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ABSTRACT

Inflammatory bowel disease (IBD) is a chronic immumediated condition of the
gastrointestinal tract that includes Crohno
particular interest since their incidence is rising and, even if differentaltalogical strategies

are used, the optimal treatment is far from being achidrdtie first part of the thesis project

the role of the INcRNA GAS5 was studied, reporting the possible involvement of this INCRNA
in the pathogenesis of tissue damagerangh theregulation of mediators of tissue injury, in
particular MMR2 and MMR9. From data obtained on biopsy tissues of pediatric patients
affected by IBD and fronm vitro experiments, it is clear that GAS5 could be involved in the
processes of tissugamage and in determining a chronic inflammatory state regulating the
expression of MMP2 and MMR9, proteases that, in IBD cause serious damage to the intestinal
wall. The identification of a molecular target capable of modulating the levels of theseemnzy
would allow not only to deepen the knowledge about the causes of an altered production of
MMP-2 and MMR9 but also to develop a targeted pharmacological strategy. Moreover by
means of RNAIP experiment it was shown that this INCRNA was able to bindiatedact
physically withNF-aB, a transcriptional factor involved in inflammation process. GAS5 binds
NF-aB probably modulating its transcriptional activity, demonstrating the involvement of this
IncRNA in inflammation and confirming its role as biomarker of inflammation.

To date, there is no curative drug therapy for IBD and the therapeutic approach isatimed
inducing remission and promoting its maintenance. Recent studies have shown that thalidomide
is very effective in children with IBD, but the mechanism of action of this drug still remains
ambiguous.The second part of this thesis was focused to olatagreater knowledge of the
mechanisms of action of thalidomide in patients with IBD, in order to identify not only markers
of efficacy but also to investigate the molecular causes that trigger peripheral neuropathy, a
serious side effect of this dru@tarscriptome analysis, performed on blood samples from IBD
pediatric patients refractory to standard therapies and treated with thalidomide were performed,
and 252 differentially expressed genes emerged from -B&tA following treatment with the

drug. The hyprgeometric test on gene ontology (GO) annotations, revealed a series of altered
pathways implicated in the mechanism of thalidomide and its main adverse effect, including the
eicosanoid and prostaglandin receptor signaling pathway and related to thi@ qoopled
adenylate cyclase pathway, and also pathways important in the nervous Systeatidate

these transcriptomic results, PGE2 and cAMP were quantified in monocyti¢ €hjs and

Thp-1 differentiated in macrophages. Thalidomide caused a isigmif decrease of PGE2
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production in macrophages stimulates with LPS, whereas iflTthp drug treatment induced

a significant increase in cCAMP production. Preliminary studies conducted on the neuronal cell
line shsyby, in order to identify new pathwaysd genes involved in thalidomide induced
peripheral neuropathy, revealed that this drug did not have a cytotoxic effect, nor an action at
the level of mitochondrial activity. ATP quantification and analysis on intracellular calcium in
sh-sy5y revealed thathe drug induced an increase in ATP production and in intracellular
calcium. This preliminary study provided the basis for carrying out targeted studies that will
allow us to broaden our knowledge of this drug and identify response markers to promote the

personalization of thalidomide treatment in pediatric patients with IBD.



RIASSUNTO

Le malattie inflammatorie croniche intestinali (MICI) sono malattie caratterizzate da una
condizione cronica immunmediata del tratto gastrointestinale che includbnmibo di Crohn

e la rettocolite ulcerosa. Le MICI che colpiscono pazienti pediatrici sono di particolare interesse
poiché la loro incidenza € in aumento e, anche se vengono utilizzate strategie farmacologiche
diverse, il trattamento ottimale € lungi dedisere raggiunto. Nella prima parte del progetto di
tesi € stato studiato il ruolo delllncRNA GAS5, mettendo in evidenza il suo possibile
coinvolgimento nella patogenesi del danno tissutale, attraverso la regolazione dei mediatori di
danno tissutale, iparticolare la MMP2 e MMPR-9, metallo proteasi che, in queste malattie,
provocano gravi danni alla parete intestinale. Dai dati ottenuti sulle biopsie tissutali di pazienti
pediatrici affetti da MICI e dagli esperimeii vitro, € risultato evidente cheAS5 potrebbe
essere coinvolto nei processi di danno tissutale e nella determinazione di uno stato
inflammatorio cronico che regola I'espressione delle MMVEMMR9. L'identificazione di un

target molecolare in grado di modulare i livelli di questi enzionmsentirebbe non solo di
approfondire le conoscenze sulle cause di un'alterata produzione di2MMIMP-9 ma anche

di sviluppare una strategia farmacologica mirata. Inoltre grazie ad esperimenti dFRN\#ato
dimostrato che questo INCRNA era in grailtegarsi e interagire fisicamente con{&B, fattore
trascrizionale coinvolto nel processo infiammatorio. GAS5 si lega -®BYFprobabilmente
modulando la sua attivita trascrizionale, dimostrando ancora una volta il coinvolgimento di
qguesto IncRNA neihfiammazione e confermando il suo ruolo come biomarcatore
dell'infliammazione.

Ad oggi nelle MICI non esiste una terapia farmacologica curativa e l'approccio terapeutico e
finalizzato a indurre la remissione e a favorirne il mantenimento. Recenti standi tiamostrato

che la talidomide e molto efficace nei bambini affetti da MICI, ma il meccanismo d'azione di
guesto farmaco rimane ancora non del tutto chiaro. La seconda parte di questa tesi si &
focalizzata ad investigare sui meccanismi d'azione del@otaide nei pazienti con MICI, al

fine di identificare non solo marcatori di efficacia ma anche di indagare le cause molecolari che
scatenano gl effetti collateral:] noti, com
stata condotta su campiodi sangue di pazienti pediatrici con MICI refrattari alle terapie
standard e in trattamento con talidomide; sono emersi 252 geni differenzialmente espressi
dal | 6 an aiseqa seguita del Ratt@&mento con il farmaco. Il test ipergeometrico basato
su annotazioni di Gene Ontology (GO) ha rilevato una serie di pathway alterate implicate nel

meccani s mo ddazione del | a tali domi de e nel
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periferica, tra cui la via di signaling del recettore degli ecosanoidille pestaglandine e
pathways associate alle proteine G accoppiate alla via dell'adenilato ciclasi, e anche pathway
coinvolte nel sistema nervoso. Per validare questi risultati trascrittomici, PGE2 e cAMP sono
stati quantificati in cellule monocitiche THpe Thp1 differenziate in macrofagi. La talidomide
causa una significativa diminuzione della produzione di PGE2 nei macrofagi stimolati con LPS,
mentre nelle cellule Thi, il trattamento farmacologico induce un significativo aumento della
produzione di AMP. Studi preliminari condotti sulla linea cellulare neuronalