of target genes.




1.1.4 Airway remodelling.

Airway obstruction in asthma can be totally or opdrtially reversible, being caused by
a combination of physiological and structural fastdhat altogether contribute to airway
narrowing. In fact, besides spasm of bronchial dmauouscles, that can be therapeutically
relaxed and therefore quickly reversed, chroniainfation of the airways also brings oedema
of the mucosa and increased production of mucudo@wof this, thickening of the airway walls
is promoted, with increased production of extradall matrix (ECM), differentiation of
myofibroblasts, increased airway smooth musclescalhd angiogenesis, processes that
altogether are referred to as airway remodellirgh{F2001, Hashimoto et al. 2005). These are
persistent features that cannot be quickly reveessd therefore contribute to impair lung

function.

Airway remodelling and airway inflammation in asthrare intertwined; which occurs
first is not known. For a long time remodelling hasen considered as a consequence of
recurrent tissue damage caused by the chronianiniltion. However, recent studies on very
young asthmatic children, have established thatagiremodelling is well already on its way at
very early stages. Indeed, epithelial damage anpaiticular thickening of the basal membrane
are very common in asthmatic lungs, even in theemtes of other signs of inflammation
(Baraldo et al. 2011, Barbato et al. 2006, Kimle2@07, Malmstrom et al. 2011, Saglani et al.
2005, Saglani et al. 2007). In addition more rdgeitthas been shown that TGFand signs of
airway remodelling are induced in asthmatics bynbhmconstriction alone (Grainge et al.
2011). These striking observations challenged tthaittonal views, about airway remodelling

being a consequence of long-lasting disease (Holkgadl. 2009, Knight et al. 2004).

1.1.5 Epithelial-mesenchymal communication in asthma.

It is clear that lung epithelium is damaged in astics (Holgate 2007). In normal
conditions, epithelial damage is repaired very kjyidn order to preserve function of the
epithelium. Epithelial cells adjacent the areardéiest, de-differentiate and migrate onto the
site of damage. Here, they proliferate covering daenaged area and finally re-differentiate
back into the original epithelial phenotype, reistgprthe healthy lining surface (Erjefalt &
Persson 1997).

In asthma, instead the epithelium enters a statieustrated repair” and stress, where signals of
repair (Puddicombe et al. 2000) are not finaligkd,epithelium is not repaired and as a matter

of fact cell junctions, that ensure the correctthegial barrier function, are compromised




(Swindle et al. 2009, Xiao et al. 2011). This ahetrwound healing scenario is initiated by
several stimuli typically associated with asthmace®xbations, such as allergens, pollutants,
irritants and viral infections, but it is then sopied by an inherent deficiency of asthmatic
epithelial cells to repair. Instead, they chroricaéxpress not only pro-fibrotic enzymes
(Stevens et al. 2008), and growth factors such@ig{3, that stimulate airway remodelling, but
also pro-inflammatory factors such as GM-CSF antdPr @8urgess 2009). All this contributed
to the idea, first elaborated by Holgate et aht ih asthma, the epithelium has a major role in
both chronic inflammation and airway remodelling.fact, the asthmatic epithelium engages
aberrant interactions (often referred to as théhelial-mesenchymal trophic unit) with both
underlying structural cells, such as fibroblastsl @mooth muscle cells, and immune cells
(Holgate et al. 2000).

A scrupulous description of the molecular detailtha basis of this model is beyond the focus
of this thesis, but such model emphasises that lieicoming increasingly evident that the
airway epithelium in asthma does not just suffenfrthe chronic inflammation, but certainly

contributes actively to, if not initiates, the palthgy.

1.1.6 Transforming growth factor beta (TGF-)

TGF{ is one important player in the aberrant wound ihgascenario just described.
This growth factor has profound effects on botlwairs’ structural and immune cells. Indeed,
TGF{f3 has been proven to participate both directly andiréctly to the recruitment of
inflammatory cells relevant to asthma, such as roa#is (Gruber et al. 1994), eosinophils
(Luttmann et al. 1998) and neutrophils (Thelenl.el895). TGFB has dramatic effects on
airway remodelling. In fact, it induces prolife@ti of fibroblasts, their differentiation into
myofibroblasts, and the proliferation and surviedl smooth muscle cells. It stimulates the
accumulation of ECM and promotes angiogenesis dydimg expression of VEGF (Burgess
2009).

TGF{3 undergoes a complex post-translational maturdigfore becoming active. It is
in fact secreted in an inactive form. The inactisen is bound by components of the ECM,
where it is stored and from where it can be rekdsedifferent proteases such as thrombin,
neutrophil elastase or mast cell chymase (Taipadk €992, Taipale et al. 1995). This provides
an additional level of regulation of its activity fact, final maturation requires removal of the
so called latency associated peptide (LAP) by ps#e such as plasmin, sialidase or
neuraminidase, generating the biologically activeletule. The latter is constituted of two
peptides joined by a disulphide bond and it is raile to interact with its receptor. Also LAP

removal occurs extracellularly. In vivo this medingt LAP removal occurs in the contect of the




extracellular matrix (ECM), where many proteolydnzymes contribute to regulate both the
availability and the final maturation of T@-¢(Khalil 1999).

Three isoforms belong to the TG#Fsubfamily, numbered from 1 to 3, and TGE-is the
prototype member. These isoforms show largely appihg cellular effectm vitro. However,

in vivo their functions are not redundant, particularld@velopment. This may be the result of
a combination of differences in their pattern opmssion and regulation, besides the use of
specific receptor subunits SRl and BRIl are the best characterised receptor subunitis wi
serine/threonine kinase activity. Mature T@GFbinds first to a BRIl homodimer. PRI
homodimer then joins in, forming the active recepiaGF{3 has been shown to signal mainly
through the SMAD pathway, where the active receptmsphorylates Smad2 and/or Smad3 (p-
Smad?2/3). The latter can then dissociate from #weptor subunits and form heterometric
complexes with Smad4 (see fig. 1-2). This complax finally translocate into the nucleus and

modulate gene expression (Shi & Massagué 2003).

TGF{ is expressed ubiquitously, also in the healthyg]uut its abundance is certainly
higher in asthmatic lungs, especially after allarghallenge or bronchoconstriction (Grainge
et al. 2011). Many reports pinpointed that the dsof TGFf2 is the one to be upregulated in
asthma. However, which cells are responsible far iticreased production is still a matter of
debate and research. In fact, both immune andtstalcells that are increased and activated in
asthma, such as neutrophils, eosinophils, macrgshdgproblasts and smooth muscle cells
have all been shown to express it. Also, mechamsitas mimicking bronchoconstriction has
been shown to upregulate release of T82Ffrom bronchial epithelial cells (BECgXx vivo
(Tschumeperlin et al. 2003). This type of analysisomplicated by the fact that T(Hs stored
in the ECM in an inactive form, offering additior@dportunities to modulate its activity. In any
case, whatever the main source, the T3pathway is over-activated in asthma. Indeed, llighe
levels of p-Smads are found in the epithelium dhmstics as compared to healthy subjects

(Sagara et al. 2002) and asthmatic attacks fuiticezase them (Torrego et al. 2007).




Cell membrane

TBRI
TBRII

1;
S

@)
(
p-Smad2/3 % 7

p-Smad2/3 p-Smad2/3

—
Smad4

————
- - o
~

~
nucleus

fig. 1-2. Schematic of TGH3 SMAD-dependent pathway.
The receptor subunits possess a (intracellulagr@ihal serine/threonine kinase domain. They

have been shown to be homodimers therefore therene¢aeptor is actually a hetero-tetramer.
However, this has been simplified in this schemad#ature TGH3 binds first to BRII. The
latter is contitutively active and phosphorylateBRT when it joins in, forming the active
receptor. ThereforefRI phosphorylates the receptor-associated Smadd&mma3). These can
now associate with Smad4 (also referred to as céd3Mforming a complex with
transcriptional activity which can therefore entiee nucleus and regulate expression of target

genes.




1.2 Human Rhinovirus infections in asthma.

Asthma exacerbations are severe attacks with wimgeh the symptoms, and represent
a major problem in the management of the diseasgicGsteroids or other anti-inflammatory
treatments in fact are only marginally effectivadgatients require additional medication and
emergency care (Grunberg et al. 2001, Hansbro 20a8).
Viral respiratory tract infections are the majousa of asthma exacerbations, and in particular
human rhinovirus (HRV) has been found to be thetrmosimon virus (Johnston 2005). It has
long been documented that severe asthma exacerbgpeak in spring and fall, in close
coincidence with patterns of HRV spread in the camity (Johnston et al. 1996). Interestingly,
in addition to the well recognized role of HRV istlama exacerbations, recent studies suggest
that HRV may be one of the main causative agenéstbima itself, certainly in the context of a
predisposing genetic background. In fact, repeiietttions with this virus in the first years of
life are very strongly associated with developirgthena later on (Dharmage etal. 2009,

Heymann et al. 2004).

1.2.1 HRV targets bronchial epithelial cells (BECs) and ti replicates

more in asthmatics.

Compared with healthy subjects, asthmatics do ootract colds more often or have
more severe colds in terms of upper airways symptdnstead, they suffer from more severe
and longer lasting symptoms of the lower respisatoact, which culminate in severe asthma
exacerbations (Corne etal. 2002, Gern 2003, Skehat. 1996). For a long time it was
commonly accepted that Rhinovirus infections weratéd to the upper airways. However, this
has been proven not to be true and that actuadiyitus spreads in the lower airways (Gern
et al. 1997). Here, the bronchial epithelium is thain target of HRV (Friedlander & Busse
2005, Hayden 2004, Laza-Stanca et al. 2006, Madsar 2002). It is likely that the virus then
causes asthma exacerbations through a combindticgilolar damage and cytokine induction
(Wark & Gibson 2006). In fact, bronchial epithelizglls (BECs) infected by HRV express
several pro-inflammatory cytokines, such as IPRBNTES, IL-6, IL-8, TNFa, and this is
enhanced in the context of the asthmatic chronftarmmation (Kallal & Lukacs 2008,
Papadopoulos et al. 2000, Wark et al. 2007). It fleeolar macrophages and epithelial cells
from asthmatics have been shown to be deficieptaducing IFNB andA after viral infection
(Contoli etal. 2006). As a consequence, viral icaibn in asthmatic BECs is favoured,
increasing cytokine release and cytotoxic cell l€@tark et al. 2005).

This deficiency seems to be restricted to thedeyges. Asthmatic and healthy fibroblasts, for

instance, have been shown not to differ in thimrégBedke et al. 2009). Although therapeutic
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use of IFNB seems viable given that downstream signallingwayis are intact in BECs (Wark
et al. 2005), the reasons behind the epitheliatigeicy in IFN production have not been fully
clarified yet. Indeed, the picture is complicateg the fact that many factors important in
asthma such as TNér{Subauste et al. 1995), EGF (Subauste & Proud)20@F{3 (Thomas
et al. 2009), IL-13 (Lachowicz-Scroggins et al. @Qlhave all been shown to promote HRV
replication. In particular, TGB-is also able to reduce IFN production. Therefdugther

studies are required to unravel the reasons behedsthmatic defect.

All this is pointing at the epithelium as the “cutfy and that intrinsic properties of the
asthmatic epithelium are responsible for the patyl Identifying the reasons behind these
characteristics of the epithelium is not straigifard, and no definitive explanation has yet
been proposed.

Therefore, there is the need to investigate furHiRY replication in bronchial epithelial cells,

and the mechanisms these cells use in defence.

1.2.2 Replication of HRV.

HRYV is a small non-enveloped virus belonging to thmily Picornaviridae, and it is
one of the major causative agents of common coldumans. The genome is composed of a
single stranded (ss) RNA molecule of positive pblagsee fig. 1-3). This means that the
genomic RNA also functions as template for tramshatIn fact, viral translation starts
immediately after entry, producing both structumatl non-structural proteins. The latter then
allow replication of the viral RNA that is eventlyahssembled into viral capsids and released
by cell lysis.
Cellular receptors for HRV are the intercellulahasion molecule 1 (ICAM-1) for the major
subgroup (to which HRV-16 belongs) and the low-dtgrgpoprotein receptor (LDLR) for the
minor subgroup (such as HRV-1B).
Once viral RNA has entered the host cell, the na@keribosome entry site (IRES) at the 5
untranslated region (5° UTR), allows translationtieé single open reading frame (ORF) that
encodes all viral proteins. Although a single pelptide is initially synthesised, it cleaves itself,
eventually producing different separate proteingralVproteases are responsible for this
maturation process. They are also able to cut t@stproteins. One of the latter proteins is
poly(rC) binding protein-2 (PCBP2) and its cleavdges been proposed to participate to the
switch between viral translation and replicatioall Fength PCBP2 is in fact necessary for viral
IRES-dependent translation and can also participateiral transcription. Cleaved protein

instead can participate only in the second pro@@ssera et al. 2007). This serves viral needs
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very well. Initially the few molecules of genomidNR that entered the cell are used to produce
viral proteins. Later on, once enough proteins hasen accumulated, more genomic RNA is
needed. This switch is then facilitated by viradtpases cutting PCBP2. By doing so, since the
cleaved form of PCBP2 can no longer sustain tréinslathey inhibit translation and favour
viral RNA transcription. The latter is performed Yiyal RNA-dependent polymerases that use
genomic RNA as a template. The first event for Ivigplication is synthesis of the minus
strand. It requires that the (+) viral RNA formdoaped structure, with proteins bridging the
opposite ends, which very interestingly resembles ihitiation of translation from cellular
MRNAs (Herold & Andino 2001). The double strandetiARR molecule (dsRNA) that is
therefore generated, constitutes the replicatine ftrF) so called because it allows synthesis of
more genomic RNA (Xiang et al. 1997). The latten ¢hen be used to produce more viral

proteins, more RFs or be assembled in viral cageidsing viral progeny (see fig. 1-7 A).

Structural genes Functional genes
51 | 13
VPg._| |1AI 1B | 1c | 1D | Prol | |VPgI Pro | Pol I—Poly(A)
Translation
Polyprotein

1ABCD | 2ABC | 3ABCD

Proteolytic maturation

|VP4I VP2 | VP3 | VP1 | 2A | 2BC |3AB| 3CD |

VPO |ZB| 2C |3A| | 3C | 3D |

fig. 1-3. Schematic representation of the organizetn of HRV genome.
The polypeptide that is at first synthesised undesgspontaneous self-cleavage. After this, the

viral proteases generated act on the rest of thgmiein, giving rise to the several independent
proteins iindicated.
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1.3 Innate immunity against viruses.

Vertebrates have developed several mechanismdar & preserve their own health.
Innate immunity against pathogens is possible thanlcellular pathogen-recognition receptors
(PRRs). Viral RNA molecules are recognized in mairanacells, mainly by two classes of
sensors: toll-like receptors (TLRs) and retinoiédanducible gene | (RIG-I)-like helicases
(RLHs) (Mogensen & Paludan 2001, Yoneyama & FUii@d7). In particular, replication of
HRV in bronchial epithelial cells has been showmadttivate pathways dependent on PRRs that
recognise dsRNA, namely TLR3 and melanoma difféaéon-associated gene 5 (MDAS) a
member of the RLH family (Chen et al. 2006, Hewsbal. 2005, Wang et al. 2009). In fact, as
mentioned above, large quantities of dsRNA accurautiaring replication of the virus, and
UV-irradiated virus, which is replication-deficiemtoes not activate such pathways. In addition,
a recent investigation showed that in primary hurB&Cs also RIG-I, the other RLH, is
required for the antiviral response. TLR3 seemiseideading the response, while expression of
the other two RLHs is strongly induced soon aftéedtion (Slater et al. 2010).

Upon ligand binding, these PRRs start a signaltagcade that activates key transcription
factors, NF-kB and IRF3 (see fig. 1-4) resultingtlie induction of several pro-inflammatory
cytokines (e.g. IL-8, TNFx, IL-6) and IFNs (type | and Il in BECs) (Onogucéi al. 2007,
Stark et al. 1998, Takeuchi & Akira 2007).

IFNs have been known for a very long time to bedrgnt in the antiviral innate
immune response. They signal through Jak-STAT paybkweliciting a series of host cell
responses that aim to prevent pathogen replicadiah limit its spreading to neighbouring cells.
Among the best characterised antiviral proteinsluaced by IFNs there are (Donnelly &
Kotenko 2010, Stark et al. 1998):

- dsRNA-dependent protein kinase (PKR), whose mdicefs a general inhibition

of protein synthesis; it is also able to bind dsR&l induce expression of IFNs

- 2'5-oligoadenylate synthetase 2-5 (OAS) whichdurats activate RNAse L that

cleaves ssRNAs

- Mx GTPase proteins that inhibit viral RNA replicati

Every action has a reaction, and viruses developham@sms to counter attack the
innate immune system. This is very common andlieigeved to confirm the importance of the
mechanism counterattacked. Some viruses act afirgtesteps of the host response. For
instance, NS1 of influenza virus (Garcia-Sastral.ef998) ands-3 of reovirus (Miller &
Samuel 1992) bind dsRNA competing with the PRRs esdlicing their activation. Other

viruses affect downstream components, for exanteptotease NS3-4A from HCV (Li et al.
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2005) cleaves MAVS blocking RLH signalling, whileopein V of SV5 blocks IFN signalling
by targeting STAT1 for degradation (Didcock et1£99).

Although the effectors just mentioned are well elsggrised, recently it has become
increasingly evident that microRNAs are also pdrithe antiviral innate immune system.
Because microRNAs are at the focus of this thesmpre detailed description of their biology

will follow.
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fig. 1-4. IFN induction and effector pathways.

During viral replication dsRNA molecules are formadich are bound by intracellular
receptors such as TRL3, RIG-I and MDA-5. Thesdadtdta signalling cascade that culminates
in the activation of IRF-3 and NF-kB that enter thecleus where they activate expression of
IFN-B and pro-inflammatory cytokines. IFflis secreted extracellularly and acts both on the
infected and neighbouring cells. IAN-binds the type | IFN receptor (IFNAR) that
phosphorylates STAT1 and STAT2. P-STATs bind togethnd in the nucleus induce the
expression of interferon-stimulated genes (ISGshas the antiviral effectors mentioned in the
text (PKR, Mx proteins and OAS).
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14



1.4 MicroRNASs.

1.4.1 General overview.

MicroRNAs (or miRs) are small (20-26 nucelotideshstoding single stranded RNAs
which regulate gene expression at the post-trgtgmmal level. MicroRNAs are involved in
many different biological processes such as dewedop, cellular differentiation and
maturation, apoptosis (Pedersen et al. 2007).

MicroRNAs are synthesised in the nucleus as a lorignary transcript, referred to as pri-
microRNA. The latter is cleaved by a nuclear comptentaining the protein Drosha and
referred to as a microprocessor (Gregory et al.42Q@e etal. 2003). The shorter RNA
molecule so obtained has a typical hairpin-looposdary structure, and constitutes the
microRNA precursor (pre-microRNA). This is transést into the cytoplasm through
involvement of a nuclear exporting protein, expehi (Yi et al. 2003). Here, the pre-miR is
bound by a complex that cleaves it further, anddgiethe mature microRNA. Such a
cytoplasmic complex contains Dicer, the enzyme thatually cuts the pre-microRNA. A
mature microRNA is not simply released in the clasm. Instead, it associates with other
proteins, forming a ribonucleoproteic (RNP) compkeown as micro-RNA-induced-silencing
complex (MIRISC). The latter is what effectivelygudates gene expression. Dicer is also
involved in “handing” the mature microRNA to pratsiof the miRISC (see fig. 1-6). These
include at least one member of the Argonaute (Agojily. Ago proteins have been shown to
be necessary and sufficient for microRNA activiBiv@as et al. 2005). Humans express four
different Ago proteins, numbered from 1 to 4 and2gs the only one that has been shown to
have hydrolytic properties (Meister et al. 2004).

Mature microRNAs modulate the stability and theeraf translation of their target mRNAs,
which they bind thanks to base-pair complementafityinteresting feature is that microRNAs
do not need to bind with their full sequence inesrth exert their effects. Although every base
pairing contributes towards stability of the dupléxe most important nucleotides are between
position 2 to 8 (from the 5’ end of the miR). Tlsscalled the “seed” region of a microRNA.
Typically, a microRNA binds to its target sequefme the target mMRNA) by forming base pairs
at its seed region, and then with a few more nticles at its 3’ end. Therefore, a bulge in the
middle of the microRNA:mRNA duplex is quite charxtstic of mammalian microRNAs (fig.
1-5). However, the whole microRNA sequence can bise pair with the target. This is most
common in plants, and it is also the case witHieigl SIRNAs. Only microRNAs that make a
perfect match with their target sequence and amgptexed with Ago2 induce direct cleavage of
target mMRNAs at the target sequence. In generag threy bind to a target mMRNA, microRNAs

can cause translational inhibition, induce degiadadf, or directly cut the target. It has been
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shown that microRNAs can indeed interfere with station at the initiation or elongation steps,
or promote cleavage of the newly synthesised prot@ther very common actions of
microRNAs are recruitment of de-capping or de-atktimg enzymes (fig. 1-6). Cap and polyA
are very important elements of mRNAs, and their aesh will eventually lead to mRNA
degradation. Thus, although most microRNAs binchwihperfect matches (not allowing a
direct cut of the target by Ago2), it is increadyngeing accepted that their predominant effect
is MRNA degradation (Esslinger & Férstemann 2009y €t al. 2010, Huntzinger & Izaurralde
2011). All these activities are actually carried oy proteins of the miRISC. In fact, Ago
proteins tethered to mMRNAs thanks to a microRNAemehdent mechanism can still regulate
translation (Pillai et al. 2004).

Not requiring a perfect match for their activityicnoRNAs with the same sequence can interact
with many different mMRNAs. This means that the egpion of different genes can be
modulated by microRNA molecules with the same segegein other words by the same
microRNA (Filipowicz et al. 2008). This however aifg that it is not straightforward to predict
which genes can be regulated by a specific microRINé for this purpose complex algorithms

have been developed.

1.4.2 Prediction of microRNA targets.

More than 900 human microRNAs have been charaetitia date. In order to predict
microRNA targets, several algorithms have been Idpeel, and are continuously updated,
based on details gathered from experimentally atdid examples. The aspects considered are
the complementarity between microRNA and target, skability of the duplex formed, the
conservation of the target sequence across ditfepaties (Maziere & Enright 2007), and site

accessibility (Kertesz et al. 2007).
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fig. 1-5. Schematic of microRNA:mRNA duplex.
MicroRNAs (miRNAs) interact with their mRNA targety base pairing. In animals, generally

this interaction does not involve the whole micrdRdequence. The most important portion of
the microRNA is between nucleotides 2 to 8. Thigioe is referred to as the “seed” region.
Prediction programs detect miR targets by lookimgdomplementarity with mainly the seed
region of a microRNA. Generally, at least 6 nudkbes belonging to the seed are needed in
order for the base pairing to be considered stramgugh. In addition, an A residue on the
MRNA (corresponding to position 1 of the miRNA) aardA or U at position 9 improve the site
efficiency even if they do not base pair with miRNWcleotides. Finally, some degree of
complementarity is often present at the 3’ portibthe microRNA. Therefore a bulge is typical
of most microRNA:mRNA interactions.

MaturemiR Ago miRNA effector complex

[ S~ (miRISC)

Dicer \
Ago2

® AAAAA

Primary transcript
(Pri-miR)

Full complementarity
(Ago2) endonucleolitic cleavage
(other Agos) Translational repression / de-cappidg-adenylation

Nucleus /A /\
vo AAAAA

Partial complementarity
(all Agos) Translational repression / de-cappidg-adenylation

fig. 1-6. Schematic representation of microRNA biognesis.
Mature microRNAs associate with proteins formingc@mplex referred to as microRNA-

induced Silencing Complex (miRISC). Essential cormgras of miRISCs are Ago proteins,
which are able to affect translation of the micrdRkarget. In humans there are four Ago
proteins. All associate with microRNAs. However|yoAgo?2 is able to catalyze the cleavage of
the target when there is perfect complementaritiyvben microRNA and target sequence.
When instead the complementarity is not perfectarttie other Ago proteins are involved, the
MIiRISC either exerts translational repression opadirs the stability of the target (de-
adenilation or de-capping of mMRNAS).
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1.4.3 MicroRNASs in immunity.

Being part of the mechanisms that cells use inrotdeegulate and fine tune gene
expression, it is not surprising that microRNAs waidely involved in many different biological
processes such as development, cellular diffet@rtiiaand maturation or apoptosis. For the
same reasons, their deregulation perturbs genessipn, causing several pathologies and their
involvement in cancer highlights their importanoeriormal cell function (Garzon et al. 2009).
A few examples will follow regarding innate immunand lung.

For instance, in macrophages, three microRNAs Hzen shown to participate in
pathways already mentioned. LPS, a TLR4 ligandsesawp-regulation of miR-155 (O’Connell
etal. 2007) but down-regulation of miR-125b in marmacrophages (Tili etal. 2007). As
expected by their opposite regulation by LPS, i microRNAs have opposite effects on the
expression of TNF, which is released after LPS treatment. MiR-15pregsion has been
shown to increase TN&-production, while miR-125 expression caused itgicgon (Tili et al.
2007). In fact, often microRNAs are used by cellsreéinforce or further regulate their
responses, and this often involves targeting afidiotng molecules. For instance miR-146a/b
contributes to the normal inflammatory responsestnarobably by preventing excessive
inflammation. The microRNA indeed, targets IRAK1, ahd TRAF6, signalling proteins
downstream of PRRs (Taganov et al. 2006). In amditmiR-155 has a central role during
dendritic cell maturation. It causes down-regulatd$ a transcription factor (PU.1) that drives
changes associated with cell activation (Martinem®¥ et al. 2009).

The expression of microRNAs is highly regulatedimgiiung development (Williams
et al. 2007), both in human and in mouse, suggestm important role during this process
(Tomankova et al. 2010). Deletion of several mid¥dR is lethal, and miR-155 deficient mice
showed impaired immune responses in addition tgduwith evident airway remodelling
(Rodriguez et al. 2007).

MicroRNAs have also been proposed to contributadiopathic pulmonary fibrosis (IPF).
Members of the Let-7 family favour epithelial-meskymal transition in lung epithelial cells,
while miR-155 and miR-29 have pro-fibrotic effestdibroblasts (Pandit et al. 2011).

Most of what has been done regarding asthma, iegomouse models of allergen induced
disease. miR-126 and miR-21 have been shown topbegulated after allergen exposure
favouring Th2 cytokine release (Mattes et al. 2008R-21 was also shown to be up-regulated
by IL-13 and to contribute to establishing a Th2okine profile by targeting IL-12 (Lu et al.
2009). IL-13 is also able to down-regulate miR-188anouse bronchial smooth muscle cells,
and this in turn causes increased expressed of RlaoArotein implicated in airway

hyperresponsiveness (Chiba et al. 2009).
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Recently, a microRNA array has been performed Wity biopsies from both asthmatic
patients and healthy people, showing no differgiWgdliams et al. 2009). However, biopsies
include all the different cell types in the airwasall, from infiltrating leukocytes to smooth
muscle cells. The same authors in fact, proposentieroRNA expression shows strong cell
type-specific differences, but they did not usenamy human samples to analyse this further.

Therefore, this matter still requires further invgation.

1.4.4 MicroRNAs and viruses.

Intriguingly, in organisms that lack the IFN systesnch as plants and invertebrates,
microRNAs and microRNA-related pathways (in geneefkrred to as RNA interference)
constitute the main antiviral system.

In these organisms, dsRNA molecules formed durirgg veplication, are bound and processed
by Dicer proteins. This generates siRNA molecutpgcific against the virus (Ding et al. 2004,
Saumet & Lecellier 2006). From the structural pahtview, there is no difference between
microRNAs and siRNAs. The only difference is initharigin: endogenous for microRNAs,
exogenous for siRNAs. As a matter of fact, bothoeisge with effector Ago proteins and,
depending on their degree of sequence homologp, lete the same effects on target RNAs.
Hence, these siRNAs produced by Dicer during virtdction, allow host cells to degrade the
genome of the invading virus. Moreover, spreadifighe infection is efficiently prevented,
because many more copies of these antiviral siR&tAgapidly synthesised inside the infected
cells, and distributed to the other cells of thgamism. Besides this, plants adopt also their own
microRNAs in order to fight back viral infectionadchanging the amount of such microRNAs
affects viral replication (du Lu et al. 2008).

The importance of this microRNA-based immunitytiesgthened by the fact that many viruses
have evolved specific counter defences. In faety #ixpress viral suppressors of RNA silencing
(VSRs) that disrupt microRNA activity. In fact, mMio¥SRs are proteins that inhibit RNA
silencing by competing with Dicer for the precurdsRNAs and pre-miRs, and also the mature
microRNA can be sequestered by VSRs (Li & Ding 2006

It is not surprising that VSRs are very commonlanpand invertebrate viruses, considering the
extraordinary role that RNA silencing plays in themtiviral defence.

Viruses and cellular RNA interference pathways deeply intertwined also in mammals,
although they have evolved the IFN system whichea$ier described, can be elicited by viral
dsRNAs. It has been proposed that the IFN systesnbkan evolved as an alternative to the
dsRNA-induced RNA silencing. However, microRNAs set® have kept antiviral functions
also in mammals. Both viruses and host cells i &2qress microRNAs that play a role during

viral infection. Viruses can be specifically andedily targeted by either artificial SIRNAs or
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cellular microRNAs, hampering viral replication. Moaver, mammalian viruses encode VSRs,
reinforcing further the idea that microRNAs havdiaral roles in higher vertebrates (Li &
Ding 2006). For instance, ADV (Adenovirus) expresséAl, a non-coding RNA that
specifically blocks microRNA biogenesis by bindingth Dicer and exportin-5, both molecules
important for microRNA biogenesis (Lu & Cullen 2Q0BICER-deficient murine macrophages
have been shown to be more permissive to VSV (¥akui Stomatitis Virus) than wild type,
albeit they showed no difference in type | IFN protibn (Otsuka et al. 2007). Dicer expression
has also been shown to hamper replication of inflaeA (Matskevich & Moelling 2007).
Cellular microRNAs have been shown to have diretivaal activity against retroviruses such
as HIV (Triboulet et al. 2007) and PFV-1 (Lecellieral. 2005). In response, both viruses
express VSRs, Tat and Tas, respectively. HCV ex@iagphow microRNAs can influence viral
tissue tropism and work either in favour or agawistises. In fact, miR-122, a liver-specific
micro-RNA was able to facilitate HCV replicatiorofling et al. 2005). Intriguingly, IFN8-has
been shown to down-regulate miR-122, and up-regula¢ expression of a series of micro-
RNAs with sequence-specific anti-HCV activity (Pes#m et al. 2007).

Viruses also make use of microRNAs both from vimahost cell origin, targeting cellular genes
but also viral genes. For instance, SV-40 (Simiansv40) encodes and expresses a microRNA
that targets one of its genes, the large T antigéis does not reduce viral production but
reduces the activity of cytotoxic T cells againstected cells (Sullivan et al. 2005). HSV-1
(Herpex Simplex Virus-1) expresses instead a mitl@Rnamed miR-LAT) during the latency
period that by targeting the T@-pathway has anti-apoptotic effects (Gupta et@D62. VSV
instead, uses a cellular microRNA to its own adaget In fact, it up-regulates miR-146a
which, as already mentioned, attenuates PRRs Bignarherefore by up-regulating miR-146a,
VSV reduces the host’s antiviral immunity (Hou et2909).

The idea that microRNAs contribute to shape tigsapism of viruses is increasingly being
accepted. MicroRNAs can influence in which tissapd cells viruses are able to replicate. For
instance, the case of miR-122 and HCV together wittew investigations based on ectopic
expression of microRNAs confirms this (Brown et2006, Kelly et al. 2008, Perez et al. 2009).
As a consequence of microRNAs being an importamt@frthe innate immunity, it is expected
that changes in microRNA expression have the palewotinfluence viral replication in natural
occurring infections.

Considering the many examples of antiviral microRNAeported so far, it is
conceivable that also HRV is susceptible to reguiaby microRNAs. If this were true then, it
would be possible that the lung of asthmatics, angbarticular the bronchial epithelium,
presents a pathological microRNA profile that helfpsnovirus to replicate more. This

possibility has not yet been investigated.
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Although it has been shown that artificial SIRNA&r able to inhibit HRV-16 replication
(Phipps etal. 2004) in a plague forming assay (eynpy HelLa cells), the involvement of
microRNAs in cellular responses to HRV infectiors Imot been investigated yet.

In conclusion, differences in microRNA expressiauld contribute to the aberrant
characteristics of the asthmatic epithelium thaenseto be responsible for both the

pathophysiology of asthma and the response toregspy viruses.

1.5 Hypothesis

We hypothesised that:
1) microRNAs are able to regulate HRV replication mrichial epithelial cells, via either
direct (see fig. 1-7 B) or indirect mechanisms.
2) microRNAs are differently expressed in asthmatanihial epithelial cells compared to

healthy cells, contributing to asthmatic hallmaokshis cell type.

This project aims to address a role for microRNAghe cellular antiviral innate response,
focusing on HRV infection of bronchial epitheliadlls. In particular, the project aims to address
a role for anti-HRV microRNAs, in the different eoime of HRV infection of cells from

asthmatic and healthy subjects.

The objectives are to:
1) Identify cell models in which HRYV replicate differgy.
2) Show that HRV replicates more efficiently when raRNAs are less abundant.
3) Apply these findings to human BECs, the model thatild provide the link to asthma
exacerbations.
4) Identify which microRNAs are differentially express in asthmatic and healthy
HBECs, and to show that changes in such microRNAsahle to affect properties of

asthmatic BECs and modulate HRV replication.
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fig. 1-7. HRV RNA replication, and speculation abotantiviral microRNAs.
Schematic representation oA)( HRV life cycle and B) the hypothesis that microRNAs,
binding to the (+) HRV RNA, would hamper productiof viral proteins and hence the
production of new genomic RNA.
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Chapter 2
MATERIALS AND METHODS.
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2.1 List of Reagents

Antibody anti-Ago2, clone 11A9 (rat IgG2a) availalitom Ascenion (Rudel et al. 2008).
Antibody normal rat IgG cat.n: sc-2026, Santa Gnatechnology, inc.

Anti-miR™ miRNA Inhibitors - hsa-miR-106b, cat.nM4.0067, Ambion

Anti-miR™ miRNA Inhibitors - hsa-miR-128, cat.n: AM 746, Ambion

Anti-miR™ miRNA Inhibitors - hsa-miR-155, cat.n: ANM601, Ambion

Anti-miR™ miRNA Inhibitors - hsa-miR-18a, cat.n: AM973, Ambion

Anti-miR™ miRNA Inhibitors - hsa-miR-19b, cat.n: ANd629, Ambion

Anti-miR™ miRNA Inhibitors - Negative Control cat.f, cat.n: AM17010, Ambion

BSA (Bovine Serum Albumin), nuclease free, caB®001S, New England Biolabs inc. (NEB)
Complete Protease Inhibitor Cocktail Tablets, c&1469312400, Roche

Doxycycline hyclate>98% (TLC) cat.n: D9891-5G, Fluka, Sigma

EDTA Disodium Salt, cat.n: D/0700/53 C30, Thermshe&r Scientific Inc

FBS (Fetal Bovine Serum) heat inactivated, catlM:08-165, GIBCO, Invitrogen
Glycogen 20mg, cat.n: 10901393001, Roche

High Capacity cDNA Reverse Transcription Kit, ca#374967, Applied Biosystems

MEM with Glutamax I, cat.n: 41090-028, GIBCO, Imaigen

MgCI2 (Magnesium chloride hexahydrate) cat.n: M23%ig§ma

NaCl for molecular biology, cat.n: 71376-1KG, Sigma

NaHCO3 (Sodium bicarbonate) solution 7.5%, cat8¥&3, Sigma

Non Essential Aminoacids Solution 10 mM (100X) laju cat.n: 11140-050, GIBCO,
Invitrogen

Oligofectamine Transfection Reagent, cat.n: 1226P-Mvitrogen

PBS tablets, cat.n: 18912-014, GIBCO, Invitrogen

Pen/Strep 100x (Penicillin-Streptomycin, liquidat.oi: 15070-063, GIBCO, Invitrogen
Protein G Sepharose 4 Fast Flow, cat.n: 17-061&&lHealthcare

Proteinase K from Tritirachium album, cat.n: P23@81G, Sigma

QIAquick Gel Extraction Kit, cat.n: 28704, Qiagen

Recombinant human IL-13, cat.n: 213-IL-005, R&D teyss

Recombinant human TGF-bl cat.n: 100-21, PeproTéth L

Restriction enzymes used were purchased from Neylakd Biolabs (NEB)

RPMI Medium 1640 with GlutaMAX™-|, cat.n: 72400-0531BCO, Invitrogen

Sodium dodecyl sulphate (SDS) cat.n: S/5200/53 CIB&rmo Fisher Scientific Inc
sspDNA (sonicated salmon sperm DNA) “DNA, MB gradet. N: 11 467 140 001, Roche
SuperFect Transfection Reagent, cat.n: 301305,eQiag

TagMan Universal PCR Master Mix, No AmpErase UN&, it 4364341, Applied Biosystems
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TRI Reagent Solution, cat.n: AM9738, Applied Bidgyas

Tris hydrochloride solution (Tris HCI, 1M pH 7.5)atn: BPE1757-500, Thermo Fisher
Scientific Inc

Tryptose phosphate broth solution, cat.no: T81%$n&

Water, Ultrapure DNAse/RNAse-Free distilled watat.n: 10977035, Invitrogen

2.2 Cell culture (growth media).

All cells were cultured at 37°C in a humified 5% QO@cubator.

Hela cells at high passage number (>50) were catiun:

Dulbecco's Modified Eagles Medium (DMEM, Gibco),pplemented with 10% (v/v) heat
inactivated foetal bovine serum (FBS), 50 IU/ml igéiin, 50 mg/ml streptomycin, 2 mM

L-glutamine.

Hela cells at low passage number (<50) were cutture

MEM with Glutamax | (GIBCO) supplemented with 10%\) heat inactivated foetal bovine
serum (FBS), 50 IU/ml penicillin, 50 mg/ml streptpem.

THP-1 and BEAS-2B cells were cultured in:

RPMI medium with Glutamax | (GIBCO) supplementedhani0% FBS.

2.3 Generation of THP-1-derived macrophages
(THP1IM ®).

4 x 10 THP-1 cells/ml/well were seeded in 12-well platesdifferentiation medium: RPMI
with Glutamax 1, supplemented with 5% FBS and 200Rkbrbol 12-myristate 13-acetate
(PMA). 24 hours later, the medium was replaced witbwth medium: RPMI medium with
Glutamax | (GIBCO) supplemented with 5% FBS. ThePIN® so obtained were finally

infected with HRV-1B 24 hours later (48 hours afteeding in differentiation medium).

2.4 Culture of primary human bronchial epithelial cells
(BECs)

BECs culturing mediunBronchial Epithelial Medium BEGKR
It is prepared by adding the following components500 ml of BEBM Basal medium
(Cambrex cat.n. CC-3171): 0.5 ml Hydrocortison&, il Retinoic acid, 2 ml Bovine pituitary

extract, 0.5 ml human recombinant epidermal gro¥abtor, 0.5ml Epinephrine, 0.5 ml
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Transferrin, 0.5 ml Gentamycin sulfate amphoterBjr0.5 ml Trllodothyronine (T3), and 0.5

ml Insulin.

BECs starvation mediunBEBM basal medium (Cambrex cat.n. CC-3171) suppfeetewith
0.1% (w/v) Bovine Serum Albumin (Sigma cat.n. A3R5B% (v/v) ITS (Sigma cat.n. 13146)

Primary human BECs were obtained and plated otitaiyed researchers and technicians from
the Brooke Laboratories, following a well-estabéidh protocol, briefly described here.
Bronchial brushings from asthmatic patients andthgaolunteers were placed in 5 ml sterile
PBS. In sterile conditions, 5 ml RPMI 1640 supplated with 2 mM L-Glutamine, 25000 units
Penicillin G Sodium and 25 mg Streptomycin sulphated 20% Fetal Bovine serum were
added. The cells shed in the medium were thenifigygd for 5 minutes, at room temperature
at 167 x g. The cell pellet was then resuspendédnim of BEGM'. Cells were passed through
a Disposable Needle (0.6x25 23G NHS supplies cBT.R266) with a disposable 5ml syringe
(NHS supplies cat.n. FWC306) and dispensed in egjiguiots into T25 tissue culture flasks,
precoated with Collagen | at 0.029 mg/ml for 30 mérs. Cells were incubated at’G7 5%
CQO, for about 1 week until confluent, when they weasgaged into collagen-coated T75 flasks
and cultured until confluent. Finally, the cells rwgpassaged again (p2=second passage) and

seeded into collagen-coated 24-well plates atlaleakity 0.2x10cells per well.
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Healthy

Patient Age | Sex % predicted PCy fig. 4-6and | fig. | fig.
ID FEV, (mg/ml) fig. 4-7 4-1 | 4-2
DS44 24 | M 103 17 \Y Y
DS50 27 F - 17 \Y \%
DS59 21 F 117 >8 \Y \Y
DS63 24 | M 83 - \Y \Y
DS87 20 F 101 >8 \Y v
Syn A64 | 20 F 96 - \Y} \Y;
SynA65 | 20 [ M 98 - \Y Y
Syn A70 | 22 F 119 - \% \%
SynA73 | 20 | M 102 - \Y; \Y;
SynA74 | 33 [ M 105 - V Y
SynA77 | 27 | M 110 - \% \%
Syn A79 | 22 F 126.7 - \Y \Y; \%
SynA92 | 21 F 90 - \Y} \Y;
Average 23.3 104.2
Asthmatics
Patient Age | Sex % predicted PCyo fig. 4-6 and | fig. | fig. | fig.
ID FEV, (mg/ml) fig. 4-7 4-1 | 42 | 4-8
BG088 | 60 | M 70 - \% \Y
BG110 | 44 F 82 - \Y \Y; \Y,
BG111 | 49 F 68 - V \Y \Y
BG113 | 56 | M 70 - \% \Y \%
BG157 | 41 F 80 - \Y;
BG169 | 47 F 91.4 - \% \Y
BG189 | 41 F 109 - \% \Y
DS45 64 F 69.3 - \% \Y;
DS52 36 F 95.5 0.42 \Y \% \%
DS53 42 | M 68.7 1.69 \% \%
SynB33| 23 [ M 103 - \Y} \Y;
SynC25 | 52 F 102 1 \Y; \%
SynC43 | 30 F 110 2.07 \Y \%
Syn D13 | 24 F 58 - \Y \Y; \Y
VK009c | 23 F 87.8 - V
DS47 27 F 102.9 17 \Y,
Average 41.2 85.5

table 2-1. Characteristics of BECs donors.

Also indicated are the samples that were spedyicaled for each figure.
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2.5 Propagation of HRVSs.

HRV-1B was a gift of Dr. Nicole Bedke (Brooke Lahtries, School of Medicine,
Southampton). HRV-16 was a gift of Dr. Jens Madé&chool of Medicine, Southampton).
HRV-1B was grown on HelLa cells at low passage nur(¥®0) while HRV-16 was grown on
Hela cells at high passage number (>50). This réiffee is due to the fact that higher titre virus
was obtained this way for both viruses (personairaanication, Dr. Nicole Bedke and Dr. Jens
Madsen). However, both viral stocks were prepaoddwing the same protocol.

HelLa cells were grown in the appropriate growth e up to around 70-80% confluency.
Cells were washed once with HBSS (GIBCO) and théRVHwas added together with
additional infection medium (see table 2-2 for voks and composition of infection medium
used). The cell culture vessel was then kept amro®mperature on a plate rocker at 30
oscillations per minute (o0.p.m.) for 1 hour. Suhssgly, more infection medium was added
and finally the cell culture vessel was incubate832C (in a humidified incubator, in air with
5% CQ) for 16-24 hours. After performing three cycles foéeze-thaw at -80°C, the
supernatant (containing the virus) was recoverelli debris were removed by centigugation at
800xg at 4°C and used to inoculate more HelLa cEls. virus was amplified according to this
procedure for 4 passages, diluting the virus-cairigimedium 1:4 with infection medium, and
using bigger sized flasks at each passage. Firtalyyirus containing medium was centrifuged
at 800xg at 4°C and then filtered through a |2 syringe filter, in order to remove as much

cell debris as possible. The viral suspension saildd was then titrated by TCID50 assay.
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. . Final volume
Infection Infection of infection
Flask Virus medium added | medium added medium in
at inoculation after rocking flask
as
T25 1ml 1ml 2ml ami
T75 2ml 2ml 4ml 8ml
T175 5ml 5ml 10mi 20mi
Infection medium
MEM with Glutamax | for HRV-1B 500m|
DMEM with L-glutamine for HRV-16
HEPES (1M — Sigma HO887) aml
NaHCG; solution 7.5% (Sigma S8761) 5ml
Tryptose phosphate broth solution (Sigma T8159) 120m
MgCl, (3M — from powder, filter-sterilised) 5ml
Non Essential Aminoacids 100x (GIBCO 11140-050) 5ml
Pen/Strep 100x (GIBCO 15070-063) 5ml
FBS (GIBCO 10108-165) 20ml (4% final concentratioh)

table 2-2. Dilutions and medium composition for prparation of virus stock.

2.6 TCID50

Tissue culture infectious dose, at which virus ipks$ will infect 50% of cells (TCID50) were
determined by limiting dilution in 96 well platesdicalculated by using the Spearman-Karber
formula. HelLa cells at high passage number (>50eveeltured until confluent. Cells were
detached by trypsin treatment, diluted at Px&6lls/ml and then seeded in 96-well plates
(200ul/well=2x10" cells/well) and incubated at 37°C, 5% LC@fter three hours, medium was
replaced with 18Qul/well of DMEM infection medium (DMEM supplementegith 2% (v/v)
heat inactivated foetal bovine serum (FBS), 50 Igamicillin, 50 mg/ml streptomycin, 2 mM
L-glutamine). A 10-fold serial dilution was thenrfiemed (in 20@u/well final volume) directly

in the 96-well plate. After 1 hour at room temparaton plate rocker (30 o.p.m.), cells were
incubated at 37°C, 5% GCor 5 days. Subsequently, live cells were staibgdadding
50ul/well of crystal violet staining solution (0.13 wetrystal violet, 5% v/v formaldehyde, 5%
ethanol in 1x PBS). Plates were then incubated3@minutes in the dark. Wells were then

washed with tap water and air dried.

30



Formulae used to determine TCID50 and MOI for itifets:

TCID50= [10 ~ 090,18 m

where:

| = Log,, of lowest dilution (highest concentration of virgenerally -1)

d = Logo difference between successive dilutions

s = number of wells fully or 50% covered by livéa{eed) cells/number of wells

in each row

1 multiplicity of infection (MOI of 1) is definedsaa cell culture condition where there is 1
infectious virus particle per cell.

MOI = number of infectious virus particles/numbércells

Being TCID50= number of infectious virus particlas/

MOI=(TCID50 x ml)/number of cells

and

ml = (MOI x number of cells)/TCID50

Following this protocol, the TCID50 of the HRV-1Bosk obtained was determined to be 1.7 x
10°/ml. This value was used to calculate the MOI ufedall the infections performed, after

determining the cell number/well.

2.7 Infections with HRV-1B.

2.7.1 HelLa cells and THP1M®D.

Infection medium for HelLa cell©MEM supplemented with 2% (v/v) heat inactivateetal
bovine serum (FBS), 50 IU/ml penicillin, 50 mg/neptomycin, 2 mM L-glutamine.

Infection medium for THP1i RPMI with Glutamax | supplemented with 2% FBS.

HeLa cells were grown until confluence, detachedtdypsin treatment and seeded af 10
cells/ml/well in 12 well plates. 16 hours lateryhgere infected with HRV-1B at MOI of 0.1 or
0.01. THP1MP were obtained as described previously and infegidtdHRV-1B at MOI of 0.1
or 0.01.

In both cases, before infection, the cells pregemivo wells were counted using an improved

Neubauer 0.1 mm hemocytometer. Cells were detabhddypsin treatment and re-suspended
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in Iml/well. The cell count/well, obtained as a me&d the cell count from two wells, was used
in the formula previously reported, in order tadfiout the volume of virus suspension necessary
for an MOI of 0.1. The latter was then diluted ifieés and used to infect cells at an MOI of
0.01. All the necessary dilutions were done udhegappropriate infection medium.
Cells to be infected were first washed with 1mliveéIHBSS (GIBCO), and then 2Q0well of
the virus suspension at the appropriate dilutios added. The plates were then incubated at
room temperature, on a plate rocker (30 o.p.m.pfar hour. At this point, residual virus was
removed and cells were washed as above. Theny éithiéwell infection medium was added,
or cells were harvested (0 hours post-infectionpgi$0Ql/well of TRI-Reagent (Ambion).
Plates were then incubated at 37°C, 5%.C3amples were then collected at the indicated time
point as follows:
1) supernatants were collected and kept on ice untiéd at -80°C
2) cells were washed with 1ml/well HBSS and then hstee in 50Ql/well of TRI-
Reagent (Ambion). The lysates were incubated atréamperature for 10 minutes,
vortexed briefly and stored at -80°C until furtipeocessing.
Time points are indicated as hours post-infectjah (Note that O hours pi is immediately after

the 1 hour-incubation at room temperature on thteplocker.
2.7.2 BEAS-2B cells.

Starvation / infection medium for BEAS-2BPMI with Glutamax | supplemented with 2%
FBS.

BEAS-2B cells were infected as described for Hedlésdut cells were seeded in 24-well plates

and 24 hours prior to infection, growth medium weglaced with starvation medium.

2.8 SsiRNA transfections.

A negative control siRNA and an amiCER siRNA were purchased from Ambion (Silencer®
Select Validated siRNA) see table 2-3 for more itketa

sense strand sequence antisense strand sequence

Ambion siRNA 1D (5'-3' sequence) (5'-3' sequence)

$23754
(Anti-DICER)

Negative control #2
(Catalog #: 4390846)

table 2-3. Details of the anti-DICER siRNA used (Aplied Biosystems)

GAUCCUAUGUUCAAUCUAALtt | UUAGAUUGAACAUAGGAUCga

Not provided Not provided
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2.8.1 Transfection of THP1M®.

THP-1 cells were resuspended in plain RPMI at Sxdlis/ml and were seeded in 12-well
plates using 0.8 ml/well (4xXCcells/well). The negative control siRNA and tB¢CER1-
targeting SiRNA were transfected using Oligofectaami(Invitrogen) according to the
manufacturer’s protocol. For each well transfectkd,following quantities were used: QRof

50 pM siRNA were diluted in 80ul of plain RPMI. In a different eppendorf,ub of
Oligofetamine were added to 20 of plain RPMI mixing well by pipetting severahies. The
tubes were left for 5 minutes at room temperatane, then the contents were mixed together by
pipetting. After 20 minutes at room temperature, ttixture was finally added to the cells (100
ul/well giving a final siRNA concentration of 10nMT.hree hours later, 100/well of 2uM
PMA-containing FBS (10ul of 200uM PMA/ml of FBS) was added. Cells were further
incubated overnight at 37°C, 5% & @fter which the medium was replaced with 5%FB$IRP

and then treated as previously described for iifeatith HRV-1B.
2.8.2 BEAS-2B transfection

Transfections of SiRNAs.

BEAS-2B cells were seeded at 0.75 X &6lis/well in 24-well plates. 24 hours later, théture
medium was replaced with 20@well of growth medium. For each well to be trasctkd, 1.4l

of Oligofectamine were diluted in iDof plain RPMI and mixed by pipetting. In a segara
eppendorf 0.8 of 50uM siRNA were diluted in 40l of plain RPMI and mixed by pipetting.
The eppendorfs were left at room temperature. ABeminutes, the contents of the two
eppendorfs were mixed together by pipetting andaiefoom temperature. 20 minutes later, the
mixture was mixed again by pipetting and dispensadthe cells (5@l/well giving a final

concentration of siRNA of 30 nM). The following délye medium present in the wells was

replaced with fresh starvation medium. BEAS-2B<wiere transfected every 36 hours (3 days)
following the protocol just described. This reqdirthat 48hours post-transfection cells were
detached by trypsin treatment and seeded at thsitgarsed earlier. The day after the last
transfection medium was replaced with starvatiomioma rather than growth medium. Cells

were then infected with HRV-1B 24 hours later @tat, 48 hours after the third transfection).

Transfections of antimiRs.

Transfection was performed using INTERFERIn, asomewended by the manufacturer’s
protocol. BEAS-2B cells were seeded at 0.75 Xciis/well in 24-well plates. 24 hours later,
the culture medium was replaced with fb@®ell of growth medium. For each well to be

transfected, 1{4 of 50uM antimiR were diluted in 190 of plain RPMI and mixed by
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pipetting. Immediately after, 4 of INTERFERiIn were added and mixed by pipettifidne
eppendorfs were then left at room temperature. 2ites later, the mixture was mixed again

by pipetting and dispensed on the cells (u0@ell giving a final concentration of antimiR of

100 nM). The following day the medium present ia tells was replaced with fresh starvation

medium. Cells were therefore either infected witRVH1B or treated with TGIB-

2.8.3 Transfections of BECs

BECs had been seeded in 24-well plates as desqibetbusly.

Oligofectamine was used on BECs as optimized on BEAS-2B. Ag#ia,dquantities reported
refer to each well. When cells reached about 80%flwence, BEC culture medium was
replaced with 20@l/well of fresh BEGM. 1.5l of Oligofectamine were diluted in uDof plain
RPMI and mixed by pipetting. In a separate eppdn@ddisul of 50uM siRNA were diluted in
40ul of plain RPMI and mixed by pipetting. The epperidavere left at room temperature.
After 5 minutes, the contents of the two eppendadse mixed together by pipetting and left at
room temperature. 20 minutes later, the mixture me®d again by pipetting and dispensed on
the cells (5Ql/well). 24 hours later the medium was replacechv@it5ml/well of BEGM. 24
hours later (48 hours after transfection) cellsevdetached by trypsin. Trypsin activity was
stopped by adding 10% DMEM. Cells were spun dowrsuspended in BEGM and t/%vas
seeded in wells pre-coated with Collagen | (at 9.08g/ml for 30 minutes). Next day

transfection was repeated as above.

2.9 RNA extraction and RT-gPCR

RNA was extracted with TRI-Reagent (Ambion) usifi@d/well for 12-well plates or
30Qui/well for 24-well plates. RNA purification was germed according to the manufacturer's
protocol. Briefly, cells were lysed in TRI-Reageantd lysis was helped by passing the lysate
several times through the pipette tip. Lysates weoHected in RNAse-free eppendorfs,
incubated for roughly 10 minutes and then eithecessed straightaway or stored at -80°C until
further use. Chloroform was then added in the nmeasii20% compared to the volume of TRI-
Reagent used. Samples were then mixed thoroughliptigxing for 15 seconds, incubated for
5 minutes and then centrifuged at top speed inngtbéop centrifuge at 4°C for 20 minutes.
This separates the organic phase, containing DNApaoteins, from the aqueous phase which
contains the total cellular RNA. The aqueous pludssach sample was then carefully collected
using RNAse-free filter tips, and transferred irftesh RNAse-free eppendorfs. i of

glycogen were then added to each sample to hehgimisualiation of the precipitate in the next
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step. RNA was precipitated by adding isopropanoth@ measure of 50% compared to the
amount of TRI-Reagent used. Samples were vortesed5 seconds and then incubated at -
20°C for at least 20 minutes. The precipitated Rh&s then collected by centrifugation at top
speed (13000rpm = 15000xg) in a bench top cenwiaigt°C for 30 minutes. The supernatants
were discarded while the precipitated RNA was wedheadding 1ml of ice-cold 75% ethanol
(v/v in water). Samples were centrifuged as beffme 10 minutes. After discarding the
supernatant, the pellets were allowed to air-dny tamally they were re-suspended in RNAse-
free water (GIBCO) generally R0 or 3Qul for samples from 12-well or 24-well plates
respectively.

RNA samples were quantified using the spectrophetenNanodrop 1000 (Thermo Scientific).
Briefly, after starting the instrument and settthg blank with milliQ water, as little aguPof
each sample are read at the spectrophotometer wbiéiseare calculates and displays the RNA
concentration. The Nanodrop measures the absorpficthe sample between the instrument
pedestals over a range of light wavelengths. FoA RNantification, this range goes from 220
to 350 nm (UV light). The concentration of nucleicids is proportional to the absorption at
260nm (Aeg. RNA concentration (ngl) is therefore calculated by multiplying this valby
40. Moreover, the ratiosA/A2s and Asy/Ao3g give a measure of the purity of the preparation,
compared to the presence of proteins or otheruesidThe RNA purified using the protocol
described had always,&/A.g, ratios between 1.7 and 2 whilgghlA 3 ratios were between 1
and 2, values widely accepted as a measure of guoality RNA for RT-gPCR.

Reverse transcription reactions (RT) were performsithg the same amount of RNA for all
samples. Complementary DNA (cDNA) of total celluRINA was used to quantify expression
of protein-encoding genes (such as GAPDH) by gP&IRh cDNA was obtained by reverse
transcription, using the High-Capacity cDNA Revefganscription Kit (Applied Biosystems
part number: 4368813) with random hexamers as psinMicroRNA RT-gPCR was performed
using Tagman microRNA assay kits from applied bstsys (part number: 4427975) that
contain a specific RT primer and Tagman gPCR pismand probe necessary to quantify
expression of a specific microRNA (see table 2+5réxipes and amount of RNA used). In both
cases, the cDNA obtained was used to perform gP€RydagMan® Universal PCR Master
Mix, No AmpErase® UNG (Applied Biosystems part namnb4364341) on a 7900HT Real-
Time PCR machine (Applied Biosystems) with the dead Tagman thermal cycling conditions
(table 2-6).

Fold differences in gene expression were calculatgidg the comparative Ct method for
relative quantification (Livak & Schmittgen 2001).

For more information about the primers used sele 4.
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Gene Company Type of Part n. Assay ID
assay
COL1A1 Applied Biosystems Tagman 4331182 Hs00164004_m]
COL1A2 Applied Biosystems Tagman 4331182 Hs01028956_m]
CCL26 Applied Biosystems Tagman 4331182  Hs00171146 m]
DICER1 Applied Biosystems Tagman 4331182  Hs00229023 m]
EIF2C2 (AGO2) | Applied Biosystems Tagman 4331182  Hs01085579 mj]
GAPDH Applied Biosystems Tagman 4352934
HRV-16 Primer design Tagman
HRV-1B Primer design Tagman
IFNB1 Primer design Perfect prohe
IL13RAl Primer design Tagman
PU.1 Primer design Tagman
SMAD?2 Applied Biosystems Tagman 4331182 Hs00183425 m]
TGFB1 Applied Biosystems Tagman 4331182  Hs00998133 m]
TGFB2 Applied Biosystems Tagman 4331182  Hs00234244 m]
TGFB3 Applied Biosystems Tagman 4331182 Hs00234245 m]
SERPINE1 Applied Biosystems Tagman 4331182 Hs01126606_m!]
SOCs1 Applied Biosystems Tagman 4331182  Hs00705164 sl
IL8 Applied Biosystems Tagman 4331182  Hs99999034 m]
microRNA Type of Assay name
(miRBase name) assay (on tube) Assay ID
hsa-miR-106b Tagman hsa-miR-106b 000442
hsa-miR-128 Tagman hsa-miR-128a 002216
hsa-miR-140-5p Tagman mmu-miR-140 001187
hsa-miR-142-3p Tagman hsa-miR-142-3 000464
hsa-miR-155 Tagman hsa-miR-155 002623
hsa-miR-16 Tagman hsa-miR-16 000391
hsa-miR-18a Tagman hsa-miR-18a 002422
hsa-miR-19b Tagman hsa-miR-19b 000396
hsa-miR-30a Tagman hsa-miR-30a-5p 000417
hsa-miR-34a Tagman hsa-miR-34a 000426
hsa-miR-93 Tagman mmu-miR-93 001090

NB: All tagman microRNA kits have the same part numBéP7975

table 2-4. Details about primer and probes used foRT-qPCR.
Note that the sequences were not provided by theifaeturer.
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Random hexamers microRNA
reverse transcription reverse transcription
10x RT buffer 1.00 | 10x RT buffer 0.74
25x dNTPs (100mM tot) 0.4p | 25x dNTPs (100mM tot) 0.0p
10x Random primers 1.00 | 5x specific primer 1.5'
RNAse inhib. (Ambion 20Udl)  0.50| | RNAse inhib. (Ambion 20Udl) 0.10|
Multiscribe (RT enzyme) 0.5p | Multiscribe (RT enzyme) O.5|)
water 2.04
RNA (200ng) + water 6.60 | RNA (2 ngful) 2.50|
total 10.00| | total 7.50|
gPCR microRNA gqPCR
gPCR mastermix (2x) 2.5D | gPCR mastermix (2x) 2.9
primers and probe (20x) 0.45 | primers and probe (20x) A5
water 1.00] | water 1.90
1/10 diluted cDNA 1.25| | undiluted cDNA 0.35
total 5.00| | total 5.004

table 2-5. Reverse transcription and qPCR recipes.

Reverse transcription thermal cycling conditions +andom hexamers
Stepl Step2 Step3 Step4
Temperature (°C) 25 37 85 15
Time (minutes) 10 120 5 hold

Reverse transcription thermal cycling conditions -microRNA
Stepl Step2 Step3 Step4
Temperature (°C) 16 42 85 15
Time (minutes) 30 30 5 hold

gPCR thermal cycling program (for any tagman assay)
Temperature (°C) Time  Function

95 10 min Denaturing and enzyme activation
Cycle for 95 15sec  Denaturing
(40 cycles) 60 1 min  Annealing/extension/data collection

gPCR thermal cycling program (for perfect probe asays)
Temperature (°C) Time  Function

95 10 min Denaturing and enzyme activation
Cycle for 95 15 sec Denatu_ring _
(40 cycles) 50 30 sec Anneal_lng / Data collection

72 15sec  Extension

table 2-6. Thermal cycling conditions for RT-gPCR
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2.10 AGO2 co-immunoprecipitation (co-IP)

2.10.1 Protocol

Only RNAse-free filter tips and eppendorfs weredudering this procedure.

All the buffers used and the optimised conditiohesen are summarised in table 2-7 and table

2-8.

Beads preparation
Protein G-coated sepharose beads (Amersham) wemaned for IP reactions as
follows, either the day before use or stored at #®tGnaximum one month. Beads were
always collected by centrifugation in a bench teptafuge, at 3000 rpm (= 800xg) for
1 minute at 4°C.
Briefly, the ethanol contained in the storing bufieas first removed, by washing the
beads 3 times with ice-cold lysis buffer. Finallygeads were blocked with a final
concentration of dg/ul of BSA and Jug/ul of sonicated salmon sperm DNA (sspDNA)
for at least 1 hour at 4°C.
A more detailed description follows.
1ml of beads was centrifuged in an ice-cold eppdndde supernatant was discarded,
while the collected beads were washed by addingdnide-cold lysis buffer and by
inverting the tube several times. Collection andhiag was repeated 3 times in total.
The volume of the collected beads was estimateglyby(generally about 650 and an
equal volume of ice-cold lysis buffer was addecdalty, 15Qu of BSA (10mg/ml) and
150Qul of sspDNA (10mg/ml) were added in order to bladpecific binding and the
eppendorf was left at 4°C, rotating end over eadaf least 1hour, generally overnight.
After this incubation, beads were collected by GRmgation and washed three times as
above and resuspended in an equal volume of icklgsis buffer. Therefore, beads
ready to be used were always roughly 50% (v/ivh@dppropriate lysis buffer (without
DTT or inhibitors).

Step 1 cell lysis
THP1M® or BEAS-2B cells were first trypsinised to detatiem from the plastic.
Trypsin was then inhibited by adding growth medi(gontaining 10% FBS) and cells
were then collected by centrifugation as abovebdth cases, cells were then washed
twice in sterile ice-cold PBS (GIBCO) and finallyet cell pellet was resuspended in
50ul/10° cells of ice-cold complete lysis buffer, incubatenl ice for 10 minutes and
then placed at -80°C.

Pause point
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Cell lysates were either stored at -80°C untiltfartprocessing or thawed on ice (after
at least 10 minutes at -80°C) and processed imnadglid his freeze-thaw step proved
useful in aiding cell lysis and it was recommendea@lso other RNA co-IP protocols
(Keene et al. 2006).

Step 2 antibody binding
Cell lysates were kept on ice during the entirecpdure and this included chilling all
the eppendorfs on ice for a few minutes, before use
Cell lysates, were thawed on ice and vortexed lgrieéfore being passed through a
G26 sterile needle several times (about 10 tinespinplete the lysis process. Finally,
they were cleared of the residual cell debris ytrifeigation, at top speed in a bench
top microcentrifuge, at 4°C for 15 minutes. Pelletre discarded while supernatants
were collected and diluted ten times, so that liysate would correspond to 210
cells. 1ml aliquots were dispensed in pre-chillppendorfs, while 10l were placed
into 50Qul of TRI-Reagent and constitute the input sampteful for calculating fold
enrichment (see next section). The same amoumiteAgo2 specific antibody or the
corresponding 1gG negative control isotype antibedys then added to each 1ml-
aliquot of cell lysate at this stage and finallye samples were left rotating end over end
on a wheel at 4°C overnight.

Antibody coupling to beads
50 pl of protein G-coated sepharose beads, preparddsasibed above, were added to
each co-IP reaction, and incubated rotating end end on a wheel at 4°C for 2 hours.
Beads were then collected by centrifugation andh tvashed as already described,
using 1ml of the appropriate ice-cold washing huffer the appropriate amount of
times. Beads were then washed once more with ilteRBS (1x) and resuspended in
10Qul of RNAse-free water. 28 of proteinase K (20mg/ml) was added to each
eppendorf (final concentration of proteinase K dadmaug/ul). Beads were incubated
for 15 minutes at 37°C, flicking the tubes eversniutes to keep beads in suspension
(or in a rotomixer at 1000rpm).

Purification of Co-immunoprecipitated RNA
50Qul of TRI-Reagent (Ambion) were added to the bead®ach eppendorf. Beads
were then vortexed briefly and incubated at roomperature for about 10 minutes.
Eppendorfs were then spun at top speed in a bepcleéntrifuge for 1 minute.
Supernatants were transferred into new eppendonite vihe collected beads were
discarded. Indeed, Proteinase K and TRI-Reageatnients freed any RNA from
proteins, breaking obviously also the link to treadls, which therefore are not needed

anymore and can be removed at this stage. RNAtisolavas thereafter performed
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following the TRI-Reagent protocol given previousliparagraph 2.9). After
precipitation, the RNA pellet was resuspended inl 80 RNAse-free water.

Pause point
The isolated RNA, was then either used straightafieaiR T-qPCR reactions, or stored
at -80°C for later use.

RT-gPCR
Quantification of co-immunoprecipitated RNAs (mRNMAmMicroRNAs) was performed
as usual, using either 3u3of RNA for random primer based RT, or (l5for
microRNA RT.
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Lysis buffers

Lysis B

Washing buffers

PBS 1x

NP-40 0.5%
EDTA pH8 2 mM
DTT 0.5 mM
Glycerol 20%

Wash la

PBS 1x
NP-40 0.05%
Glycerol 10%

Wash 1b

IPLB

Tris-HCI pH7.5 20 mM
NaCl 150 mM

NP-40 0.5%

EDTA 2 mM

DTT 0.5 mM

Glycerol 20%

PBS 1x

NaCl 160 mM
NP-40 0.05%
Glycerol 10%

IPWB

PXL

Tris-HCI pH7.5 50 mM
NaCl 300 mM

MgCl, 5 mM

NP-40 0.05%
Glycerol 10%

PBS 1x

NP-40 0.5%
Na-Desoxycholate 0.59
SDS 0.1%

Wash 1M

PBS 1x
NaCl 860 mM
NP-40 0.05%

Glycerol 10%

PXLW

Same composition as PX

But with PBS 5x

Note

PBS (1x):
NaCl 140 m M
Na,HPO; 8 mM
KH.,PO, 1 mM
KCI3 mM

pH 7.5

Complete lysis buffer:
Lysis buffer composed as specifiedvaband containing
100U/ml RNAse inhibitor (Applied Biosystems)

and 1x complete cocktail protease inhibfRoche).

Where required)TT was added just before use.

table 2-7. Composition of buffers used for AGO2 c®P experiments.

THP-1

BEAS-2B

Amount of cells (16)

Lysis buffer Lysis B
Washing buffer Wash 1b (5 times) Wash 1M (5 times)
pg of Ab

table 2-8. Reagents and conditions chosen for co-tBactions (after optimization).

41




2.11 Calculations for Ago2 co-IP

The calculations used here were adapted from thae delta Ct method for gPCR. Moreover,
table 2-9 and table 2-10 are an example of howatedata has been used and constitute indeed
the calculations performed for fig. 3-11 and figlBrespectively.
For all co-IP results shown:

Over input:  DCt using Ct (Input) as reference, e.g. Ct(AgoBt@nput)

Fold: 2(—Over input)

Fold enrichment: Fold normalized to the Fold of one IgG sample

Only for table 2-9 (fig. 3-11):
No Ab: average Ct value from sample where no antibodyused

Only for table 2-11 (fig. 3-14 E):
DCt: DCt using always Ct (Ig®(5x10"6) as reference,
e.g. Ct (Ago22x1076)) - Ct(IgG(0.5x10"6)
Absolute fold: 2(~°<Y
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PU.1

Ct Sample average Ctl No Ab - AGO2 | over input | fold | fold enrichment
27.407335 LysisB-A 27.43 0.96 2.06 0.24 1.94
27.443405 AGO2
28.36186 LysisB-A 28.38 3.02 0.12 1.00
28.407854 No Ab
28.18089 LysisB-B 28.12 4.69 2.76 0.15 1.20
28.064384 AGO2
32.88936 LysisB-B 32.81 7.45 0.01 0.05
32.73173 No Ab
28.001936 IPLB 27.90 2.38 2.15 0.23 1.83
27.795507 AGO2
30.579348 IPLB 30.28 4,53 0.04 0.35
29.982925 No Ab
29.529188 PXL 29.37 5.27 3.67 0.08 0.64
29.220678 AGO2
34.77094 PXL 34.64 8.94 0.90 0.02
34.51458 No Ab
25.293058 LysisB 25.36
25.433088 input
25.566805 IPLB 25.75
25.931477 input
25.732935 PXL 25.70
25.667847 input

Undetermined LysisB-inpu
Undetermined no RT

table 2-9. Calculations performed for fig. 3-11
In fig. 3-11A the plotted values are from column “fold enrichitiem fig. 3-11 B the
plotted values are from columndé Ab - AGOZ'.
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PU.1

Ct Sample average Ct] 1gG - AGO?2 | overinput | fold | fold enrichment

24.757038 Lysis B Input 24.86
24.953346

30.33447 LysisB 1gG 30.09 0.55 5.23 0.027 1.00
29.83714 | 0.01ug
29.578262 LysisB AGO2 29.54 4.68 0.0B9 1.46
29.498785 | 0.01ug

30.35973 LysisB 1gG 30.36 2.34 5.50 0.022 0.83

Undetermined 0.lug

27.97714 LysisB AGOZ 28.02 3.17 0.111 4.18
28.065699 | 0.1ug

29.75894 LysisB 1gG 29.79 2.06 4.93 0.033 1.23
29.821234 | 1ug
27.732868 LysisB AGO2 27.73 2.87 0.136 5.12
27.725945 g
29.697363 LysisB 1gG 29.57 2.04 4,71 0.038 1.43
29.44025 | 2ug
27.645033 LysisB AGO2 27.53 2.68 0.156 5.86
27.422325 | 2 g

29.9582 LysisB 1gG 29.87 1.88 5.01 0.081 1.16
29.780846 | 4g
27.969751 LysisB AGO2 27.99 3.13 0.114 4.29
28.001276 | 4ug

table 2-10. Calculations performed for fig. 3-12.
Plotted values are from column “fold enrichment”

44




Ab saturation test

SMAD2

Ct Sample | average| 1gG - AGO2 | DCt | Absolute fold
30.764034 | Input 30.72
30.683296 | 0.5x10"6
28.682013 | Input 28.70
28.71569 | 2x10"6
28.139954 | Input 27.95
27.750428 | 4x10"6
Undetermined 1gG 36.54 -0.32 0.00 1.00
36.53989 | 0.5x10"6
36.431057 | AGO2 36.86 0.32 0.80
37.2816 0.5x10"6
35.050323 | IgG 35.32 1.17 -1.22 2.32
35.595604 | 2x10"6
34.18051 | AGO2 34.15 -2.39 5.24
34.122597 | 2x10"6
35.85522 | IgG 35.30 2.02 -1.24 2.37
34.736015 | 4x10"6
33.279015 | AGO2 33.28 -3.26 9.60
33.273697 | 4x10"6

table 2-11. Calculations performed for fig. 3-14 E.

Plotted values are from column “Absolute fold”
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2.12 Generation of lentivirally transduced BEAS-2B -cell

lines.

2.12.1 Plasmids

The lentiviral inducible knock-down system adopte@s obtained from Tronolab (see

(Wiznerowicz & Trono 2003) andttp://tronolab.epfl.ch/ It consists of two lentiviral vectors

that need to be co-transduced in the same celhforsystem to be inducible (fig. 2-1). The
names and functions of all the plasmids used qerted in table 2-12.

This system was used in order to constitutivelyrasgpress miR-155 in BEAS-2B cells. The
same system was used in order to obtain induciibekedown ofEIF2C2 (AGO2 or DICER1

in BEAS-2B cells. The lentiviral vectors transdudetb BEAS-2B cells in order to obtain the
cell lines used for this study are listed in tablg4.

pLVTHM_BIC encodes the gene faniR-155(BIC) and had been previously generated by our
group (Martinez-Nunez et al. 2009). Also BEAS-2BlIeonstitutively over-expressingiR-
155 (B2B-155) had been previously generated by ouugr@npublished data). B2B-155 and
B2B-C cell lines were generated by Ana Franciscoci@an collaboration with Dr Fethi Louafi
and Victor Paky Bondanese, during a project caroedduring her MRes at the University of

Southampton, under the supervision of Dr. TilmancBaz-Elsner and Prof. Donna Davies.

All the other pLVTHM-derived plasmids were genethtas follows. The pairs of ssDNA

oligonucleotides listed in table 2-16 (designedeaplained in table 2-15) were annealed by
mixing them in a 1:1 ratio and incubated in a thedraycler with the program in table 2-17. The
dsDNA fragments obtained (inserts) were cloned p8PER between Bglll and Hindlll. The

whole sequence containing H1 promoter and theting&s then excised from pSUPER, using
EcoRI and Clal, and inserted into pLVTHM betweea #ame couple of restriction sites (fig.
2-3). These constructs are expected to expresslsigrin RNA molecules (ShRNA) inside the

cell, allowing for the knock-down of the desiredget gene (as schematically shown in fig.
2-2).
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Usual growth conditions

tTR-KRAB inhibits transcription.

V>

Doxyxycline in growth medium

Doxycyclin \/\ShRNA or microRNA
‘. SN
\/\

,—P

Yy~

In the presence of Doxycyclin, tTR-KRAB becomes unable to bind
the DNA, thus the shRNA (or microRNA) and GFP are expressed.

fig. 2-1. Schematic representation of how the indutale system adopted works.
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Plasmid Function Main elements or gene/s encoded
. HIV-1 genes necessary for lentivirus
PSPAX2 Packaging production: gag, pol, rev, tat.
pMD2.G Packaging Membrane glycoprotein from Vescicular

Stomatitis virus (VSV-G).

pLV-tTRKRAB-red

Lentiviral vector.
It allows transcriptional

regulation of transgenes.

tTR-KRAB, tetracycline-dependent
transcriprional trans-inhibitor; DsRed2, red
fluorescent protein, as a marker.

Lentiviral vector.

H1 (RNA pollll) expression cassette;
tetracycline operator (tetO) allows for

PLVTHM I(tsﬁép’\:eAsifiqtiEreog?\ln;)gene regulation by tTR-derived proteins
’ (tetracycline repressor); GFP (marker);
pSUPER Subcloning tetO and H1 promoter.

table 2-12. Plasmid used for cloning and generatioof lentiviral particles.

Plasmid Insert
pLVTHM_BIC BIC (miR-155 gene
pLVTHM_neg sh_neg
pLVTHM_AGO2 | sh_AGO2
pLVTHM_DCR | sh_DCR

table 2-13. pLVTHM-derived plasmids generated and elative inserts.

Cell line name

Lentiviral plasmids transduced

B2B-155

pLVTHM_BIC

B2B-C

pLVTHM_neg

BEAS-2B LV_neg

pLV-tTRKRAB-red; pLVTHM_neg

BEAS-2B LV_AGO2

pLV-tTRKRAB-red; pLVTHM_AGO2

BEAS-2B LV_DCR

pLV-TRKRAB-red; pLVTHM_DCR

table 2-14. Transduced BEAS-2B cell lines and lewiral vectors they harbour.

In order to have an inducible system, target aedisd to be cotransduced with both pLVTHM-

derived vector and pLV-tTRKRAB-Red. Transduction @fVTHM alone gives constitutive
expression of sShRNA or microRNA.
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Common sequences Specific sequences

S sh_neg

5 end GATCCCC

SENSE ATACTCCGTTCGTGTCACG

Linker | TTCAAGAGA ANTISENSE ~ CGTGACTCGTTCGGAGTAT

3'end TTTTTGGAAA

AS sh_AGO?2

5'end AGCTTTTCCAAAAA

SENSE GCAGGACAAAGATGTATTA

Linker | TCTCTTGA ANTISENSE ~ TAATACATCTTTGTCCTGC

3'end GGG

sh_DCR

SENSE GATCCTATGTTCAATCTAA
ANTISENSE  TTAGATTGAACATAGGATC

Restriction enzymes

Enzyme Restriction site | Adaptor
Hindlll A'AGCT, T AGCTT
Bglll A'GATC, T

BamHI G'GATC,C GATCC

table 2-15. Sequences used to design the inserts.
All the sequences are written in the direction 5’-3

Common sequencesthe 5" and 3’ ends of the sense and antisenserlmeotides, allow for
directional cloning into pSUPER. The linker forrhg toop of the shRNA.

Specific sequencesthe sense and antisense sequences are complgmengach other. They
form the stem of the shRNA. The terms “sense” aantiSense” are relative to the sequence of
the target mRNA. Therefore, the mature RNA (thateenthe RISC) is expected to have
sequence derived from the one referred to as ‘&g’ in this table. The specific sequences
were obtained from Ambion siRNA s23754 for sh_D@Rm (Schmitter et al. 2006) for both
sh_AGO2 and sh_neg. The sequence of each S/ASecofiglligonucleotides shown in table
2-16 was assembled by joining the sequences sherenimthe order:

(S or AS) 5’end — sense — (S or AS) linker — ansge- (S or AS) 3’end.
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%}0 Gene targeted / sequence |

sh_DCR DICER1 |
S GATCCCCGATCCTATGTTCAATCTAATTCAAGAGATTAGATTGAAMM(EGTTGGAAI\
AS AGCTTTTCCAAAAAGATCCTATGTTCAATCTAATCTCTTGAATTAG#)CEZRG#)GGATCG(IG
|
sh_AGO2 EIF2C2(AGO2) |
S GATCCCCGCAGGACAAAGATGTATTATTCAAGAGATAATACATC‘I‘H’CFG‘I’CU’TGGAA'A
AS AGCTTTTCCAAAAAGCAGGACAAAGATGTATTATCTCTTGAATAATATETCCTGCGQG

sh_neg None (negative control ShRNA)

S GATCCCCATACTCCGTTCGTGTCACGTTCAAGAGACGTGACTCGTTGHAGEGAAA
AS AG CTTTTCCAAAAAATACTCCGTTCGTGTCACGTCTCTTGAACGTG@GCE@GTTTGGT

table 2-16. DNA oligonucleotides cloned into the mdiviral vector.
Annealing the paired oligonucleotides gives a dsOiNgment with protruding ends. Therefore

there is no need to digest before inserting it plesmid.

95°C for 5 min

to 80°C in 15min (-1°C/min)
to 70°C in 20min (-0.5°C/min)
to 55°C in 150min (-0.1°C/min
to 10°C in 90min (-0.5°C/min)

table 2-17. Annealing thermal cycling program.
These steps were adopted to anneal correctly ting @aoligonucleotides listed in table 2-16
and obtain the inserts used for cloningg3f each oligonucleotide were mixed together in a

total of 5Qul of annealing buffer (100 mM NaCl, 10mM Tris pHY.4
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A
H1 promoter sequence (in pSUPER)

-31 -7 +1 (Start)

pSUPER AATCACCATAAACGTGAAATGTCTTTGGATTTGGGAAT(TT G T
TATA box

ShRNA synthesis and maturation

Insert in pPSUPER

RNA pol III transcription

C
GCAGGACAAAGAUGUAUUA U Y ~ U
U  shRNA
UUCGUCCUGUUUCUACAUAAU A 2 G

The loop is cleaved off by DICER

GCAGGACAAAGAUGUAUUAUU
UUCGUCCUGUUUCUACAUAAU

The mature siRNA is loaded onto the RISC

...... CATTGTGGCAGGACAAAGATGTATTAAAAAATTAAC..... Target mRNA
UUCGUCCUGUUUCUACAUAAU Mature siRNA

fig. 2-2. Schematic of H1 promoter in pSUPER and gected shRNA synthesis.
What shown here is also valid for the final lentiViconstructs. In fact, the whole expression

cassette is subcloned from pSUPER. The RNA prodbgeRNA polymerase Il folds into a
hairpin, the shRNA. The latter is recognised byddwhich cleaves off the loop, generating the
mature short RNA that will be loaded onto the RI&Enplex and that will be responsible for
silencing of the target. The sequences used indiaigram are from shAGO2 and the target
sequence shown is from AGO2 transcript variantctgasion number NM_012154).
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EcoRI

H1 promoter

pSUPER pSUPER_shRNA

H1 promoter

—Bglll

Bam HI
i Clal
Hindill %5‘;‘50 " Hindin

Hindlll

EcoRlI / Clal
digest

EcoRI

Clal Clal

pLVTHM
_~EcoRI

H1 promoter

EcoRI

pLVTHM_shRNA
H1 promoter

Clal

fig. 2-3. Schematic representation of the cloningraitegy.
Restriction enzymes in grey were used for scregasti Note that Bglll and BamHI generate

compatible protruding ends. However, their ligatigives rise to a sequence that is not
recognised by any of the two enzymes. Therefordéipeslones (pSUPER_shRNA) are Bglll
resistant. This was exploited for screening purpoBwsitive clones identified this way were
also confirmed by EcoRI/Xhol digest. pLVTHM_shRN/Agitive clones were identified by
digestion with BamHI/Xbal. Finally, plasmids exttad from two different clones per
pLVTHM-derived construct were sequenced, confirmihgt the constructs obtained were as
designed (data not shown). During all the subclgrsteps, bands were purified from from
agarose gel using QIAquick Gel Extraction Kit, falling the manufacturer’s instructions.
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2.12.2 Transduction of BEAS-2B cell lines

Overview

BEAS-2B cells were transduced with lentiviral pelgs containing the pLVTHM-
derived vectors listed in table 2-14 following tverkflow in fig. 2-4. Briefly, HEK293T cells
are co-transfected with the two packaging plasmidsch are psPAX2 and pMD2.G, and the
appropriate lentiviral vector or pLV-tTRKRAB-redggs also table 2-12 for more information
about the plasmids). Lentiviral particles shedhia mmedium are collected and applied on target
cells, in this case BEAS-2B cells. When the vimigcts the latter cells, viral genomic RNA is
first retro-transcribed and then it integrates it cellular genomic DNA. This guarantees high
efficiency of gene delivery (referred to as trartain) and high frequency of stable integration
of the construct into cellular DNA. A few days lgteuccessful transduction can be monitored
by expression of the markers (fluorescent proteenspded in the lentiviral vectors.
Lentiviral genes, necessary for viral replicatiane encoded only in the packaging plasmids.
Co-transfecting a lentiviral vector and the packggslasmids into HEK cells, makes those cells
produce and shed in the medium lentiviral partidtest contain RNA synthesised from the
lentiviral vector (pLVTHM-derived or pLV-tTRKRAB-r@). The latter are the only constructs
that are delivered by mature virions. In fact, theg the only ones to encode the viral packaging
site (the RNA sequence that is bound by viral @hpsbteins ensuring correct virus assembly).
This design guarantees bio-safety of the system (B&generation). In fact it is very unlikely
that mature virions will bear also the structurald afunctional genes necessary for viral
replication, because all the elements necessasydoessful viral assembly are spread across
three different plasmids. Therefore, the lentivigrticles produced are infectious but

replication-deficient.
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Lentivirus transduction with TRONOSYSTEM plasmids
Superfect (Qiagen cat. No. 301305) was used tcsfeah HEK293T cells according to the

following protocol.

Day 1: Plate 2x18cells (HEK293) in 10cm dish.
Day 2: Transfect the 3 plasmids required with SUPERFEQiaden).
Protocol:
a) Use sterile FACS tubes for mixing SUPERFECT witlk BBNA
b) Add to 30Qul of OptiMEM (or plain DMEM):
- 5ug pLVTHM (or pLV-tTRKRAB-Red)
- 3.75ug pPAX2
- 1.5ug9 pMD2G (VSV)
Mix by pipetting a few times
c) Add 6Qqul of SUPERFECT
Mix by pipetting a few times or by vortexing for Sét
d) Incubate for 10 min at room temperature
e) Wash cells carefully with PBS
f) Add 3ml of complete growth medium (10%FBS DMEM) @NA
complexes
g) Put DNA complexes on cells (cells will be with orthese 3ml)
h) Place in incubator
I) After 3-4 hours remove medium and replace with 6hgrowth medium (no
need to wash cells)
Day 3: Check transfected cells. If possible check unlleréscence microscope for
the expression of either GFP or DsRed2.
Seed target cells (to transduce). Plate them iardalhave less than 50% confluency on
next day (i.e. for BEAS-2B seed in 6-well platesral per well at 6x18cells/ml).
Day 4: Transduce target cells.
Protocol:
a) Remove medium from target cells. Replace with 2mbmwth medium
supplemented with aboupg/ml Polybrene.
Put cells in incubator (and leave them for aboutra@es).
b) Collect supernatant from HEKs and centrifuge i2@00rpm (=800xg) for
15min. Carefully collect the supernatant, leavirelgited material at the

bottom. Replace HEK medium with 6ml of fresh growthdium
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c) OPTIONAL: filter supernatant-containing medium (0.22um fdtePre-wet
the filter)
d) Remove medium from cells in 6-well plate
e) Add virus-containing medium supplemented with Podyle at same
concentration as above
f) Centrifuge plate at about 800xg for 90minutes 8C37
(this is referred to as “spinoculation”).
g) Put plates in incubator for a few more hours
h) Replace medium of target cells with 3ml of growtredium (without
washing with PBS)
Day 5: repeat procedure at day 4
Day 6: OPTIONAL repeat procedure as at day 5

N oy, -, X '\ — iy 7 r’*:_/‘
\/ 4 Y A v’ i \ ¥ //) f1ee 3
pMD2.GT || psPAX2} ' ) pMD2.G :‘\FJSPsz, l\ )
\ ; ‘ 7 x \ J
//;/j ‘\',, / \ 4y "‘-—'/ "z’
Packaging plasmids pLVATRKRAB-red Packaging plasmids PEVTHN_shRAA

Step 1. Co-transfect HEK293 cells with a
mixture of the three plasmids indicated.

Producer cells Producer cells

(HEK293) (HEK293)
| Step 2. Collect viral particles ‘
[VRNVAN| [PENYAN
Pseudoviral particles i’i" Sﬁf | ﬁ’%&ﬁ%@ Pseudoviral particles
bearing the genes encoding i WK ':,‘« 1% 41 ?91’ bearing the GFP and
tTR-KRAB and DsRed 7, yy( ‘ Step 3. Infect target cells ‘ %91’ )VD the shRNA

Target cells X
(BEAS-2B) Step 4. Assay cells (e.g. by flow

cytometry analysis)

fig. 2-4. Transduction workflow.
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2.12.3 Selection of transduced BEAS-2B cells.

In order to generate the cell lines BEAS-2B LV_nBgAS-2B LV_AGO2, BEAS-2B
LV_DCR, BEAS-2B cells were first transduced withntigiral particles containing the vector
pLV-tTRKRAB-red. Cells transduced with this vectmnstitutively express tTR-KRAB, a tet-
dependent transcriptional repressor that prevereession of the transgenes from pLVTHM-
derived plasmids. pLV-tTRKRAB-red also encodes feme for DsRed2 a red fluorescent
protein, useful for selection of transduced cellslection of all the transduced cell lines was
achieved by cell sorting, performed on a BD FAC®ALi cell sorter. DsRed2 positive BEAS-
2B cells were sorted (data not shown) and growesé&lcells were then transduced with one of
the pLVTHM-derived plasmids, namely pLVTHM_neg or LMTHM_AGO2 or
pLVTHM_DCR (see table 2-13 and table 2-14). Becabeg had already been transduced with
pLV-tTRKRAB, expression of both GFP and the shRNAswepressed in the absence of
doxycycline (fig. 2-1). Therefore, double-transdiiceells were grown in the presence of
50ng/ml of doxycycline for three days prior to stilen of GFP-DsRed2 double positive cells
(fig. 2-5). Sorted cells were kept in culture fareomonth in the absence of doxyxycline, in
order for them to recover from induction beforetlier characterization, and several vials of
frozen stocks were made and stored in liquid nérog
In order to generate the cell lines B2B-155 and B2BEAS-2B cells were transduced with
only pLVTHM_BIC or pLVTHM_neg respectively (table-21). Transduced cells were then
selected by sorting GFP-positive cells (data nawst) after which, several vials of frozen
stocks were made and stored in liquid nitrogen.s€heells were used within one month after

thawing.
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(Continues on next page)
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BEAS-2B LV_AGO2
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fig. 2-5. Selection of transduced BEAS-2B cells B5ACS.

Double-positive cells were sorted. A part from daatrol cells (wt and mixed red+green cells)

pre- and post-sorting plots are shown for eachliogllsorted.
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2.13 microRNA RT-qPCR arrays

In order to perform RT-gPCR microRNA arrays the Agp Biosystems TagMan® Low
Density Array system was used, following the maatufeer’s instructions. Briefly, 400 ng of
total cellular RNA extracted as described aboves waed to generate cDNA using the
Megaplex™ RT Human Pool A (see table 2-18 for regipnd programmes). The data were
then analysed with Sequence Detection System vatdrarise Edition (Applied Biosystems).
All the microRNAs that had a Ct value higher th&h53in at least 2 out of 4 samples were
discarded. Therefore out of the 377 microRNAs datde in each plate, 173 were kept for
further analysis. Relative expression of all thensiRNAs considered was calculated using the
delta delta Ct method, using RNU44 as reference.g&h microRNAs were calibrated using

the averageACt. Therefore the expression of a given microRNAswalculated using the

formula Z(ACT individual miRNA — mean of 173 miRNAs)
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Megaplex RT recipe

10x RT buffer 0.8
25x dNTP (100mM tot) 0.2l
Megaplex RT primers 0.8l
Multiscribe 1.5ul
RNAse inhib (Ambion) 20Ul 0.1ul
MgCI2 (25mM) 0.9ul
RNA + water (350ng to 1g) 3.2ul

Total 7.5u

RT thermal cycling programme

Temperature (°C) Time
16 2 min
40 cycles 42 1 min
50 1 sec
85 5 min
4 Hold

gPCR array recipe

Master mix (2x) 450l
Megaplex RT product (cDNA) 6 pl
Water 444l
Total 900l

gPCR array thermal cycling programme
Load and run the array using the 384-well TagMaw Lo
Density Array default thermal-cycling condition®esthe
TagMan® Array User BulletifPN 4371129)
table 2-18. Summary for Tagman microRNA arrays.
Adapted from the manufacturer user’s guide.

2.14 Statistical analysis

All the experiments performed at least three timese analysed for statistical significance
using the tools integrated in the software GraphPasim. The test used is indicated in the
specific figure captions.

In general, the unpaired t-test was used when dheple number was lower than 10 (all the
experiments with cell lines) and the comparison Wwasveen only two conditions. If the
variance of the two groups was significantly diffier then the Welch’s correction was applied.
If multiple conditions were compared altogethere-evay ANOVA with Bonferroni post-test

correction was used. When human primary cells wesegl and the sample number was higher
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than 10, the distribution was assumed to be nomaband therefore Mann-Whitney test was

used.

2.15 Bioinformatic analysis

The prediction programme developed at the Segal(Kadvtesz et al. 2007) was used with
default options. The executable version was usedlecc PITA executable, available at

http://genie.weizmann.ac.il/pubs/mir07/32bit ex¢a porediction.tar.gz

PITA was used in order to predict microRNAs bindiogHRV genomes. All the microRNAs
included in the database MiRBase v11 were used.olhmut files consist of a list of predicted
target sites for each genome. In each list, all thrget sites were ordered according to
increasing values of ddG, and sites with a ddG evatigher than “-9” were discarded.
Therefore, only the microRNA names were kept, dnedduplicates were removed. Finally, only
those microRNAs that were present in all the kstobtained were kept. These microRNAs are
listed in table 3-1 and are referred to as candidati-HRV microRNAs, throughout the present
thesis. They represent in fact the microRNAs ptedicto effectively target all the viral
genomes submitted for analysis, namely HRV-1B, 2148 16, 44, NAT001. The genome
sequences used were downloaded from NCBI datalaskthe relative accession numbers are
listed in table 2-19.

Also the predictions shown in table 4-1 were penied using the same programme. In this case,
only the microRNAs selected from the arrays andt@tbin fig. 4-1 B were used against the
genomes of only HRV-1B and HRV-16. All target siteish ddG higher than -9 were discarded

and only the common microRNAs are listed in table@.

HRV serotype | Accession number| Immunological group | Genomic group
1B D00239.1 minor A
2 X02316.1 minor A
3 EF173422.1 Major B
14 K02121.1 Major B
16 L24917.1 Major A
44 DQ473499.1 minor A
NATO001 EF077279.1 - C

table 2-19. Details of HRV genomic sequences usex bioinformatics analyses.
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Chapter 3
RESULTS: microRNAs target HRV-1B.
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3.1 Establishing a cell model to study the role of

microRNAs on HRV replication.

3.1.1 MicroRNAs are predicted to bind to HRV genomes.

MicroRNA activity has been widely studied in thentext of post-transcriptional
regulation of gene expression. Many algorithms Hzeen developed aiming to predict whether
a microRNA can target a given gene. Generally,ghmegrams predict base-pairing between a
microRNA and the 3' UTR of a given mRNA, calculaithe stability of the possible duplexes.
The latter stability is crucial for the efficacy afmicroRNA, and the more stable the duplex the
more likely is that the gene is regulated by theroRNA. In addition, these prediction
algorithms take into account also the conservatibrthe target sequence across different
vertebrates. This is done because it is conceivhblgf the sequence involved had a regulatory
role it would have undergone positive selectiorirdyevolution.

The prediction programme developed by Kertesz.avat used in order to have a first proof of
concept about whether microRNAs can target HRV$s Phogramme calculates not only the
strength of the interaction between microRNA anddtisequence but also the site accessibility
(Kertesz et al. 2007) a very interesting feature tfos investigation, considering that HRV
genomes present complex secondary structureseloutput, the strength of the base-pairing
between miR and target sequence is referred td@duplex’. The energy required to open the
secondary structure of the target (the site adoiéibgi is instead referred to asiGopen'.
Therefore, the sum of the two energies, tddG”, represents the overall likelihood of the
predicted interaction to happen. The lower the dth@, more likely is that the microRNA
successfully binds to the predicted target sequehaklG of -10 is considered typical of good
miR-target interactions (Segal Lab ).

MicroRNAs have been shown to bind viral genome®ubhout the whole sequence, e.g.
(Lecellier etal. 2005, Pedersen et al. 2007). @loee, the entire genome of several HRV
serotypes (1B, 2, 3, 14, 16, 44, NAT001) were sttiechifor analysis against all the microRNAs

included in the database miRBase v11 (for an exawiptesults obtained see table 3-2).

The results obtained suggest that many microRNAg target HRVSs. In order to refine
this search, all the target sites with a ddG vdligher than -9 were eliminated and only the
microRNAs predicted to target all the HRVs analyseste kept (table 3-1). One of these
candidate anti-HRV microRNAs is miR-155, a microRMAtensively studied in our group. In

addition, also other bio-informatic programmes Iga1 and table 6-2 in appendix) predict that
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miR-155 targets both HRV-1B and HRV-16, virused tielong to the minor and major groups

respectively and were available to be used foritivisstigation.

hsa-let-7b hsa-miR-181d hsa-miR-601
hsa-miR-103 hsa-miR-193a-5p hsa-miR-602
hsa-miR-107 hsa-miR-197 hsa-miR-608
hsa-miR-1182 hsa-miR-198 hsa-miR-614
hsa-miR-1183 hsa-miR-296-3p hsa-miR-615-5p
hsa-miR-1202 hsa-miR-297 hsa-miR-616
hsa-miR-1207-5p hsa-miR-299-3p hsa-miR-619
hsa-miR-122 hsa-miR-302a hsa-miR-636
hsa-miR-1225-5p hsa-miR-302d hsa-miR-637
hsa-miR-1229 hsa-miR-323-5p hsa-miR-638
hsa-miR-1231 hsa-miR-324-5p hsa-miR-648
hsa-miR-1244 hsa-miR-331-5p hsa-miR-654-5p
hsa-miR-1248 hsa-miR-339-5p hsa-miR-658
hsa-miR-1254 hsa-miR-342-5p hsa-miR-659
hsa-miR-1257 hsa-miR-34a hsa-miR-661
hsa-miR-125a-3p hsa-miR-383 hsa-miR-663
hsa-miR-1275 hsa-miR-431 hsa-miR-671-5p
hsa-miR-1291 hsa-miR-432 hsa-miR-744
hsa-miR-1292 hsa-miR-453 hsa-miR-760
hsa-miR-1293 hsa-miR-491-5p hsa-miR-767-5p
hsa-miR-1295 hsa-miR-502-5p hsa-miR-769-3p
hsa-miR-1296 hsa-miR-509-3p hsa-miR-770-5p
hsa-miR-1308 hsa-miR-512-3p hsa-miR-886-3p
hsa-miR-134 hsa-miR-516b hsa-miR-886-5p
hsa-miR-138 hsa-miR-541 hsa-miR-939
hsa-miR-149 hsa-miR-574-5p

hsa-miR-155 hsa-miR-584

table 3-1. Preliminary prediction of HRV-targeting microRNAs.

Description of the method used in paragraph 2.15.
HRV-16 (A)/ 1B (A)/ 2 (A)/ 14 (B)/ 3(B)/ 44 (A)/ NAQO1 (C)
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Virus microRNA Start | End | dGduplex | dGopen | ddG
HRV-1B | hsa-miR-1182 773 | 765 -26.40 -3.29 | -23.10
HRV-1B | hsa-miR-1293 4574 | 4568 -23.60 -1.88 | -21.71
HRV-1B | hsa-miR-1183 4597 | 4589 -27.20 -5.54 | -21.65
HRV-1B | hsa-miR-886-5p 455 | 447 -28.20 -6.99 | -21.20
HRV-1B | hsa-miR-939 4572 | 4564 -22.80 -2.00 | -20.79
HRV-1B | hsa-miR-658 4896 | 4890 -27.41 -6.65 | -20.75
HRV-1B | hsa-miR-939 97 91 -23.50 -4.14 | -19.35
HRV-1B | hsa-miR-661 776 | 768 -22.76 -3.45 | -19.30
HRV-1B | hsa-miR-608 40 32 -33.60 -14.36 | -19.23
HRV-1B | hsa-miR-296-3p 102 | 94 -20.30 -1.30 | -18.99
HRV-1B | hsa-miR-1287 793 | 785 -22.70 -4.45 | -18.24
HRV-1B | hsa-miR-885-3p | 4900 | 4892 -23.80 -5.63 | -18.16
HRV-1B | hsa-miR-574-5p | 2022 | 2014 -20.63 -2.62 | -18.00
HRV-1B | hsa-miR-296-3p 103 | 95 -18.70 -0.87 | -17.82
HRV-1B | hsa-miR-1287 5296 | 5288 -22.16 -457 | -17.58
HRV-1B | hsa-miR-744 4572 | 4564 -19.53 -2.00 | -17.52
HRV-1B | hsa-miR-663 4897 | 4889 -23.63 -6.17 | -17.45
HRV-1B | hsa-miR-323-5p | 4282 | 4274 -27.02 -9.59 | -17.42
HRV-1B | hsa-miR-525-3p 249 | 241 -25.32 -8.42 | -16.89
HRV-1B | hsa-miR-1207-5p | 96 88 -20.95 -4.07 | -16.87
HRV-1B | hsa-miR-1244 2048 | 2040 -25.00 -8.20 | -16.79
HRV-1B | hsa-miR-654-5p | 4577 | 4571 -18.55 -1.89 | -16.65
HRV-1B | hsa-miR-1207-5p | 4504 | 4498 -26.30 -9.66 | -16.63
HRV-1B | hsa-miR-1231 5863 | 5855 -22.76 -6.12 | -16.63
HRV-1B | hsa-miR-608 2028 | 2020 -22.10 -5.55 | -16.54
HRV-1B | hsa-miR-219-1-3p | 669 | 661 -23.31 -6.89 | -16.41
HRV-1B | hsa-miR-550 2833 | 2825 -24.45 -8.13 | -16.31
HRV-1B | hsa-miR-1301 5840 | 5832 -26.60 -10.53 | -16.06
HRV-1B | hsa-miR-574-5p | 5712 | 5704 -20.90 -4.87 | -16.02
HRV-1B | hsa-miR-658 93 85 -20.30 -4.45 | -15.84
HRV-1B | hsa-miR-618 6569 | 6561 -24.50 -8.66 | -15.83
HRV-1B | hsa-miR-1270 4586 | 4578 -21.30 -5.58 | -15.71
HRV-1B | hsa-miR-181b 7082 | 7074 -20.71 -5.00 | -15.70
HRV-1B | hsa-miR-103 3949 | 3941 -22.79 -7.27 | -1551
HRV-1B | hsa-miR-221 5524 | 5517 -21.82 -6.36 | -15.45
HRV-1B | hsa-miR-383 3795 | 3787 -20.63 -5.23 | -15.39
HRV-1B | hsa-miR-107 1456 | 1448 -21.90 -6.69 | -15.20
HRV-1B | hsa-miR-296-3p | 4909 | 4901 -21.50 -6.34 | -15.15
HRV-1B | hsa-miR-1292 2872 | 2864 -23.60 -8.52 | -15.07

table 3-2. Example of prediction results obtainedrbm the programme developed
by Kertesz et al.
Start and end refer to the positions on the vifdlARhat base-pair with the microRNA seed.

These results were obtained submitting the whot®ge sequence of HRV-1B to be scanned
against all the microRNAs included in the databld#®Base v11 (see paragraph 2.15 for more
details).
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3.1.2 HRV-1B replication in HelLa cells and THP1-derived
macrophages (THP1MP).

We have hypothesised that microRNAs can hamper HBMication by directly
binding to the viral genome. Conceivably, anti-HRNcroRNAs would limit synthesis of viral
proteins and in turn limit the amount of new genoRNA produced.

In order to investigate whether microRNAs can dffeiRV replication, it seemed
convenient to have two cell lines to be used dsneetlels. Ideally, one cell line had to be very
permissive to the virus and poor in antiviral mRMAs, while the other cell line had to be less
permissive to the virus and be rich in antiviralcroRNAs. Hela cells were chosen as the
permissive cell model; while THP-1 derived macrapsa(THP1MP) were chosen as the less
permissive one. HelLa cells have been used for kimg to detect HRV and grow viral
preparations, implying the virus replicates verficantly in these cells. On the contrary,
macrophages have been shown to be infected by HRY{dt allow its replication (Laza-Stanca
et al. 2006). The two cell models also satisfydbeond condition, to express different levels of
antiviral microRNAs. This was known for at leasteoof the candidate anti-HRV microRNAs
identified, miR-155. In fact, from previous expére in our group, it was known that THP-1
cells express about 10000 fold more miR-155 contptweHeLa cells (see fig. 3-1). For these
reasons it was expected that HRV-1B replicated nmcie in HeLa cells than in THP 1M

Cells were infected with HRV-1B at MOI of eitherOQ. or 0.1, and samples were
collected up to 10 hours post-infection (hours fpi) HeLa cells, and up to 24 hours pi for
THP1M®. The aim was in fact to monitor the first roundwifal replication, which should
occur in about 8-10 hours. In the case of THRLkbwever, samples were collected up to 24
hours pi, in order to cover the possibility thae thiral life cycle was longer in those cells.
Supernatants were collected and cells were hadiastelri-Reagent for RNA extraction.
Supernatants were stored at -80°C, and then usetktBymine the infecting viral titre by
limiting dilution assays (TCID50), while the RNA wased to quantify HRV-1B genomic RNA
by RT-gPCR. The results obtained confirmed thah bl lines were infected by the virus,
since its RNA was consistently detected througlioeitime course.

In both HelLa cells and THP1® the amount of viral RNA detected at 0 hours flected the
viral load used for infection. Indeed, about 10agmmore viral RNA was detected when an
MOI of 0.1 was used, as compared to an MOI of OmMIring the following hours, HRV-1B
RNA decreased gradually from 0 to 3 hours pi inhbdeLa cells and THP1fd. However,
while in HelLa cells it then increased markedly aftehours pi, in THP1M HRV-1B RNA
never reached a comparable fold increase or a $égeificantly higher than at 0 hours pi (fig.
3-2).
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fig. 3-1. THP1M® express several fold more miR-155 compared to Heleells.
MiR-155 expression was measured from the indice¢didines by RT-gPCR. The same amount

of RNA was used for each cell line. MiR-155 relatiexpression was calculated using RNU44
as reference gene. The values plotted represeravitiage, the error bars represent the SD
obtained from at least 3 biological replicates.
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fig. 3-2. HRV-1B replication in HeLa and THP1M®.

HeLa @) and THP1MP (B) were infected with HRV-1B at an MOI of 0.1 or 0,(and viral
RNA was measured by RT-qgPCR at the time pointcatdd. The values plotted represent the
average, the error bars represent the SD obtained 3 independent experiments. **=p<0.01;
if nothing is indicated, difference was not sigedfint as compared to 0 hours post-infection of
the same MOI. p values were calculated using ong AlMOVA with Bonferroni post-test
correction.

70



Viral titre in the supernatants was then determibgdTCID50 (fig. 3-3), showing that the
amount of virus shed by THPIM infected with an MOI of 0.01 was always below the
detection limit of the technique. Viral titre was fact measurable only in supernatants from
THP1M® infected with MOI 0.1, collected at 10 and 24 teopr, with an estimated viral titre of
about 100 viral particles/ml.

Regarding HeLa cells, when MOI of 0.01 was usedhltitre was below the detection limit
until 3 hours pi, after which it increased and ramad constant, at around 100 viral particles/ml,
between 6 and 10 hours pi. With MOI of 0.1 instehd, starting titre was higher but decreased
gradually up to 3 hours pi and then it increasemymssively, reaching the maximum (around
500 viral particles/ml) at the end of the time s®r10 hours pi.

These results confirmed that the two cell lineswat what was expected regarding their
permissiveness to HRV-1B. The latter replicatece@dimuch more in HelLa cells compared to
THP1M®. These results also show that RT-qPCR can be tasadcurately detect viral RNA
and monitor how the virus replicates during theyfest hours after infection. Limiting dilution
titration (TCID50) instead was found to be lesssg@are and overall unnecessary within the first
round of infection (up to 10 hours). For these oeas RT-qPCR was the method of choice for

this investigation.
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fig. 3-3. HRV-1B replication in HeLa and THP1Md®.

HeLa @A) and THP1MP (B) were infected with HRV-1B at an MOI of 0.1 or 0,(and viral
titre in the supernatants at the time points indida was estimated by limiting dilution
(TCID50).

The values plotted represent the average, the éars represent the SD obtained from 3
independent experiments. *=p<0.05; **=p<0.01; ifthiag is indicated, difference was not
significant as compared to 0 hours post-infectibthe same MOI. p values were calculated
using one way ANOVA with Bonferroni post-test catien.
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3.1.3 DICER knock-down in THP1M®.

As shown in the previous paragraph, HRV-1B repésatore in HelLa cells than in
THP1M®. We hypothesised that THPIMare less permissive to the virus because theyesgpr
higher levels of anti-HRV microRNAs compared to Hetells, such as miR-155. If this is true,
lowering the load of microRNAs expressed in THRLMvould allow higher replication of
HRV-1B. Therefore, in order to assess this possibit was decided to knock-dowBICER1
(hereafterDICER) in THP1M®, employing siRNA technology. Indeed, Dicer is cahtn
microRNA biogenesis, being responsible for thamafimaturation (Filipowicz et al. 2008). It
was expected that reducing its expression wouldigedhe levels of mature microRNAs
(Kuehbacher et al. 2007, Matskevich & Moelling 20Msuka et al. 2007, Suarez et al. 2007,
Tang et al. 2007, Triboulet et al. 2007) and imtilme virus would replicate more.

THP-1 cells were transfected with either a negatioatrol sSiRNA or an antDICER siRNA
and then differentiated in macrophage® hours post-transfection, cells were infectethwi
HRV-1B at an MOI of 0.1DICER mRNA was measured at 0 hours pi confirming that it
expression was reduced by the targeting siRNA twtB5% compared to negative control (fig.
3-4 B). Viral genomic RNA was measured by RT-gPGR,&8, 6 and 24 hours pi (fig. 3-4 A)
showing that lower amounts dPICER mRNA did not correlate with changes in viral
replication. However, it was also noticed that desthe reduction irDICER expression, two
microRNAs, miR-155 and miR-142 arbitrarily choserorder to have a general idea about the
microRNA biogenesis on the whole, did not showgaisicant reduction (fig. 3-4 C and fig. 3-4
D).

Hence, it was concluded that the lack of a clealucton in the expression of cellular

microRNAs invalidated this approach.
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fig. 3-4. Knock-down of DICER did not correlate with higher replication of HRV-

1B in THP1M®.

THP1M® obtained from THP-1 cells transfected with antGBR siRNA were infected with
HRV-1B at an MOI of 0.1.4) Viral RNA was then measured by RT-gPCR at theetpoints
indicated. The levels oB) DICER mRNA, C) miR-155 and D) miR-142 were measured by
RT-gPCR at 0 hours post-infection. The resultstptbtare the average, while the error bars
represent the SD from three independent experiméritgp<0.001; where either ns or nothing
is indicated difference was not significant. p eawvere calculated using the unpaired t-test.
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Victor Paky Bondanese Results: microRNAs target HRV-1B.

3.1.4 Prolonged DICER knock-down increases HRV-1B replicaon
in BEAS-2B cells.

Speculations can be made about WPNCER knock-down caused only a marginal
reduction of mature microRNAs in THPXM One possibility is that mature microRNAs have a
longer half life than expected. This would meant thdonger time with reduced production
(lower Dicer activity) is needed in order to actyalffect their levels. Also, it is conceivable
that the abundance of a microRNA may affect thatine reduction of its concentration,
attainable by the strategy used here. Thereforardiler to tackle these difficulties, it was
decided to use human bronchial epithelial cells@BE THP-1 cells are very rich in miR-155
(see fig. 3-6) not only compared to HelLa cells dlab compared to human bronchial epithelial
cells (BECs). As a consequence, it seemed morly likeobtain a better reduction of antiviral-
microRNAs by a prolonged reduction of Dicer activit BECs, rather than THP 11
In addition, as explained in the introduction, HRWection of BECs constitutes the main
interest for the present project.

In order to keep the levels &ICER mRNA low for a prolonged period, arbilCER
siRNA was transfected several consecutive timess Mas first attempted on primary BECs.
However, those cells became senescent and died aftemthe second round of transfection
(fig. 3-5).

fig. 3-5. Primary BECs do not withstand multiple transfections.
Primary BECs from one healthy donor were grownluainfluence Q) or transfected oncdj

or twice (C) with negative control siRNA. Pictures were takewn days after transfection.
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fig. 3-6. Bronchial epithelial cells express lessiR-155 compared to THP1Mb.
MiR-155 expression was measured from the indicatt lines and primary BECs by RT-

gPCR. The same amount of RNA was used for eachiellMiR-155 relative expression was
calculated using RNU44 as reference gene and Hella as calibrator. The values plotted
represent the average, the error bars represenSEhebtained from at least 3 biological
replicates (three different healthy donors for EiynBECS).

Therefore, the next best option was to use BEAS:@I, a virally immortalized cell
line derived from healthy human BECs (Reddel e1888) that has often been employed as a
convenient model for HRV infection of BECs, e.gapdopoulos et al. 2001).
Negative control or anBICER siRNA were successfully transfected for three ecntive
times in BEAS-2B cells (see paragraph 2.8.2 foremietails). RNA was purified from those
cells at 48 hours after each transfection and ega of miR-30a-5pand DICER was
measured by RT-gPCR (fig. 3-DICER expression was reduced to around 40-30% compared
to negative control, after each of the three treat&fns performed. The expressiomuR-30a-
5pinstead, was reduced only marginally (to 60%)vey tounds of transfection, and it dropped
to 40% only after the third round, as compareddgative control. This result reinforced the
idea that microRNAs may indeed have a longer li@fthan expected, and encouraged further

experiments.
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fig. 3-7. Sustained knock-down of DICER is necessain order to effectively lower

the levels of mature microRNAs.

A: global timeline of the experiment. Briefly, cellere transfected every three days (for three
times in total) before infection with HRV-1B (semg.f3-9). Cells were always about 50%
confluent at the time of transfection. In ordemathieve this, cells were detached and seeded at
the correct density every two days. Cells wereectdid two days after each transfection (more
details in materials and methods).

(B) DICER and €) miR-30a-5p expression were quantified by RT-gPERch value plotted
represents the average of qPCR duplicates obt&ioedone single experiment, used to explore
the feasibility of the repeated siRNA transfection.
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BEAS-2B cells were transfected for three roundsaaser described. 48 hours after the
third transfection, the cells were infected withVHRB. Three different MOls of HRV-1B were
used in order to test whether different viral loaday affect the outcome. As expected,
regardless of the MOI used, HRV-1B replicated meten DICER had been knocked down
(fig. 3-8).

Finally, in order to confirm the reproducibility dfis finding, the latter experiment was
repeated three times using only one MOI (fig. 3BEEAS-2B cells were transfected for three
rounds. 48 hours after the third transfection, tiveye infected or not with HRV-1B, at an MOI
of 0.01. RNA was purified from both uninfected sefind the infected ones harvested at 0, 3
and 8 hours post-infection. Measuring the expressib DICER and miR-30a-5pin the
uninfected cells (fig. 3-9 A and B) confirmed thheir knock-down was similar to what was
obtained in the preliminary experiment shown in 8¢7. HRV-1B RNA was measured by RT-
gPCR in the infected cells, in order to monitoralireplication. As shown in fig. 3-9 C, on
average, 1.6 times more HRV-1B RNA was present@spost-infection in cells with lower
DICER expression. This difference was statistically gigant.

These results show that lower expression of maticeoRNAS results in an increase of
HRV-1B replication in BEAS-2B cells. However, thimay still be due to an indirect
mechanism, not to the direct interaction of micr@®Nvith viral genome. As a matter of fact,
microRNAs may affect viral replication by affectirige cellular anti-viral response, such as
induction of IFNs. Expression ¢FNB1 (the gene for IFN3) was measured by RT-gPCR (fig.
3-9 D). The results show that the antiviral genesvirduced by viral replication and its
expression was very similar at each time point iclemed, regardless of which siRNA had been
used.

In conclusion, DICER knock-down in BEAS-2B cells does not favour HRV-1B

replication by impairing pathways leading to IBNRduction.

The possibility that microRNAs bind directly therali RNA, constitute the subject of

following paragraphs.
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fig. 3-8. Sustained knock-down of DICER allows higér replication of HRV-1B
(preliminary experiment).

BEAS-2B cells were treated as summarised in fig. 8- Cells were transfected for three
rounds with either a negative control SiRNA or ddiCER siRNA. 48 hours after the third
round of transfection, cells were infected with theicated MOI of HRV-1B. A) DICER
expression was quantified before infection by RGCGRPHRV-1B RNA was measured by RT-
gPCR 0, 3 and 8 hpB¢(D). The values plotted represent the average of qé@Gfcates from
one experiment. The relative level of viral RNA well normalised to the amount detected at
Ohpi of MOI 0.001.
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(Figure continues on next page)
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fig. 3-9. Sustained knock-down of DICER allows higér replication of HRV-1B

n=3).

(BEA%-ZB cells were treated as summarised in fig. B- Cells were transfected for three
rounds and then infected with HRV-1B at MOI 0.01.

Cells collected just before infection were usedrteasure A) DICER and B) miR-30a-5p
expression by RT-gPCR. HRV-1B RNALY and IFNB1 expressiorD] in infected cells were
measured by RT-gPCR at the indicated time point® the time point “-1” refers to uninfected
cells, collected just before infection (same sasale in A and B). The values plotted are the
arithmetic mean while the error bars represent Sfree independent experiments. *=p<0.05;
**=p<0.01; if nothing is indicated or ns=differenagas not significant compared to cells
transfected with negative control siRNA at the sdime point. p values were calculated using
the unpaired t-test.
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3.2 MicroRNAs directly bind to HRV-1B RNA.

3.2.1 Ago2 co-immunoprecipitation (Ago2 co-IP)

3.2.1.1 Rationale

Mature microRNAs exert their effect as part of boriucleoprotein (RNP) complex
referred to as miRISC, of which Ago proteins amispensable components (Pillai et al. 2004).
Therefore, it is possible to isolate the mRNAs tmixtroRNAS target in a cell, by specifically

purifying Ago proteins, a technique called co-imroprecipitation (see fig. 3-10).

HRV RNA
)

Protein G coated
beads, coupled to
anti-AGO2 Ab

Collection of beads

Detection of co-IP targets (by qPCR)

fig. 3-10. Schematic representation of the rationalbehind Ago2 co-IP
experiments.
Note that target mMRNAs are bound to Ago2 proteraufh their interaction with microRNAs.

3.2.1.2 Optimization

Ago2 co-immunoprecipitations (Ago2 co-IP) had nekeen performed before in our
laboratory. Therefore, it was necessary to optintge protocol, starting from the procedures
described previously (Chi et al. 2009, Keene €266, Peritz et al. 2006). This optimisation is
summarised in the following figures (from fig. 3-1d fig. 3-14) and it consisted in testing

different lysis buffers, washing conditions andilaodly concentrations.

The optimal conditions that have been finally cimpghe composition of all the buffers

used and the detailed protocol can be found ingpapd 2.10. All the cellular mMRNAs detected
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in these experiments had already been shown taréetlg regulated by microRNAs, and were

exploited for this reason as convenient positiveticds.

3.2.1.3 THP1IM®

At first, different combinations of lysis and wasdibuffers were compared to use with
THP-1 cells, while 2x1Dcells/IP were always used for Ago2 co-IP experitmeiThe best
combination was chosen by quantifying the amounPdfl mRNA co-immunoprecipitated
both specifically (when the antibody against Ago@swised) and non-specifically (when no
antibody was used). LysisB-B was preferred ovethallother conditions. In fact, although PXL
showed similar specificity (fig. 3-11 B), LysisB-uaranteed higher absolute recovery of the
mRNA (fig. 3-11 A).

Titration of the antibody suggested thaiglwas the optimal amount to use (fig. 3-12). Irt,fac
for both PU.1 and SMAD2 the amount of co-immunoprecipitated mMRNA peake@ua of
antibody, but then it decreased whaug4wvere used. Looking at the co-immunoprecipitated
miR-155, it peaked atyh of antibody, decreased gigand again increased gigl Although
the latter trend regarding miR-155 was not expeaiedrall the experiment showed clearly that
already 0.fuig of antibody could guarantee co-immunoprecipitatad both miR and target
MRNA, while more than &y were inhibitory. As a matter of fact, a 20-folatiease of antibody
(from 0.1 to 2ug) led to only a marginal increase of signal (iaenount of mMRNA co-
immunoprecipitated) and thereforgdlrepresents a convenient choice. Also a matclotypis
negative control antibody (hereafter IgG) was titdain the same experiments, confirming the
specificity of the antibody used against Ago2, graspecificity of the results obtained.

Finally, three independent Ago2 co-IP experimenisficmed the reproducibility of the method
(fig. 3-12 D).
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fig. 3-11. Optimization of Ago2 co-IP in THP1Mb — lysis and washing buffers.
Previous work from our group has shown that PU.taigeted by miR-155 (Martinez-Nunez

et al. 2009). PU.1 mRNA was measured by RT-gPCR1 BHicial gene symbol: SPI1.

X axis labels indicate the combination lysis/wasiffér used. g of anti-Ago2 antibody was
used, or no antibody at all (No Ab). Beads werehedswith the buffer and for the number of
times indicated here:

LysisB-A: Wash la (x5)LysisB-B: Wash 1b (x5)IPLB: IPWB (x3);PXL: PXLW (x5).

Each bar represents the average of gPCR duplitatesone single experiment.

The calculations adopted can be found in paragealih

In A) the amount of background mRNA (No Ab) or the antassociated with Ago2 (Ago2)
are plotted independently. B) the difference between the Ct value obtaineditoee“No Ab”

or “Ago2” are plotted and used as a measure ofsieificity obtained with the buffers
adopted.

LysisB-B was chosen as the best condition, sincguarantees a large difference from
background (see B) but also high absolute recovEryRNA (see A).
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Victor Paky Bondanese Results: microRNAs target HRV-1B.
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fig. 3-12. Optimization of Ago2 co-IP in THP1Mb cells — antibody titration.
Previous work from our group has shown that PU.d SMAD2 are targeted by miR-155

(Louafi et al. 2010, Martinez-Nunez et al. 2009)tHe legend IgG refers to the negative control
antibody, Ago2 refers to the anti-Ago2 antibody.tiBovere always used at the same
concentration. The amount of antibody used in gAeto C is indicated on the X axisud.
was used in D.

The values plotted i\, B andC represent the average of qPCR duplicates (fromsorge
experiment). filg was chosen as the best condition to use.

In D, the values plotted represent the average, whéeetror bars represent the SD, of three
independent experiments. *=p<0.05; ***=p<0.001.glues were calculated using the unpaired
t-test.
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3.2.1.4 BEAS-2B cells

The protocol optimised for THP-1 cells did not shoptimal results with BEAS-2B
cells. More stringent conditions were adopted mwashing step, and the concentration of salt
(NaCl) in the washing buffer was increased front8 1M. In fact, by looking at the amount
of SMAD2mRNA co-immunoprecipitated, 1M of salt reduced laekground, without harming
significantly the association with Ago2 (fig. 3-13)n antibody titration experiment, confirmed
that Jug was the optimal amount to use also in this cége3-14 A to D). Indeed, it guaranteed
maximal co-IP and it was not saturated, even wradhlgsate was as much as twice more
concentrated. In fact, the amountSMAD2mRNA recovered together with Ago2 (but not with
IgG) was proportional to the amount of cells used ¢éerefore the total amount of Ago2
protein present (fig. 3-14 E). The amount of calied was the same for each co-IP experiment

(2x1®) and it was changed only for the experiment in3ig4 E.

SMAD?2 SMAD?2
2.0 = 196 1.5
3 Ago2
1.5
1.0
z =
IS 9]
< N
) °
= 1.0 g’
[} '
o O]
o k=g
('R
0.5
0.5 |
0.0 0.0 T T
0.3M 1M 03M 1M
NaCl in washing buffer NaCl in washing buffer

fig. 3-13. Optimization of Ago2 co-IP in BEAS-2B dés — washing buffer.

Values plottes refer to the average of gPCR dugglickom one experiment. Lysis B anaglof
antibody were used. The two washing buffers conghatigfered only for the concentration of
NaCl which is indicated on the X axis. 0.3M: Wash; 1M: Wash 1M (see table 2-7 in
materials and methods for recipes). Bothe same calculations as in fig. 3-11 B were used
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fig. 3-14. Optimization of Ago2 co-IP in BEAS-2B dés — antibody titration and
saturation test.

The values plotted, represent the average of gRMRcdtes (from one single experiment).
Previous work from our group has shown that alsSIEBRA1 is targeted by miR-155 (Martinez-
Nunez et al. 2011). COL1A1 has been shown to letad by miR-29b (Ogawa et al. 2010).
Legends as in fig. 3-12. Frofto D antibody titration, fig was chosen as the optimal amount.
1ug of antibody was used B which shows that the amount of antibody used isaturated by

the epitope in the usual conditions (when Z2xtélls/IP were used). Calculations f&rare
shown in table 2-11.
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3.2.2 Ago2 co-IP in THP1M® infected with HRV-1B.

As shown in paragraph 3.1.3, it was not possibleaffiect expression of mature
microRNAs, and in turn HRV replication, in THPIMby knocking dowrDICER However,
Ago2 co-IP could reveal whether microRNAs bind i@vRNA in those cells. THP1& were
infected with HRV-1B at an MOI of 0.01. Six hoursgp-infection cells were lysed in order to
perform Ago2 co-IP. As shown in fig. 3-15 A, altighuHRV-1B RNA was on average enriched
in the fraction co-purified with Ago2, as compatedigG, this difference was not significant.
The same experiments confirmed instead Blatl mMRNA was significantly associated with
Ago2 protein, both compared to negative controbaty and tcGAPDHmMRNA.

3.2.3 Ago2 co-IP in BEAS-2B cells infected with HRV-1B.

In paragraph 3.1.4, it was shown that affectingraiRNA maturation in BEAS-2B
cells, allows higher HRV-1B replication without @fting IFNf induction. This suggested that
microRNAs hamper viral replication with a directchanism. Therefore, Ago2 co-IP was used
in order to test whether in BEAS-2B cells, Ago2daherefore microRNAs) binds directly to
viral RNA during infection.

BEAS-2B cells were infected with HRV-1B at an MAl®01 and were then harvested 6 hours
post-infection. HRV-1B RNA andMAD2 mRNA resulted to specifically associate to Ago2
(fig. 3-15 B). Indeed, in both cases twice as mB&A was recovered with Ago2 as compared
to IgG. In both cases, such difference was stedikyi significant. In contrast, although slightly
more GAPDH mRNA was associated with Ago2 compared to negatorgrol, the difference
was not significant. Furthermore, HRV-1B RNA wasa@gated to Ago2 with a fold enrichment
significantly higher thaltAPDH and comparable t8MAD2 which has already been shown to
be a target of miR-155 (Louafi et al. 2010).

In summary these results show that microRNAs himdoth SMAD2 and HRV-1B
RNA in BEAS-2B cells (fig. 3-15 B). This togetheriitiv previous findings presented in this
thesis, reinforces the hypothesis that in BEAS-2BsanicroRNAs reduce viral replication by
direct binding.
Regarding THP1M instead, Ago2 co-IP experiments could confirm dir@teraction of the
miRISC with PU.1 and SMAD2mRNAs (fig. 3-12 D). HRV-1B RNA showed the samentl
but the results did not reach statistical signifma (fig. 3-15 A) and further experiments may be

needed to clarify this further.
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fig. 3-15. HRV-1B RNA co-immunoprecipitates with Ag2 in BEAS-2B cells, but
notin THP1M &.

(A) THP1M® or (B) BEAS-2B cells were infected with HRV-1B at MOI @.06 hours post-
infection, cells were collected and Ago2 co-IP waerformed following the optimised
protocols.

The values plotted represent the average, whileetiher bars represent the SD, of three
independent experiments. ns=not significant (p>0.65 =p<0.01; *** or ## =p<0.001. p
values were calculated using one way ANOVA with f&oroni post-test correction.

* symbols represent significance as compared todh§&ame gene.

# symbols instead represent significance as cordparago2GAPDH

p-values for the non significant differences betwdégG and Ago2 were re-calculated using
unpaired t-test with Welch’s correction and repaitethe figure.
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3.3 Do microRNAs reduce HRV-1B replication by directly
binding to the viral RNA?

3.3.1 Lentiviral inducible knock-down system.

3.3.1.1 Rationale

The main findings presented so far, support thethgsis that microRNAs affect rhinoviral
replication. As a matter of fact, it has been shtiat in BEAS-2B cells:

a) SustainedICER knock-down leads to lower levels of mature micré®Nand higher

HRV-1B replication (fig. 3-9).

b) HRV-1B RNA associates with Ago2 (fig. 3-15).
Altogether, these findings suggest that microRNABikit HRV-1B replication by directly
binding to the viral RNA. If this was true theristexpected that sustain®dCER knock-down
would also reduce the amount of HRV-1B RNA assedatith Ago2. However, large numbers
of cells are needed in order to perform this expent. Therefore, it was decided to generate
BEAS-2B cells containing an inducible knock-downsteyn. In those cells, a construct
integrated in the chromosomal DNA would allow theducible expression of shRNAs
(functionally identical to sSiRNA). Therefore, thanko this system, the prolonged silencing of
DICER could be achieved in a large number of cells amanbre convenient and economical
than transfecting several times large number ofs ceith synthetic siRNAs. In addition,
because Ago2 has been shown to bind HRV-1B, redutia expression of this protein was
also expected to favour viral replication. In carsibn, three BEAS-2B-derived cells lines were
generated, with inducible expression of either tiggacontrol, or antbDICER or antiAGO2
ShRNAs.

3.3.1.2 Cell line characterization

For this purpose it was decided to employ a lergth\dystem that had already been used
in our group (Martinez-Nunez et al. 2009). The ilérdl nature of the vectors guarantees
efficient integration of the constructs in the gkl genome. It is a so called tet-on system,
meaning that expression of the shRNA is possiblly am the presence of tetracycline or
derivatives, such as doxycycline (Wiznerowicz & ea2003). This particular system consists
of two different lentiviral vectors, each one exgziag a different fluorescent protein as marker.
One vector contains the shRNA expression cassatleeacodes Green Fluorescent Protein

(GFP). The second vector expresses the red fluemegecotein DsRed2. It also expresses tTR-
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KRAB, a tet-dependent transcriptional repressot, timathe absence of doxycycline, prevents
expression of the shRNA and GFP from the otheroredtherefore, cells containing the full
system are constitutively DsRed2 positive. Upon iadstration of doxycycline, they express
both the shRNA and GFP, and become therefore DsB&#2double positive. More details
about generation of the cell lines can be foungramagraph 2.12. However, for the reader’s
convenience, a schematic of the inducible systen3f16) and a table with the genes expected

to be silenced in each cell line (table 3-3) ase aéproduced below.

Usual growth conditions

* tTR-KRAB inhibits transcription.

Doxyxycline in growth medium

Doxycyclin \/\ shRNA
* B S

Yy~

In the presence of Doxycyclin, tTR-KRAB becomes unable to
bind the DNA, thus the shRNA and GFP are expressed.

fig. 3-16. Lentiviral cell lines — schematic of indcible system

Cell line name Plasmid used | Target protein

BEAS-2B LV_neg pLVTHM_neg None (negative control cell lin

1%
N—r

BEAS-2B LV_AGO2 | pLVTHM_AGO?2 | EIF2C2(AGO2)

BEAS-2B LV_DCR | pLVTHM_DCR | DICER1

table 3-3. Lentivirally transduced BEAS-2B cell lires generated.
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The cell lines generated were further characterisemtder to verify that the inducible system
was working as expected. Addition of doxycycline the growth medium should induce
expression of GFP together with the shRNA, andefioee cause silencing of the target gene.
Flow cytometry data showed that in all three dekt$, the system was inducible. As expected,
most cells became GFP positive between two ane ttiags after induction (fig. 3-17). On the
contrary, looking at the expression of b&{CER andAGO2 unexpected results were obtained
(fig. 3-18). In the absence of doxycycline, the reggion of both genes tends to slightly and
gradually decrease over time. This trend was howesgéle for all the cell lines, and it may be
due to cell growth. Therefore more attention wagegito differences on the same day post-
induction. As expected, in the negative controll diele, shRNA induction did not affect
expression of either gene. Doxycycline treatmedtrdit affectAGO2 expression also in cells
expressing antbICER shRNA. On the contrary, induction of atzO2 shRNA led to about
50% knock-down of its target gene in two days. Hesvethe difference with the non-induced
cells diminished over time, until becoming negligibn day 6.

In contrast to the expected observations just meat regardindAGO2 DICER expression
was not affected by doxycycline treatment in cebpressing antibICER shRNA. In those
cells DICER expression was not different from either non-iretlcells or negative control
cells. Surprisingly instead, induction of aAzO2 shRNA, caused up-regulation BACER
which was, on day 6, 1.5 times higher than befodeiction or 3 times higher than non-induced

cells.

Clearly, despite having a functional inducible syst these cell lines did not have the
characteristics wanted: sustained reduction oeelfHCER or AGOZ2 expression. Instead, the
anti-DICER shRNA did not have any effect on the target, ahdeathe antiAGO2shRNA was
effective onAGO2 it caused strong up-regulation PAICER Whether this translated into
increased mature microRNAs has not been teste@uBef time constraints and since the cell

lines did not possess the properties they had peearated for, they were not used further.
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fig. 3-17. Lentivirally transduced BEAS-2B cell lires — inducible expression system.
BEAS-2B cell lines, generated as described in papy?2.12, were treated with 50ng/ml of
doxycycline in order to induce expression of traamsgs (GFP and shRNA).
Cells were then collected every 24 hours and thgemsion of GFP was analysed by flow
cytometry. InA only GFP signal is plotted, in order to easily pame the shift induced. IB,
both GFP and DsRed?2 fluorescence are plotted frelts treated with doxycycline for four

days or mock-treated (“No doxycycline”). From bgnels it can be noted some “leakage” in
both BEAS-2B LV_AGO2 and _DCR cell lines.
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fig. 3-18. Lentivirally transduced BEAS-2B cell lires — expression oAGO2 and

DICER.

Cells treated as in fig. 3-17 were also analyse®RDygPCR in order to quantify expression of
the two target genes. The dots represent the asjenddle the error bars represent the SD from
one experiment performed with four biological reptes. All the samples were normalised
together, using one sample of BEAS-2B LV_neg abiebr, each gene was treated separately.
* =p<0.05; ** or ## =p<0.01; *** =p<0.001; if nothig is indicated, difference was not
significant. p values were calculated using one wdyOVA with Bonferroni post-test
correction.
*symbols represent significance as compared to aiazkted of same cell line at the same day
of treatment.
# symbols instead represent significance as cordpardBEAS-2B LV _neg mock-treated at
same day of treatment.
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3.4 Discussion.

3.4.1 HRV-1B replication in HeLa and THP-1 derived macrophages
(THP1M ®).

The goal of the first part of this investigation svto test whether microRNAs are able to
influence the replication of human Rhinovirus (HRVherefore, replication of a minor group
HRV, namely HRV-1B, was studied in two cell linéseLa and THP1M. Viral replication in
both cell lines was followed over a time courséhbrmeasuring intracellular viral RNA by RT-
gPCR (fig. 3-2) and by titrating infectious virubesl in the medium (fig. 3-3) by limiting
dilutions (TCID50 assay).

Replication of HRV-1B in Hela cells progressed apeeted and it was comparable to what
already published, e.g. (Amineva etal. 2011, Fi@laKenny 1967). In fact, viral RNA
decreased during the first hours post-infectiondidater time points it increased considerably,
reaching plateau around 8 hours post-infectiono Al extracellular viral titre seemed to
confirm this trend. However, the extracellularditrwere always very close to the detection limit
of the technique used, except for the last two tpoits of the highest MOI. Therefore, for
future experiments it was preferred to follow viraplication by measuring the intracellular
viral RNA by RT-gPCR. In fact, the main interesttbfs project is on the replication of viral
RNA that is directly a consequence of viral protpioduction which is what microRNAs act
upon. Release of viral progeny is instead a furitep that may be influenced and regulated by
also other cellular processes.

HRV-1B replicated minimally in THP1M. In fact, viral RNA never reached levels highearth
at time 0 and extracellular virus could be detearly at 10 and 24 hours post-infection and
only for the highest MOI used. Detection of shedizisuggests that HRV-1B was able to have
a productive infection, although small in THP®MThis result was not entirely expected. In
fact, Laza-Stanca et al. showed that HRV-16 wasg #éblreplicate abundantly in THPIM
(Laza-Stanca et al. 2006). Results from the lgttgrer show that viral RNA peaked at 6 hours
post-infection. However, in the same paper theydistl replication of the virus also in
macrophages derived from peripheral blood monomudells (PBMC-MD). Interestingly, in
those cells HRV-16 replication was much more simitawhat we observed in our THP @M
over time viral RNA gradually decreased and no aéextracellular virus was evident. The
THP1M® we used were generated using the same protodolthe paper from Laza-Stanca et
al. Moreover, our cell line was negative to mycgpta contamination. As a consequence, the
discrepancy between our results and theirs maynlieell line age or other batch-specific

differences, or differences pertaining to the HRKis, HRV-16 in the paper, HRV-1B in our
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case. At the same time it is not possible to exxligit our THP1M differentiated more fully
into macrophages compared to theirs, or were fograteasons more similar to PBMCIMIn

the mentioned paper they suggest that the differbastween the two kinds of macrophages rely
on the production of type | IFNs. In fact, althouighboth cell types NF-kB is activated after
infection, only PBMC-Mp produced IFN& and . It is possible then that our THP Iwere
more differentiated and produced IFNs in responsifection, which contributed to repress
viral replication.

However, investigating the reasons behind suclfference was out of the scope of this project.
In fact, although in a milder degree than actuedlyistered, THP1MP were expected to be less
permissive to HRV compared to Hela cells. The tatfeeculation had been made because from
previous work in our group, it was known that THRells express substantially more miR-155
than HelLa cells (fig. 3-1). MiR-155 had been idiéati as an anti-HRV microRNA candidate
by our bioinformatic analysis (table 3-1) and timnade THP1MP an interesting model to work
with. We speculated that THPXmay be rich also in other antiviral microRNAs ahds,
reducing the expression of cellular microRNAs iegd cells was expected to increase viral
replication.

In order to achieve this, we decided to sileM€ER a key enzyme in microRNA
maturation. The latter process involves the agtiait two endonucleases that progressively
shorten the initial microRNA transcript. Droshaasles the primary microRNA (pri-miR) in the
nucleus, while Dicer is responsible for cutting theecursor microRNA (pre-miR) in the
cytoplasm. The mature microRNA so produced assembith Ago proteins in order to be
functional (Filipowicz et al. 2008, Peters & Meist2007). Hence, impairing the activity of
either Drosha or Dicer has been shown to lead tedaction of mature microRNAs e.g.
(Kuehbacher et al. 2007, Schmitter et al. 2006). dfed to targeDICER as already done in
other published research about antiviral activity RNAi or microRNAs (Matskevich &
Moelling 2007, Otsuka et al. 2007, Triboulet et24l07, Wang et al. 2006).

Therefore, a siRNA was transfected into THR. Mk order to reduce the expressionmCER

and 48 hours later cells were infected with HRV-H. assessed by RT-qPCR, the siRNA
caused a reduction @ICER mRNA between 80 and 90% (fig. 3-4 B) but this dit affect
HRV-1B replication (fig. 3-4 A) nor did it lead ta significant reduction of microRNAs (fig.
3-4 C and D). Also other studies showed that 4&satter transfection of aniMCER siRNA,
only a subset of microRNAs were affected, and thedtuction was very rarely above 50%
(Kuehbacher et al. 2007, Suarez et al. 2007, Wettaf. 2009). Regarding the investigations in
virology already mentioned, one was based on maef#le from knock-out animals (Otsuka
et al. 2007) that virtually have no microRNAs (Haeft al. 2005). In the studies based on human

cells instead, they used siRNA agaiB$CER but without assessing the effects of its reduction
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on cellular microRNAs (Matskevich & Moelling 200Triboulet et al. 2007). It is possible that
in these case®)ICER itself was involved in the protection towards Virgection or that the
achieved reduction of microRNAs, although modests wufficient to affect viral replication in
the systems adopted.

Therefore, although reducinBICER expression was expected to cause only a marginal
reduction of microRNAs in THP1R, our results were too variable and overall nohigicant
(fig. 3-4). We speculated that if a stronger deseeaf microRNAs was achieved, clearer
conclusions could be drawn about their impact orWVHBplication. Conceivably, at least two
features may be responsible for the poor effeahmmoRNAs obtained by silencir@ICER (i)

the abundance of microRNAs in a cell, and (ii) ayMeng half-life of microRNAs. In order to
tackle the first point, and assuming that the esgiom of miR-155 represented also the
expression of other antiviral microRNAs, we movadoobronchial epithelial cells (BECs). In
fact, human primary BECs express considerablyn@Bs155 compared to THP1®I(fig. 3-6).

In order to tackle the second point (i.e. the gmltsi that microRNAs have a very long half-
life) cells were transfected for three consecutivees with antibICER siRNA. This was
expected to keePICER expression at low levels for a longer period. immary, it seemed
likely that a prolonge®ICER knock-down in primary BECs would lead to a strangeuction

of cellular microRNAs, as compared to what obtaime@HP1M®, and in turn unveil whether
microRNAs can regulate HRV replication. Howevelipgary BECs did not withstand multiple
transfections (fig. 3-5). As a consequence, thendital epithelial cell line BEAS-2B was
adopted. Transfecting these cells for three rounidl antiDICER siRNA confirmed our
reasoning. In fact, a microRNA well expressed inABE2B cells, such as miR-30a-5p, was
reduced to less than 50% only after the third femt®n (fig. 3-7 C). As expected then, such a
reduction proved to enhance HRV-1B replication.(8¢p C). In addition, recently a systematic
analysis about microRNA turnover has been publisf@dntier etal. 2011). The latter
reinforces what we could infer from our results,iehhis that microRNAs are very stable. This
study confirms indeed, that microRNA half-life che estimated to be in the order of several
days.

We have not verified the knock down of Dicer at t®tein level by western blotting (i)
because of the dramatic reduction@ICER mRNA, (ii) because the cells were infected 48
hours post-transfection, as done also in the opfagrers that used this approach, and (iii)

because we were most interested in the effect oroRNAs, rather than Dicer protein per se.
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3.4.2 AgoZ2 co-IP.

Our results shown in fig. 3-9 imply that Dicer, apdssibly microRNAs, influence
HRV-1B replication. Moreover, impairing the expriess of DICER did not affect the
production of IFNB by the infected cells (fig. 3-9 D). This suppodsr hypothesis that
microRNAs may act on viral replication through aedi mechanism, i.e. binding to the viral
RNA. MicroRNAs regulate translation and stabiliti/tbeir target RNAs by base-pairing with
them and therefore bringing them into contact wigo proteins. In fact the latter associate with
mature miRs (in complexes called miRISCs) and heedctual molecules responsible for the
effects attributed to microRNAs (Peters & Meist@0?2). As a consequence, microRNAs and
their targets can be purified by isolating Ago pis. Since this involves the use of an
antibody, this technique is referred to as co-imamuacipitation (co-IP). Interestingly, around
the time this study was started, a few antibodfesci§ic for Ago proteins were developed,
which also performed well in co-IP experiments (&est al. 2006, Nelson et al. 2007, Rudel
et al. 2008). Before development of such antibqdig® co-IP assays could be performed only
by exploiting tagged Ago proteins and using antiesdior the tag moiety. This meant that cells
needed to be transfected and made express fusitgin®. Moreover, in these systems both co-
immunoprecipitated miRs and mRNAs were those thegracted with the chimeric proteins,
e.g. (Landthaler et al. 2008). Antibodies spedific endogenous Ago proteins allowed use of
co-IP to target the endogenous miRISCs and targéis. had a strong impact on microRNA
investigation and in fact, it promoted the rapidrease in popularity that this technique has
seen. A few antibodies specific for Ago2 have beecessfully adopted in Ago2 co-IP
experiments (Beitzinger et al. 2007, Hassan e@l0, Tan etal. 2009). In particular, the
antibody we employed for our experiments was aksdun a recently published work, where
they identified cellular mRNAs targeted by viralar@RNAs (Dolken et al. 2010).

Therefore, being a straightforward approach, weapdr Ago2 co-IP in order to test if
microRNAs actually bind to viral RNA during HRV-1Replication. The results obtained for
BEAS-2B cells show that the amount of HRV-1B RNA@dated with Ago2, was significantly
higher than in the negative control (fig. 3-15 Bhis means that microRNAs bind viral RNA,
reinforcing the idea that microRNAs regulate HRV-fdplication by a direct mechanism in
bronchial epithelial cells. A similar trend wasalsbtained for THP1b, but in this case the
difference with the negative control did not reathtistical significance (fig. 3-15 A). This is
very interesting because the strategy of impairimgroRNA maturation was unsuccessful in
THP1M®. Thanks to the Ago2 co-IP results, it is posstolespeculate that in THP1M the
interaction between Ago2 and viral RNA is weakarthn BEAS-2B cells and that this could
be due to less microRNA binding. For instance, HPIM® SMAD2was enriched about twice
as much a®U.1 (fig. 3-12 D). This would fit with bioinformaticralysis, which predict miR-
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155 to have two target sequencesSdmAD2(Louafi et al. 2010) but only one &1U.1 mRNAs
(Martinez-Nunez et al. 2009). Therefore, it seemasigible that microRNAs binBMAD2more
tightly thanPU.1 mRNA and that Ago2 co-IP results are able to skaeh differencePU.1is
not expressed in BEAS-2B cells and therefore thepasison made earlier witBMAD2was
not possible in this cell line. However, while iEBS-2B cells microRNAs bound HRV-1B as
strongly asSMAD2 in THP1M® microRNAs bound the viral RNA much less thaMAD2or
PU.L As shown in paragraph 4.2, either increasingealucing miR-155 expression affects
TGF{ signalling in BEAS-2B cells. ThereforEMAD2is a genuine target of miR-155 also in
BEAS-2B cells and as a consequence, the strengthedhteraction between microRNAs and
SMAD?2as detected by AgoZ2 co-IP, identifies a functionadroRNA target. Hence, because the
Ago2 co-IP result foiSMAD2 and for HRV-1B RNA are comparable, also the laten be
expected to be regulated by microRNAs in BEAS-2BscéMinor group HRVs have been
shown to enter the cell through endosomes (Prdida €994). Macrophages are certainly cells
that possess a very high phagocytic activity (Tsucket al. 1982). It is possible then, that
cellular characteristics such as active phagocytaghich is much higher in macrophages than
in undifferentiated monocytes or epithelial cefizay be responsible for the remarkably lower
viral replication in macrophages compared to epaheells. The Ago2 co-IP results we
obtained in THP1M may be a consequence of this. In fact, it canrbagined that in
macrophages, most virus is prevented from uncodkiagks to the cells’ phagocytic activity,
and therefore not much viral RNA comes into conteth microRNAS.

Ago co-IP has been widely used in microRNA researdvertheless, the use we made
of it is original, because in the literature it hasly been used to identify cellular mRNAs
targeted by microRNAs. This study is instead tist fone to show that the RNA of a virus is

co-immunoprecipitated with Ago2.

3.4.3 Lentiviral BEAS-2B cell lines.

The observation that it was necessary to silddk&@ER for several days, in order to
produce a substantial reduction in microRNA expoggsinspired the generation of stably
transfected cell lines with inducible siRNA expiliess Such a system was ideal for our
purposes because it would allow the controlled armdonged silencing oDICER in a large
number of cells. Infecting those cells with HRV-&®uld have made possible to reinforce and
causally link the previous results. In fact, cellsh less Dicer would be expected to support
higher viral replication, and at the same time hags HRV-1B RNA bound to Ago2.

In addition, we reasoned that if Ago2-bound micr@®Nare able to hamper viral

replication, then knocking-dowAGO2 would promote HRV-1B replication. For this purpose
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BEAS-2B cells were transduced with lentiviral pelgs bearing inducible short hairpin RNA
constructs (shRNA; same activity as siRNA). Thrdéerent lentiviral vectors were generated
that express three different shRNAs: dCER anti-AGO2 or negative control. Thus, three
cell lines were generated by selecting stably ttaosd cells (fig. 2-5). In those cells, shRNA
expression is induced by adding doxycycline to thedium. Unfortunately, the cell lines
obtained were not as wanted, because expressidhneafwo genes of interesDICER and
AGO2 would not change as expected. All the construatee inducible as demonstrated by
flow cytometry (fig. 3-17), but the anBMCER shRNA did not affect expression of its target.
Anti-AGO2 shRNA was instead functional but repressioGO2 triggered the up-regulation
of DICER (fig. 3-18). This was unexpected. The possibilityat cells would react to the
silencing ofAGO2 by inducingDICER expression, was not anticipated from the liteeatéror
instance, Schmitter et. al knocked-down eith&0O (from 1 to 4) oDICER in HEK cells, but
they did not show the reciprocal influence of suetiuctions (Schmitter et al. 2006). However,
they showed that reduction of either Ago2 or Ditest to release of microRNA-mediated
suppression of luciferase reporters. It is possi¢ HEK and BEAS-2B cells differ in this, and
that AGO2 knock-down does not triggddICER up-regulation in HEK cells. We have not
verified whether microRNA activity was impairedtime Ago2 cells line for technical and time
reasons. Moreover, because of these unexpectdtsrélsa use of these cell lines was discarded
and no further experiments were performed with th&lavertheless, these results are very
interesting and may be highlighting a cellular hostatic mechanism. It is possible in fact, that
in BEAS-2B cells reduction of Ago2 lowers the miRIA activity that is available to the cells.
The latter would then try to compensate such Igssrbducing more Dicer, in order to increase
the amount of mature microRNAs. This is an intengstobservation that prompts to ask
whether there is a feedback mechanism that is @abl@eserve functionality of the cellular

microRNA machinery.

In summary, the experiments performed led us t@sh@BEAS-2B cells as the cellular
model in which to investigate the interaction beaweHRY and microRNAs. Ago2 co-IP
revealed that as hypothesised, microRNAs do bindR¥-1B genomic RNA, reinforcing the
suggestion that microRNAs hamper HRV-1B replicatmndirect targeting. Although more
evidence is still necessary, these results encedragudying whether differences in the
expression of microRNAs between healthy and astnBECs influence the replication of

human Rhinovirus in these cells.
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Chapter 4
RESULTS: microRNA deficiency in asthmatic
bronchial epithelial cells and its possible role in

asthma.
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4.1 MicroRNAs deficient in asthmatic BECs affect

rhinoviral replication.

The results presented in the previous chapter stihav microRNAs influence the
replication of HRV-1B. This was shown using therroial epithelial cell line BEAS-2B. The
current chapter presents experiments performedderdo investigate the second hypothesis of
this project. In fact, knowing that asthmatic BE&s more permissive to HRV compared to
healthy BECs (Wark etal. 2005) we hypothesizedt thsthmatic cells are deficient in
microRNAs that hamper HRYV replication.

In order to test whether there is a deficiencyhiméxpression of antiviral microRNAs in
asthmatic broncho-epithelium, microRNA RT-gPCR wsravere performed with RNA from
healthy and asthmatic BECs. The arrays used wegendia Array microRNA (card A) from
Applied Biosystems, which contains primers to det8¢7 microRNAs, among the most
commonly studied ones (for more details see magesiad methods, paragraph 2.13). For each
group, BECs from four different donors were used] aach sample was analysed separately.
The results highlighted that the expression of ebmr of microRNAs was reduced in the
asthmatic BECs, as compared to the healthy cellpaiticular, a few were expressed less than
50% in asthmatic BECs as compared to the healtbgtegoarts. These miRs are represented by
the dots that fall underneath the double line, he scatter plots in fig. 4-1. For all the
microRNAs, p-values were calculated by unpaireést-and those with a p-value lower than
0.05 were selected (27 microRNAs in total). Thisugr of microRNAs (fig. 4-1 B) was entered
in the prediction algorithm developed by the Sdghl(see paragraph 2.15) in order to predict
which one would target HRV-16 or HRV-1B. Proceedasy previously done (see paragraph
3.1.1) only the microRNAs that were predicted tgéa both viruses were selected (table 4-1).
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fig. 4-1. MicroRNA RT-qPCR arrays
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The axes refer to microRNA expression levels cated for asthmatic (y axis) or healthy BECs
(x axis). Above the two grey lines fall all the m&NAs that are more than 1.5 times more
abundant in asthmatic BECs, while underneath treelimes all those that are more than 1.5
times less abundant. MicroRNA expression was caledl using RNU44 as a reference gene,
while the averag@&Ct of all the microRNAs included was used as abcator (to calculate the
AACt) see paragraph 2.13 for more details.
Among all the microRNAs taken into accoui) (a few were selected] because they were
differently expressed between the two groups, Wwih.05 using unpaired t-test. Most of the
RNA samples used for this figure (see table 2-1pewendly provided by Dr. Nicole Bedke.
RT-qPCR arrays were preformed by Victor Paky Bordan
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virus | microRNA | Start End Seed dGduplex dGopen ddG
HRV-1B | hsa-miR-17 2276 2268 8:1.0 -20.3 -6.29 -
HRV-1B | hsa-miR-99b | 2128 2120 8:1:1 -18.76 -6.35  .41p
HRV-1B | hsa-miR-20a | 2276 2268 8:1:0 -18.3 -6.29 12
HRV-1B | hsa-miR-140-59 1535 1527 8:1:0 -17.2 5.3 1.89
HRV-1B | hsa-miR-155 | 2901 2893 8:0:1 -15.12 -3.24 871
HRV-1B | hsa-miR-93 2276 2268 8:1.0 -18.1 -6.29 -1}1.8
HRV-1B | hsa-miR-128 | 1562 1554 8:1:0 -16.4 528 111
HRV-1B | hsa-miR-106b| 2276 2268 8:1:0 -17.2 -6.29  .91p
HRV-1B | hsa-miR-34a | 2644 2636 8:1.0 -16.2 -5.44  75(.
HRV-1B | hsa-miR-301a| 4633 4625 8:1:1 -15 -5.06 -9jo3
HRV-1B | hsa-miR-18a | 2124 2116 8:1:1 -14.81 -4.9 -49
HRV-1B | hsa-miR-106b| 4777 4769 8:1:0 -17.81 -7.96 .849|
HRV-1B | hsa-miR-99b | 2287 2279 8:1:.0 -19.2 -10.15 049
HRV-1B | hsa-miR-19b | 6668 6660 8:1:0 -14.1 -5.07  29p
HRV-1B | hsa-miR-34a | 5945 5937 8:1:1 -14.7 -5.69 b
B

virus | microRNA | Start End Seed dGduplex dGopen ddG
HRV-16 | hsa-miR-34a | 2470 2462 8:1:1 -21.3 -3.4 2418
HRV-16 | hsa-miR-34a | 4950 4944 6:0:0 -20.5 -4.09  41p.
HRV-16 | hsa-miR-34a | 1693 1686 7:0:0 -20.04 78 233
HRV-16 | hsa-miR-155 | 3720 3712 8:1:.0 -16.6 -5.27 323
HRV-16 | hsa-miR-494 564 558  6:0:0 -21.6 -10.86  -3q.7
HRV-16 | hsa-miR-19b | 3666 3658 8:1:1 -18.4 -7.76 63
HRV-16 | hsa-miR-125b| 5633 5625 8:1:1 -16 566  -4(Q.3
HRV-16 | hsa-miR-140-5p 1201 1193 8:1:1 -16.1 -6.18 9.91
HRV-16 | hsa-miR-34a | 1805 1797 8:1:1 -15.1 -5.34 597
HRV-16 | hsa-miR-125b| 4086 4078 8:1:0 -15.9 -6.32 579|
HRV-16 | hsa-miR-155 717 709 8:1:.0 -12.6 -3.22 o7
HRV-16 | hsa-miR-93 4785 4779 6:0:0 -12.7 -3.34 -0B5
HRV-16 | hsa-miR-128 | 3600 3592 8:0:0 -17.4 -8.15  49p
HRV-16 | hsa-miR-18a 738 730 8:1:0 -15.3 -6.1 -ojo
HRV-16 | hsa-miR-29b | 3833 3825 8:1:.0 -17.8 -8.67 291
HRV-16 | hsa-miR-106b| 2901 2893 8:1:1 -16.1 -7.01 089}

Continues on next page
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C

miRs selected for validation|

hsa-miR-106b
hsa-miR-128
hsa-miR-140-5p
hsa-miR-155
hsa-miR-18a
hsa-miR-19b
hsa-miR-34a

8 hsa-miR-93
table 4-1. MicroRNAs that have low expression in dlsmatic BECs are predicted to
target both HRV-1B and HRV-16.

The microRNAs plotted in fig. 4-1 B have been u$eda target prediction analysis against
HRV-16 (A) or HRV-1B (B). Only the microRNAs predéd to target both viruses were

selected for further study (C).

~No o WN PR

Expression of the latter microRNAs was then meabbse RT-gPCR (single assay) in
the same samples used for the arrays and alsaéaaddisamples, (in total 13 for healthy and 15
for asthmatics) in order to validate the array ltssffig. 4-2). Three microRNAs, namely miR-
140-5p, miR-34a and miR-93, were not confirmed ¢oexpressed at significantly different
levels between asthmatic and healthy BECs andegovtiere discarded.

The remainder microRNAs were taken into considenain order to test whether their
lack is able to influence HRV replication. In fabey are (a) less abundant in asthmatic cells
and (b) predicted to target HRV genomes. TherefBEeAS-2B cells were transfected with
synthetic microRNA antagonists (antimiRs) one dafole infection with HRV-1B. Cells were
collected 8 hours post-infection and viral RNA wasantified by RT-gPCR. The results
obtained show that silencing either miR-155 or -i®ured viral replication (fig. 4-3). In fact,
when cells were transfected with either antimiR1.06 -18a or -19b, the amount of viral RNA
was no different compared to negative control aitinmstead, when antimiR-155 or -128 were

used, viral RNA was around 50% higher.
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fig. 4-2. Validation of microRNA array results.
Expression of the microRNAs selected (table 4-1w@ps measured by tagman microRNA

assays, in order to validate the array resultstfigy are less abundant in asthmatic BECs). The
healthy (n=13) and the asthmatic (n=15) BECs usellide also those previously used for the
array. Relative expression values were plotted gu&iox and wiskers plots, were 5 to 95
percentiles are shown. ns=not significant (p>0.05p<0.05; **=p<0.01. p values were
calculated using Mann Whitney test.
Most of the RNA samples used for this figure (saiele¢ 2-1) were kindly provided by Dr.
Nicole Bedke. RT-gPCR was preformed by Victor PBkydanese.
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fig. 4-3. Antiviral activity of miR-155 and miR-128in BEAS-2B cells.
BEAS-2B cells were transfected with the antimiRdigated. The following day they were

infected with HRV-1B at MOI of 0.01. HRV-1B was nsesed by RT-gPCR from samples
collected at 8 hours post-infection. The valuestptbrepresent the average, while the error bars
represent the SD, from 3 biological replicates.=y%0.001; where nothing is indicated the
difference was not significant, as compared to tieg@ontrol antimiR.

P values were calculated using one way ANOVA witmnfrroni post-test correction.
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4.2 MicroRNAs deficient in asthmatic BECs modulate
downstream effects of IL-13 and TGFB.

4.2.1 Rationale.

It is widely accepted that IL-13 (Berry et al. 20G4uang et al. 1995, Humbert et al.
1997) and TGH (Torrego et al. 2007) play important roles in ash Both cytokines have a
dramatic effect on the physiology of lung epithediuand may be largely responsible for the
inflammation and remodelling associated with asthRt@anoviral infections are a major trigger
of asthma exacerbations. T@GHas been shown to increase replication of regpiratiruses in
fibroblasts (Thomas et al. 2009) and bronchialheghial cells (McCann & Imani 2007) and also
IL-13 has been suggested to favour HRV replicationthe asthmatic lung epithelium
(Lachowicz-Scroggins et al. 2010).
Very interestingly, in the present investigatiomdts been found that among others, miR-155 is
less abundant in asthmatic BECs. This is potept@dibreat relevance to asthma, because of the
role played by the two cytokines just mentionedfdat, microRNA-155 has been shown to
attenuate the cellular signalling of IL-13 and T@&KEsee fig. 4-4). Specifically, the microRNA
directly targetdL13RA1 subunit of the receptor for IL-13 (Martinez-Nunetzal. 2011) and
SMAD2 an important mediator in TGEsignal transduction (Louafi et al. 2010).
In addition, at least other two microRNAs identifieogether with miR-155 are predicted to
have the same targets, namely miR-18a and miRih3&articular, while miR-18a is predicted
to targetSMADZ miR-128 is predicted to target bd#MAD2andIL13RAL1 In addition, miR-
128 has already been shown to affect negatively -BGignalling by targeting one of the
receptor subunitsSTGFBR1(Mastri et al. 2010) and it is predicted to targksito SMAD4 MiR-
18a and miR-19b have been shown to be potent tohsbof TGFB signalling (Mestdagh et al.
2010). MiR-18a is also predicted to target STAT®y knolecule in IL-13 pathway. Also miR-
106b has been shown to affect T@Rpathway by targeting GFBR2 (Wang et al. 2010a).
Among the microRNAs that have not been validatedbye the array data suggested being
lower in asthmatic BECs, miR-21 has been shownatget the TGH receptor subunit
TGFBR2(Kim et al. 2009). Overall, the array data presdritere suggest that the microRNA
deficiency uncovered in asthmatic BECs, may be ntam in asthma by favouring especially
TGF{ but also IL-13 signalling. Although the differescaeasured for each microRNA can be
considered modest, intriguingly their individualesits may sum together by converging on the
same pathways (see fig. 5-2). Moreover, all theoR&As identified are abundantly expressed

in primary BECs (fig. 4-5).
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Hence, we hypothesised that microRNA deficiencBECs has an important role in
asthma, through its ability to modulate the cellulasponses to IL-13 and TGF-Such
deficiency may allow a stronger response to thgsekimes and be responsible for important
features of chronic asthma besides facilitatinglvieplication. Because our group had shown

that microRNA-155 targets both TGFand IL-13 pathways, this microRNA was exploited
more than the others mentioned here, in orderstalies hypothesis.

TGF-B pathway IL-4 / IL-13 pathway
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fig. 4-4. Schematic of TGHB and IL-4 / IL-13 pathways.
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fig. 4-5. MicroRNAs hypothesised to affect TGH3 or IL-13 pathways have similar
or higher expression compared to miR-155.
The data plotted are the same as for fig. 4-2 lewme hhe different microRNAs have been

normalised altogether, in order to highlight theillative abundance. MiR-128 average Ct value
in healthy BECs is 29.7.
*=p<0.05. p values were calculated using Mann \\dyittest.
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4.2.2 Asthmatic BECs express less miR-155 and have higher
expression of both its direct targets and genes inded by TGF-

3 and IL-13.

It was striking also that in the sample set avédabxpression cBMAD2andIL13RAL
in primary BECs correlated strongly together (fig6). In particular, as expected from the
expression of miR-155 in the two groups, asthmzgilts express these genes more than healthy
ones. As a consequence, it was interesting to atelhether TGB- and IL-13 downstream

genes also presented a similar trend and spetjfitalsthmatic BECs expressed them at higher

level.
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fig. 4-6. SMAD2 and I L13RA1 expression correlates in primary BECs and it is

higher in asthmatic cells.
Expression of the genes indicated was measured TogRTR, using RNA purified from

healthy (n=10) or asthmatic (n=11) cultured primBBCs. A) Relative expression values were
plotted using box and wiskers plots, were 5 to 8fcentiles are shown. *=p<0.05; **=p<0.01.
p values were calculated using Mann Whitney tastB) for each sample the expression of
each gene is plotted on a separate axis. Nonpaiar8eearman correlation analysis confirmed
that there is a significant positive correlatiotmeenSMAD2andIL13RAL

r=Spearman correlation coefficient.

All the RNA samples used for this figure (see tablg) were kindly provided by Dr. Nicole
Bedke. RT-gPCR was preformed by Dr Fethi Louafi.
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While IL13 mRNA was not detectable, the expressiofGFB1 TGFB2andTGFB3could be
measured by RT-gPCR (fig. 4-7). Although there vaasrend forTFGB2 to be higher in
asthmatic cells, the three isoforms appeared texpeessed at comparable levels in the two
groups of cells. The downstream genes measured SERPINE1COL1A1andCOL1A2 for
TGF{3 while SOCS1IL8 andCCL26were measured for IL-13 signalling. As anticipattis
revealed a trend for asthmatics to express higheld of all the genes measured, vCS1

andCOL1Alreaching statistical significance.

This observation provides an interesting insighttioa status of bronchial epithelial
cells in asthma, showing that T@FRand IL-13 pathways are “switched on” already atdhiae,
promoting the over-expression of genes importanteimodelling, such aSERPINEland
COL1A1 and inflammation such &CL26
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fig. 4-7. Genes responsive to TGB-and IL-13 tend to be more expressed in

asthmatic primary BECs.
Expression of the genes indicated was measuredrbyFR, from the same samples as in fig.

4-6. ns=non significant; *=p<0.05. p values werkealated using Mann Whitney test.
All the RNA samples used for this figure (see tablg) were kindly provided by Dr. Nicole
Bedke. RT-gPCR was preformed by Dr Fethi Louafi.
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4.2.3 MiR-155 expression in asthmatic BECs is not influeted by
TGF-.

TGF{3 has been shown to either up- or down-regulate H&R-depending on the cell
model (Kong et al. 2008, Martin et al. 2006, Poteeal. 2009). So it is conceivable that if
TGF{3 was able to down-regulate miR-155 in BECs, théndigr GFB activity that is found in
asthmatic lungs would be responsible for the loggression of miR-155 in asthmatic BECs.
In order to gather some evidence about this pdigikie took advantage of being in a high
profile asthma research centre. In fact, the sawestigators who provided us with the samples
from untreated BECs, which were used for the mittdRarray, could show that in asthmatic
BECs endogenous T@EBR2 production is responsible for increased p-SMADR2 Bedke N,
unpublished data). In particular, they had tregigthary BECs from asthmatics with either
TGF{32 or an anti-TGH2 blocking antibody. Measuring the expression oR+hb5 in these
samples (from 4 different donors) showed that tierg®RNA was not affected by TGB2 (fig.
4-8 B). Although some fluctuation was evident, nariethe treatments induced any overall
significant difference. Looking at each donor sepely it is clear that the fluctuations were not
dependent on TGB-signalling: the direction of the fluctuations waways the same regardless
of whether TGH32 or the blocking antibody was used. On the opppsft miR-155 was
regulated by TGR in these cells, the two treatments would have sippmr at least different
effects. This was in fact what happenedC©L1Alin the same samples. As expected, while
exogenous TGPB2 strongly inducedCOL1A1 expression, the blocking antibody slightly
reduced it (fig. 4-8 B).

This data encourage thinking that expression of-rBR in the lung is not influenced
by acute asthmatic episodes, and that in partitbiéamicroRNA is not influenced by TGFin

asthmatic BECs, but it is rather an intrinsic ck#gastic of those cells.
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fig. 4-8. The expression of miR-155 in primary BEC$rom asthmatics is not

affected by TGF$.
Expression ofCOL1A1(A) or miR-155 B) was measured by RT-qPCR in cultured primary

BECs from 4 different asthmatic donors that wetkegimock treated, treated with anti-TBE-
blocking antibody or treated with T@F2 (10ng/ml) for 24 hours. These samples were kindly
provided by Dr N. Bedke.

ns=non significant; **=p<0.01. p values were caitatl using the repeated-measures (paired)
one-way ANOVA test with Bonferroni correction.

All the RNA samples used for this figure (see tablg) were kindly provided by Dr. Nicole
Bedke. RT-gPCR was preformed by Victor Paky Bondane
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4.2.4 Over-expression of miR-155 in BEAS-2B cells mimics
differences in gene expression between healthy amgthmatic
BECs.

In order to study the role of miR-155 in human BE®@#® cell lines were generated that
differ in the expression of the microRNA. BEAS-28lls were stably transduced with lentiviral
constructs expressing either a negative controNghiB2B-C) or miR-155 (B2B-155). The
two cell lines were assessed regarding the expresdimiR-155 and the same panel of genes
shown for primary BECs. This confirmed that as expeé, B2B-155 had higher levels of miR-
155 compared to B2B-C. In turn, this affected tkpression of not only direct targets of miR-
155 such aSMAD2 IL13RA1 andSOCSIbut alsoCOL1A1(fig. 4-9).

In summary, altering the levels of miR-155 in BE&B-cells, induced changes in gene

expression that mirror the differences observedden healthy and asthmatic BECs.
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fig. 4-9. Over-expression of miR-155 in BEAS-2B dslreduces the levels 6cBMAD2

and IL13RA1 mRNA.
BEAS-2B cells were stably transduced with lentivitanstructs expressing either a negative

control shRNA (B2B-C) or miR-155 (B2B-155). miR-155MAD2 IL13RA1 SOCSland
COL1A1 expression were measured by RT-gPCR in #fidices selected. The values plotted
represent the average, while the error bars représe SD, of three independent experiments.
*=p<0.05; *=p<0.01. p-values were calculated usihg unpaired t-test.

The cell lines B2B-C and B2B-155 were generatedlescribed in paragraph 2.12.1 by Ana
Francisco Garcia in collaboration with Victor Pdgndanese and Dr Fethi Louafi. All the data
plotted in this figure have been generated by DhiReouafi.
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4.2.5 Over-expression of miR-155 reduces the response T&GF-p and
IL-13.

The BEAS-2B derived cell lines were treated withthei TGFB1, IL-13 or left
untreated. RNA was then extracted 24 hours later expression of responsive genes was
measured by RT-gPCR (fig. 4-1BERPINElandCOL1Alwere used to assess the response to
TGF{3, while SOCSlandCCL26were used to assess the response to IL-13. AExafter
treatment B2B-C cells expressed significantly higkeels of the genes analysed compared to
B2B-155.

In fact, following TGFB treatment,SERPINE1ImMRNA was up-regulated about 12-fold in
control cells, but only about 8-fold in B2B-155. d@edingCOL1Alexpression, it was several
folds higher in B2B-C than in B2B-155 cells, botkfdre and after TGB-treatment (fig. 4-10
A).

A similar pattern was also observed following IL-fr@atment. Expression @OCS1was
nearly 3-fold increased in B2B-C while it reachadyawo-fold induction in B2B-155CCL26
was up-regulated about 2-fold by IL-13 in B2B-C,il@honly 1.5 times in the cells over-
expressing miR-155 (fig. 4-10 B).

These data demonstrate that in bronchial epitheéiis, miR-155 is able to modulate
the cellular response to TGQFand IL-13. In particular, cells with lower levadéthe miR, as it
is the case of primary BECs from asthmatic patiesihibit higher response to both cytokines.
This translates into higher expression of gene®luad in remodelling $ERPINEland

COL1A) and inflammation@QCL26§ that have been shown to have a role in asthma.

4.2.6 Over-expression of miR-155 is able to counteract éincrease in
HRV replication induced by TGF-f3.

B2B cell lines were treated with 10ng/ml of T@Fand 48 hours later they were
infected with HRV-1B or HRV-16 at MOI of 0.1. Cellgere harvested 8 hours post-infection
and viral RNA was measured by RT-gPCR. In both teéls, TGFB was able to enhance
replication of both viruses. However, such increaas higher in B2B-C as compared to B2B-
155 cells (fig. 4-11). Over-expression of miR-1%sluced the amount of HRV-1B RNA in
treated cells from 2.5 to 1.5 fold (compared toremtied B2B-C cells). Similarly, it nearly
halved the amount of HRV-16 RNA in treated cells.
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In summary, the last piece of data show that reglueeels of miR155, allowing a

stronger TGB signalling, lead to higher HRV replication.
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fig. 4-10. Over-expression of miR-155 reduces th&ects of TGF and IL-13 in

BEAS-2B cells.
B2B-C and B2B-155 cells were either mock treatedreated with 10ng/ml of TGB41 or

60ng/ml of IL-13. 24 hours after treatment, expi@ssof (A) TGF{3 responsive genes
SERPINElandCOL1Alor B) IL-13 responsive geneSOCS1land CCL26 was measured by
RT-gPCR. The values plotted represent the averalgge the error bars represent the SD, of
three independent experiments. *=p<0.05; **=p<0.8%=p<0.001. p-values were calculated
using one-way ANOVA with Bonferroni post-test catien.

All the data plotted in this figure have been gatent by Dr Fethi Louafi and Victor Paky

Bondanese.
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fig. 4-11. Over-expression of miR-155 in BEAS-2B te counteracts the increased
HRV replication induced by TGF-p.

B2B-C and B2B-155 cells were treated with 10ng/mITG&GF1. 48 hours later cells were
infected with either HRV-1B or HRV-16 at MOI of 0.8 hours post-infection cells were
harvested and HRV-1B or HRV-16 RNA was measuredRAygPCR. The values plotted
represent the average, while the error bars représe SD, of three independent experiments.
*=p<0.05. p-values were calculated using one-way QMM with Bonferroni post-test
correction.

All the data plotted in this figure have been gatext by Dr Fethi Louafi and Victor Paky
Bondanese.
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4.2.7 Inhibiting miR-155 or miR-18a in BEAS-2B cells is &le to

influence genes downstream TGHB.

In order to confirm that what was shown by overfesging miR-155 could be obtained
also by inhibiting the activity of the microRNA, B&-2B cells were transfected with either a
negative control antimiR, or antimiRs specific agaimiR-155 or miR-18a. 24 hours later cells
were treated with either 0.2 or 1 ng/ml of T@E-or mock treated. Further 24 hours later, cells
were harvested and mMRNSERPINElwas measured by RT-gPCR. As shown in fig. 4-12,
inhibiting either microRNA resulted in higher indiom of the TGHB responsive gene.
Noteworthy is the intensity of such increase. WhaR-18a was inhibited, 0.2ng/ml of the
cytokine was able to induce almost as m8&RPINElas 1ng/ml of TGH did in the negative
control (around 6 times higher than negative cdntrock treated). In other words, inhibiting
the microRNA resulted in about 5-fold increase ed efficacy of the cytokine. Also striking
was the increase due to silencing the microRNASERPINE lexpression at baseline (0 ng/ml
of TGF{3) which was more than twice higher than the negationtrol. Finally, when 1 ng/ml
TGF{f3 was usedSERPINElinduction went from about 6 in the negative cantooabout 30
times higher than untreated negative control, exdélls where miR-155 or miR-18a had been
inhibited. Although this experiment has been penfed only once, it reinforces that miR-155
affects TGHB signal transduction in BEAS-2B cells, and cleaslyows that also miR-18a

influences the same pathway.
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4.3 Discussion.

One of the hypotheses that have inspired this grdge that there may be differences in
microRNA expression between asthmatic and healthyndhial epithelial cells (BECSs)
contributing to asthmatic features of this cellaypuch as higher viral replication.

In order to investigate this possibility, we perfad microRNA RT-gPCR arrays on RNA
extracted from cultured primary BECs and we foumat indeed there are small differences in
the expression of a few microRNAs. Strikingly, mastroRNAs differentially expressed are
less abundant in asthmatics, while only a few aseerabundant (fig. 4-1).

Other groups looked into whether microRNAs are adédhtially expressed in healthy and
asthmatic lungs. For instance, Williams et al. (\Mfihs et al. 2009) performed microRNA
arrays from bronchoscopic biopsies, finding noatéhces between the two groups. However,
the authors suggest that their negative results beexplained considering that a biopsy
includes many different cell types, and they shdwttin fact those cell types express
microRNAs at different levels. One limitation ofathpaper is that for this purpose they used a
mixture of primary and immortalised cells. For exdenthey used BEAS-2B cells rather than
primary BECs. Nevertheless, they convincingly shibat the expression of microRNAs is very
different in the different cell types that can loeirfid in a biopsy: monocytic cells, fibroblasts,
BECs and airway smooth muscle cells. On the contraur array data is based on only one
cellular type: primary BECs. Those cells were aiedi by brushing the bronchial epithelium
during bronchoscopies, and were then cultured thofor only two passages. Therefore they
are a very precious material and they representobitiee best models to study the epithelial
cells of human airways.

Eight microRNAs, under-expressed in asthmatic B&E€sording to the array results,
were also predicted to target both HRV-1B and t&6l¢ 4-1 C). However, only five of those
miRs were validated using single assay RT-gPCRs Teans that measuring their expression
in a large number of samples, confirmed that theysagnificantly more abundant in healthy
than asthmatic BECs (fig. 4-2).

This finding, together with our previous resultsiceuraged us to question whether such a
microRNA deficiency plays a role in the higher ieation that Rhinoviruses have in asthmatic
BECs (Wark et al. 2005). In fact, our Ago2 co-IBuits in BEAS-2B cells suggest that, by 6
hours post-infection, microRNAs make direct contadth HRV-1B RNA in bronchial
epithelial cells. Therefore, we hypothesised thatmicroRNAs we validated are actually able
to bind to the viral RNA and hamper viral repliceti In order to test this hypothesis, BEAS-2B
cells were employed again. Oligonucleotides anteg®mf microRNAs (antimiRs) were used
to silence the validated microRNAs one at a tintee fesults presented here show that miR-155

and miR-128 are able to reduce HRV-1B replicatimBEAS-2B cells. In fact, transfection of
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antimiRs specific for either microRNA, increasecavireplication compared to negative control
(fig. 4-3). The experiment performed cannot excltrdepossibility that this is an indirect effect.
Reducing the activity of those two microRNAs coblave affected for instance the IFN-related
antiviral machinery. Measuring the expression disdFor genes induced by IFNs, would clarify
this point. However, speculations can be madedkelude the possibility of an indirect effect.
For example, since miR-155 targets SOCS1, an itahilif type | IFN induction (Wang et al.
2010), it can be assumed that reduction of miRfaybured viral replication through increase
of SOCS1. However, miR-19b has also been showarget SOCS1 (Pichiorri et al. 2008) but
its reduction did not have any effect on viral regtion, at least within 8 hours post-infection.
However, the use of a more straightforward apprpadch as Ago2 co-IP, would be ideal.
Indeed, if miR-155 and -128 hampered viral replamaby a direct mechanism, the association
of viral RNA with Ago2 would be reduced in cells e those miRs were knocked-down. This
could be tested in the future, as mainly time Bnitevented me from doing so.

The microRNA deficiency found in asthmatic BECs naégo be at the base of the other
observations we could make regarding their geneessgipn. In fact, looking at mRNA
expression, we also found that b@MAD2andIL13RAlare higher in asthmatic BECs (fig.
4-6) which also have less miR-155 (fig. 4-5) and #eems to have consequences on the above
mentioned pathways. Asthmatic primary BECs in fatiow a trend to over-express several
genes that are downstream TGFnd IL-13 pathways, in the absence of any treatnweith
COL1A1 and SOCS1reaching statistical significance (fig. 4-7). Imetsame way, BEAS-2B
cells with lower miR-155 expression, over-expresS&tiAD2 IL13RA1 COL1A1andSOCS1
(fig. 4-9) and in addition, they were more respwedo TGFB and IL-13 (fig. 4-10). Not only
miR-155 was able to reduce the expression of gesesitive to TG, but the microRNA also
clearly contrasted the increased replication ohdRV-1B and -16 induced by TFfig.
4-11).

Strikingly, while it was possible to show in BEAS-Zells that knock-down of miR-
155 favours HRV-1B replication by 8 hour p.i. (fig-3), its up-regulation did not have the
opposite effect (fig. 4-11). These may seem cotitigsesults at first, but actually they can be
explained by assuming that the amount of miR-15%essed is already at saturating levels, for
the miR to have antiviral activity. In such casdant, reducing miR-155 below a critical point
would be expected to promote viral replication. tBe contrary its over-expression, would

produce molecules that are in excess and do net&aantiviral role.

Although using only a limited number of donorsywes also observed that T@Fdoes
not influence the expression of miR-155 in asthmBECs. This is an interesting finding. In

fact, it has been previously shown that miR-158ae/n-regulated by TGB-in lung fibroblasts
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(Martin et al. 2006, Pottier etal. 2009) but sunlestigation has not been performed on
primary BECs. However, in the paper by Pottiemét(Pottier et al. 2009) they report that TGF-
B had no effect on miR-155 in A549 cells, a humareallar epithelial cell line. Our results on
primary BECs are in agreement with this observa#ind, if confirmed in a larger population,
imply that the asthmatic microRNA deficiency isrinsic to the epithelium, rather than being
the effect of the higher TGE-activity seen in asthmatics. For the same reasomguld then

be interesting to verify whether any of the othécroRNAs identified in this study, are affected

by TGF or IL-13.
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Chapter 5

General discussion and future research.

Asthma is a disease with high prelevance worldwittynting around 300 million
people affected and 250,000 estimated deaths par (&NA 2010). There is no cure for
asthma and it is a lifelong condition, where pdtesuffer from recurrent airflow reduction.
Therefore, management of asthma consists in kegpi@gsymptoms under control. This is
mainly achieved by avoiding the triggering factarsd using a combination of reliever and
controller medications (Bernstein 2008, GINA 2018though the current asthma management
allows patients to lead a good life style, it i4 able to avoid asthma exacerbations (Holgate
2005). The latter are severe worsening of the asibrsymptoms that still occur in controlled
patients, and can be life thretening. Thereforegv@ntion and treatment of asthmatic
exacerbtations represent an unmet clinical needst lelsthma exacerbations are associated with
respiratory viral infections. Human Rhinovirus (HRWas been shown to be the virus most
often associated with exacerbations (Johnston 2606n here comes the need to understand
the biology of this virus and in particular, whaakes lung cells from asthmatics less apt to deal
with Rhinovirus compared to healthy cells.

The aim of this project was to evaluate the countiidm of microRNAs in this context.
MicroRNAs are small non-coding RNA molecules thavd received much attention for their
ability to regulate gene expression by inhibitimgnslation. Besides being key regulators of
cellular gene expression, microRNAs are also pérthe antiviral “arsenal” of the innate
immunity (Pedersen et al. 2007).

Two hypotheses were investigated in this project:
1) Cellular microRNAs have antiviral activity agaifstman Rhinovirus.
2) Differences in the expression of microRNAs betwasthmatic and healthy BECs

contribute to the higher replication that HRV hassthmatic cells.

The main findings of this thesis are:
1) Impairing microRNA biogenesis, by the prolongeesding ofDICER, favours HRV-
1B replication in BEAS-2B cell lines.
2) Ago2-containing miRISCs associated with HRV-1B RNAyring infection of BEAS-
2B cells.
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3) Asthmatic primary BECs express a pool of microRNgAdower levels compared to
healthy counterparts. They also over-express, stline@, genes that are downstream IL-
13 and TGH3 pathways.

4) MiR-155 and miR-128 are involved in the antivirgfeince against HRV-1B in BEAS-
2B cells.

5) MiR-155 is able to blunt the expression of genespoesive to IL-13 and TGB-in
BEAS-2B cells.

Impairing microRNA biogenesis, by the prolonged séncing of DICER, favours HRV-1B
replication in BEAS-2B cell line.

Interestingly, although viral replication was inased by silencin@ICER for a prolonged
period, it can be speculated that the IFN produactiill compensate the loss of the microRNA-
mediated antiviral activity. Although IFN produatiowas not affected, as assessed by
measuring IFN3 mRNA, viral replication was significantly highen ithe cells with lower
DICER mRNA. A similar study was performed on InfluenzgMatskevich & Moelling 2007).

In this paper they show th&ICER is protective against Influenza A. This was paittdy
evident in Vero cells, while it was much more mddeken they used A549 cells. They also
pointed out that this is due to the IFN producely oy the second cells. In fact, Vero cells did
not produce IFN during infection, while the humab4A cells did. However they did not clarify
whether microRNAs were directly involved in the iginal protection. Our results instead,
demonstrate thdDICER and microRNAs are active against HRV-1B replicatin fact their
reduction leads to a significant increase in viegllication, and this has been shown both by
silencingDICER (fig. 3-9), which leads to a global reduction oicroRNAs, and by silencing
specific microRNAs, miR-155 and miR-128 (fig. 4-3).

In general these microRNAs can be expected to hatigiral activity in any cell infected by
Rhinovirus. Moreover, it can be speculated thattwizes been shown for Influenza A applies
also to HRV. Cells that do not produce IFN in rasgoto HRV infection could be expected to
depend much more on microRNAs for their antivirakistance. Among such cells, lung
fibroblasts may be of interest. In fact, it hasrbebown that primary lung fibroblasts, from both
asthmatic and healthy subjects are productivelgcteid by Rhinovirus. No difference in
replication between the two groups was evident. $ukingly, fibroblasts were shown to not
produce IFNs in response to viral infection (Beakeal. 2009). Therefore, it can be expected
that microRNAs constitute the main antiviral effgst in lung fibroblasts, and manipulating
their expression could prove an interesting tharfpepossibility. The authors of this paper
suggest in fact that in a healthy lung, Rhinovinééction of fibroblasts would be prevented by
the bronchial epithelium. While in asthmatic lungsnore disrupted epithelium may expose the

underlying fibroblasts to the virus. For this reasfibroblasts may constitute an important
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reservoir of viral replication, only available innaasthmatic lung (Bedke etal. 2009).
Administration of antiviral microRNAs could reacksa the exposed fibroblasts in asthmatic
lungs and therefore deny such reservoir to thesviru

Ago2-containing miRISCs associate to HRV-1B RNA, ding infection of BEAS-2B cells.

As already discussed, it was not possible to pewdusal proof that microRNAs
hamper HRV-1B replication by a direct mechanismt. this purpose, lentivirally transduced
BEAS-2B cells were generated. Unfortunately, thesutted not to be functional and serve the
initial purpose. As a consequence, in the futuighsa proof may be obtained in a number of
different ways. Obviously the same strategy mayused. In particular othddICER shRNA
sequences can be tested and finally one or twditurad sShRNAs may be adopted. As already
mentioned then, Ago2 co-IP could be performed aftiemcing miR-155 or miR-128, which
have been shown to protect against HRV-1B infec{fan 4-3). Confirmation that these two
microRNASs bind to viral RNA can also be achievedpmi-down of biotinylated miR mimics
(pre-miRs). The biotin would in fact allow co-puytiiig the microRNA together with all its
targets (Orom & Lund 2007). Finally, also HITS-CL¢Buld be used. This is a very complex
technique, yet very potent because identifies tesgguences of microRNAs. Briefly, fragments
of microRNA targets, with the bound microRNAs argifted by Ago co-IP. High throughput
sequencing is then adopted in order to obtain ¢lggience of those fragments that in turn, can
be used to determine both the microRNA involved tedtarget (Chi et al. 2009).

Asthmatic primary BECs express a pool of microRNAsat lower levels compared to
healthy counterparts. They also over-express at bakne, genes that are downstream IL-13
and TGF-3 pathways.

MicroRNA expression and their possible role in asthhas been investigated in mouse
models of allergic asthma. These papers focus @noRNA expression of immune cells and
show that several microRNAs are deregulated innaaiic mice. Studying the role of some of
these microRNAs in relation to inflammatory respsshey suggest that targeting microRNAs
in the airways may constitute anti-inflammatoryatreents for allergic asthma (Lu et al. 2009,
Mattes et al. 2009, Polikepahad et al. 2010).

However, such analysis has not been done in hunharmarticular microRNA expression of
primary BECs had not been studied. This promptetbusompare the microRNA profiles of
healthy and asthmatic BECs. Our array data showatliew microRNAs are less expressed in
the asthmatic cells compared to healthy BECs.

Very interestingly, some miRs among the ones ifiedtito be poor in asthmatic BECs, were
predicted to target efficiently HRV-1B or HRV-16.8\ecided to focus our attention only on
those that were predicted to target both virusesabse of the idea that conservation should be

a mirror of function. But actually this is not amodutionary conservation. It is possible in fact,
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that there is a pool of antiviral miRs, with eaaledargeting a different viral genotype so that
altogether they target a large number of differgahomes. This idea could be tested by
knocking down other miRs that are predicted toatumnly one of the two viruses and then
verify if the predictions are confirmed.

Identification of a microRNA deficiency in asthnaprimary BECs also triggered to
guestion what are the consequences that this £maierms of cellular functions, not only in
terms of viral replication. From our data, it isat that the levels dBMAD2 and IL13RA1
correlate in primary BECs, and that asthmatic deltsl to express more of both (fig. 4-6). This
constitutes a novel and very interesting findingeagsd L13RAlandSMAD?2are key molecules
in two pathways, respectively IL-13 and T@F+that play important roles in asthma. IL-13
(Huang et al. 1995, Humbert et al. 1997) and TB2KRSagara et al. 2002, Torrego et al. 2007)
are expressed more in asthmatics than in healibjecs, both at rest and after acute asthmatic
episodes such as allergen challenge. IL-13 hagaesféects highly relevant to asthma, such as
airway-smooth-muscle hyperplasia, eosinophilic u#erent, regulation of IgE production,
induction of mucus, to say a few (Wynn 2003). Thas boosted the interest in this cytokine as
a therapeutic target, and indeed blocking its #gtis regarded as a promising therapeutic
approach (Holgate & Polosa 2008). Also TGHs widely considered to contribute to the
pathophysiology of asthma. For instance, T&Expression has been shown to correlate with
the thickness of the basal membrane in lungs dfnaatics (Vignola et al. 1997) and to be
induced by bronchoconstriction (Grainge et al. 30%hich typically occurs during acute
asthmatic episodes. Not only T@Havours the establishment of airway remodellingsthma
but it has also been suggested to favour viruseeduasthma exacerbations by dampening
innate immune responses (Thomas etal. 2009). 8k all the microRNAs that were
selected during this study because predicted tgetaboth HRV-1B and -16 and whose
expression was further validated, have already seewn or are predicted to affect both IL-13
and TGFB pathways (see fig. 5-2). Since our group has shinahone of these microRNAs,
namely miR-155, affects both pathways, a serieexpkrtise and tools were easily available
regarding this microRNA. Therefore, over-expressainthe latter microRNA was an easy
option to exploit in order to test the consequerafahe differential expression of microRNAs
targeting IL-13 and TGPB- pathways. Interestingly, modulating the expressibmiR-155 in
BEAS-2B cells roughly mimicked the differences abee in primary BECs. In fact the cells
with less miR-155, expressed mdt®©L1Al SERPINEland SOCS1 in the absence of any
stimulation. This was shown f@OL1A1andSOCSy over-expressing miR-155 in BEAS-2B
cells (fig. 4-9) while forSERPINELlit was shown by silencing miR-155 (fig. 4-12). By
measuringSERPINEIMRNA also confirmed that miR-18a is able to affE&F{3 pathway in
BEAS-2B cells (fig. 4-12).

130



The latter experiment was only performed once. dloee in the future it will certainly
be repeated and extended to include the other RiNAs identified during this project. This
would be of great interested giving the followingnsiderations. One limit of the investigation
here presented is that while miR-155 was aboutldi-fiver-expressed in the lentivirally
transduced BEAS-2B cell lines (fig. 4-9), the diffiace between asthmatic and healthy BECs,
is more modest being nearly two-fold (fig. 4-2). Wgothesise that although each microRNA
may have a small effect separately, because thtitees converge on the same pathway (fig.
5-2) altogether they have a significant global @ffén order to prove this hypothesis more
experiments are required where the amount of thetiiied microRNAs is reduced by only a
modest percentage using specific antimiRs, eitidividually or altogether. If the effects of the
microRNAs converge as hypothesised, it would beesetgul that reducing only one miR at a
time had very little or no influence on the cellul@sponse to TGB-or IL-13. Reducing
several miRs altogether would instead have a cermile effect. As a matter of fact,
cooperation between different microRNAs targetimg $ame or related targets has already been
documented, e.g. (Mestdagh etal. 2010, Nachmaii. €2010). This would encourage
generating a cell model for asthmatic BECs. BEASeRBs could be transduced with lentiviral
constructs expressing antimiRs (Scherr et al. 2008@)yder to mimic the microRNA profile of
asthmatic BECs. Such a cell line would be usedesst if it is possible to reproduce
characteristics of asthmatic BECs, simply by motiludp the expression of the selected
microRNASs.

Furthermore, all these observations made on ceks|i could be followed by similar
experiments using primary BECs. Transfecting litlaounts of artificial microRNA mimics
(pre-miRs) in asthmatic BECs, would be expectethaie them more similar to healthy BECs,
for instance regarding viral replication and IFNvguction (Uller et al. 2010, Wark et al. 2005)
besides responsiveness to TEBr IL-13. In fact, our findings suggest that defiy of the
microRNAs identified makes cells hyper-responsiwette two cytokines, and this has effect
already at baseline, with higher expressiols@ICSlwhich in turn inhibits IFN production. At
the same time, transfecting healthy BECs with aiitBywould be expected to give them a more
“asthmatic” phenotype. This could ultimately be dis¢so to test how those microRNAs affect
lung biology, for example in the role of BECs dygrithe differentiation of dendritic cells (Rate
et al. 2009).

In summary, the data presented here suggest timatsc BECs present a deficiency in a few
microRNAs that make them more sensitive towards -B&Rd IL-13. However, it is not known
whether this is the case. Although our data shaat #sthmatic BECs tend to over-express

certain genes responsive to T@EFand IL-13 already at baseline, it is not knowrasthmatic
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cells would respond more strongly to the two cyteki compared to healthy cells. Therefore, in
the future, exploring this possibility will be arssential part of understanding the role of
microRNAs in the biology of bronchial epitheliallisen asthma.

Interestingly, the array data also identified timitroRNAs belonging to the miR-17-92 cluster
are under-expressed in asthmatic BECs. These niiksRre all encoded closely together, in a
region of genomic DNA, mapping at 13931 (chromosd®e MiR-17, 18a, 19a and b, 20a and
92 belong to this cluster and all of them, exceptnf miR-92 are under-expressed in asthmatic
BECs according to our array data. This is strikimgl prompts to ask whether there is a genetic
correlation between asthma and this genomic redmniguingly, a French study reported
correlation between locus 13931 and the eosinaghiht in asthmatics (Dizier et al. 2000).
Although such correlation was not replicated ineothtudies (Bouzigon et al. 2010, Denham
et al. 2008), it may reinforce the idea that thoseroRNAs have a role in the pathology of at

least a subset of asthmatic subjects and encofuetfer investigation.

MiR-155 is able to blunt the expression of genessponsive to IL-13 and TGFB in BEAS-
2B cells.

The data presented clearly shows that the microRiNAstified to be under-expressed
in asthmatic BECs, such as miR-155 and miR-18adeampen the effects of T@kand IL-13,

two major determinants of the asthmatic pathophygio

Therefore, these microRNAs may constitute intemgstargets for therapeutic purposes.
Moreover, the variability in microRNA expression amg the different donors inspires a
personalised approach. MicroRNA profiling could ggde the administration of a selected and
subject-tailored pool of microRNAs aiming at compating only the microRNAs that each
subject shows unbalance in, compared to a heatitnysensus”. Definitely microRNAs hold the
potential to be small but “on-target” effectorstire “next step” of a stratified medicine that

seem to suit asthma probably more than other disegs/en its remarkable heterogeneity.
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Differences in the expression of | | Differences in the expression of
microRNAs between asthmatic and microRNAs between asthmatic and
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Impairing microRNA
biogenesis favours HRV-

Asthmatic primary BECs expressid Asthmatic primary BECs also
pool of microRNAs at lower level$ | over-express at baseline, genes
1B replication in BEAS-2B| | compared to healthy counterparig.| that are downstream 1L -13 and

cell lines

TGF3 pathways.

Ago2 associates with HR

1B RNA. in BEAS-2B cells MiR-155 is able to blunt the

expression of genes responsive o

IL-13 and TGFB in BEAS-2B
cells

MicroRNAs under-expressed in asthmatic BECs ardipired to
target both HR-1B and HR\-16.

Results

Among these microRNAs, miR-155 and miR-128 are vt in

MIR-155 is able to counteract the
increase in HRV replication
induced by TGH3 in BEAS-2B
cells.

the antiviral defence against HRV-1B in BEAS-2BIge]|

To link causally reduction of microRNAs and higlvanal Compare the response to I1L-13 apd
replication: TGF{ by primary BECs from
1) Knock-down microRNAs predicted to target only one\H healthy or asthmatic donors.

serotype before infection.

5 |2) Repeat attempt to knock-doMMCER with inducible construct| | Prove or confirm that the

§ using other shRNA sequences. microRNAs selected actually do
o 3) Perform Ago2 co-IP on BEAS-2B cells infected witR%-1B target IL-13 and TGB pathways
5 after silencing miR-155 or miR-128. in bronchial epithelial cells.

5 |4) Co-purification of HRV RNA with biotinylated miR miics.

E 5) HITS-CLIP. Prove cooperation between

different microRNAs.

Test whether by modulating the
expression of the selected
microRNAs the response of

primary BECs from asthmatic
donors to IL-13 and TGF-b, and the

fig. 5-1. Diagram summarising the results baseline expression of downstream

obtained and future research. genes is restored to the levels foynd
in primary BECs from healthy
donors.

Generate cell lines with stable
knock-down of the microRNAs
identified in this study. These cell
lines would be used as models fof
asthmatic and healthy bronchial
epithelial cells.
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TGFBR1 TGFBR2 IL4Ra IL13Ral

miR-155 miR-155
miR-19b miR-128
miR-106b
miR-17
miR-20a STAT6 ‘ miR-18a
miR-21

miR-301a

miR-128

miR-18a
miR-128
miR-155
miR-340

smad2

miR-18a
miR-155

smad3

miR-18a Red: Validated already
miR-128 Black: not validated yet

miR-19b Underlined: published target
miR-301a

smad4

fig. 5-2. MicroRNA deficiency may increase TGH3 and IL-13 signaling in
asthmatic BECs.
Schematic representation of the hypothesis presebhtssed on the finding that several

microRNAs are less expressed in asthmatic BECsth&lmicroRNAs reported here can be
predicted or have been shown to target the mRNAhef gene they are next to, in this
schematic. In this figure “validated” refers to timeicroRNA expression. Therefore, the
microRNAs “not validated yet” are the ones idestifiby arrays (but not confirmed by single
assay RT-gPCR) to be under-expressed in asthm&ftsBFor the predictions obtained from
Targetscan 5.2 (Lewis et al. 2005) see appendradpaph 6.2).
Published microRNA targets:

» miR-155/ SMAD2(Louafi et al. 201Q)

* miR-18a/ SMAD2 and SMAD{Mestdagh et al. 2010)

* miR-128 / TGFBR1Masri et al. 2010)

* miR-21/ TGFBRZKim et al. 2009)

* miR-106b / TGFBRZWang et al. 2010a)

* miR-17 / TGFBRZAMestdagh et al. 2010)

* miR-20a/ TGFBRZMestdagh et al. 2010, Volinia et al. 2006)

* miR-155/IL13RA1(Martinez-Nunez et al. 2011)
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Chapter 6 Appendix

6.1 Other predictions of miR-155 targeting HRV-1B or -16.

TARGET: HRV-1B

length: 7191

MIRNA: hsa-miR-155

length: 23

minimum free energy (mfe):-25.0 kcal/mol
position 3409

Alignment:

target 5' U A G 3!
ACUCC CAUGAUUGGUAU
UGGGG GUGCUAAUCGUA

miRNA 3 AUA AUU 5!

TARGET: HRV-16
length: 7124

MIRNA: hsa-miR-155
length: 23

mfe: -24.1 kcal/mol
position: 7053

Alignment:

target 5' A AGA A G 3!
ACUCCUA CAUGA UGGUAU
UGGGGAU GUGCU AUCGUA

miRNA 3 A A AUU 5°

table 6-1. RNAHybrid predictions for microRNA-155 and HRV-1B or HRV-16.

Programme available on-line fatp://bibiserv.techfak.uni-bielefeld.de/rnahybsdibmission. html
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Appendix Victor Paky mBfanese

Targets predicted in gi|409463|gb|L24917.1HR VPP Human rhinovirus type 16
polyprotein gene, complete CDS for hsa-miR-155
(Link to show target islands and corresponding support

From offset 1544 to 1566 | Folding energy = -28 400000 K calfmol

5'<-- target -->3° 5'<-- microRNA -->3'

GTTCCCATCACTGTTTCCATTAG UUAAUGCUAAUCGUGAUAGGGGU
CCCCCCCOC. (O . (o ))))))..))).0)3))).0))).

GTTCCC-ATCACTGTTTCCATTAG

Frrrrreer e el
U-GGGGAUAGUGCUAAUCGUAAUU

From offset 27 to 49 | Folding energy = -23.500000 K calfmol

5'<-- target -->3° 5'<-- microRNA -->3'
CCCAGATCACCTACATGGTGTTG UUAAUGCUAAUCGUGAUAGGGGU
CCC . 0« OO X)) )))). ).

—CCCAGATCACCTACATGGTGTTG

FEr e FEEErrnd
UGGGGAUAGUGCUA--AUCGUAAUU

Targets predicted in gil221708dbjiD00239.1lHRVACG Human rhinovirus 1B,
complete genome for hsa-miR-155

(Link to show target islands and corresponding support)

From offset 3701 to 3723 | Folding energy = -26.799999 Kcal/mol

5'<-- target -->3' —linker- 5'<—— microRNA -->3'
ATAAATCCAATCAATAGCATTAG GCGGGACGC UUAAUGCUAAUCGUGAUAGGGGU
----- CCC OO O =========)))))))))--...)))).))) ..

ATAAATCCAATCAA---TAGCATTAG

LTI ERERRRN
UG---GGGAUAGUGCUAAUCGUAAUU

table 6-2. RNA22 predictions for microRNA-155 and HRV-1B or HRV-16.
Programme available on-line l&tp://cbcsrv.watson.ibm.com/rna22_targets.html
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6.2 Other microRNA predictions.

Here are reproduced the predictions mentionedgin5f2 as showed on-line from the database

Targetscan 5.2  (Lewis

et al.

2005) available os-lin at

http://www.targetscan.org/vert 50/

TargetScan predicts the following site types:

8mer: an exact match to positions 2-8 of the matureNiRthe seed + position 8)

followed by an 'A’

address:

7mer-m8: an exact match to positions 2-8 of the matureM#iRthe seed + position 8)

TGFE-3 pathway

SMAD?2
Position 3359-3365 of SMADZs:  |,GUUGUUUGCCCAGCCACUGUGA...
3 UTR
‘ (11111 8mer
hsa-miR-128 3 UUUCUCUGGCCAAGUGACACU
Position 8325-8331 of SMADZs., -G CAUCCUUGGUGCACUGUGA..
3 UTR
(11111 8mer
hsa-miR-128 3 UUUCUCUGGCCAAGUGACACU
Position 412-418 of SMAD2 |5, |,yGAUCUAGGCAAACCUUUAUAA. ..
3 UTR
‘ (1111 8mer
hsa-miR-340 3 UUAGUCAGAGUAACGAAAUAUU
Position 2095-2101 of SMADZs, | 5 AUUAGGUAUUAAUGCUUUAUAC...
3 UTR
11111 7mer-m§
hsa-miR-340 3 UUAGUCAGAGUAACGAAAUAUU
Position 3160-3166 of SMADZs: A\ GAAGCUCAGAAAGUCUUUAUAA..
3 UTR
‘ 11—l 8mer
hsa-miR-340 3" UUAGUCAGAGUAAC---GAAAUAUU
Position 6205-6211 of SMADZs, A\ yAUUAAGUUCUAUC--CUUUAUAA. ..
3 UTR
TR smer
hsa-miR-340 3 UUAGUCAGAGUAACGAAAUAUU
Position 6450-6456 of SMADZs,  \;GUGGAAAUCCAUUGCUUUAUAU...
3 UTR
T 7mer-m8§
- 3 UUAGUCAGAGUAACGAAAUAUU
hsa-miR-340

157



SMAD3

hsa-miR-301a

3|

CGAAACUGUUAUGAUAACGUGAC

Position 1790796 of SMAD35, 5 A AGAGACGGAAGGAGCACCUUG...
3'UTR il 7mer-
. 3 GAUAGACGUGAUCUACGUGGAAU m8
hsa-miR-18a
Position 28572863 of SMAD35. A G AUCCUUGUCUUCAGCACCUUC...
3'UTR il 7mer-
. 3 GAUAGACGUGAUCUACGUGGAAU m8
hsa-miR-18a
Position 4299305 of SMAD3g: -, uGCUAGGGGUGAAAGCAUUAC. .
3'UTR il 7mer-
. 3 UGGGGAUAGUGCUAAUCGUAAUU m8
hsa-miR-155
SMAD4
Position 1354-1360 of SMAD4 5. A s AUUUUUUUUUUCUUUUGCACU...
3 UTR
1] 7mer-mg
. 3 AGUCAAAACGUACCUAAACGUGU
hsa-miR-19b
Position 4024-4030 of SMAD4 5.\ ;GUUUAUCUGGAAUCACUGUGG...
3'UTR
T 7mer-m§
108 3 UUUCUCUGGCCAAGUGACACU
Position 1355-1361 of SMAD4 . < A yUUUUUUUUUCUUUUGCACUU...
3 UTR
1] 7mer-mg
. 3 CGAAACUGUUAUGAUAACGUGAC
hsa-miR-301a
TGFR2
Position 265-271 of TGFBRZ25. - A AUAGCCAAUAACAUUUGCACU...
3'UTR
(] 7mer-m8§
. 3 AGUCAAAACGUACCUAAACGUGU
hsa-miR-19b
Position 268-274 of TGFBRA5, ) AGCCAAUAACAUUUGCACUUUA...
3 UTR
‘ I 8mer
rriR106 3 UAGACGUGACAGUCGUGAAAU
Position 461-467 of TGFBRA5, - A AGGGACCCAUGACAGCAUUAG...
3'UTR
111111 7mer-m8
. 3 UGGGGAUAGUGCUAAUCGUAAUU
hsa-miR-155
Position 266-272 of TGFBR25. A AUAGCCAAUAACAUUUGCACUU...
3'UTR
1] 7mer-m8§
. 3 CGAAACUGUUAUGAU-AACGUGAC
hsa-miR-301a
Position 566-572 of TGFBRZ5, ~-AGCUAUGACCACAUUGCACUU...
3 UTR
i 7mer-m8
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IL-13 pathway

IL13RA1
Position 24-30 of IL13RA1 3' UTR5' ... AUUUAUUUUUACCUU--CACUGUGA...
1 I 8mer
hsa-miR-128 3 UUUCUCUGGCCAAGUGACACU
STAT6
Position 715-721 of STAT6 3' UTK' ...UUAAAUGUAUAGCUGGCACCUUA...
1] 8mer

hsa-miR-18a 3

GAUAGACGUGAUCUACGUGGAAU
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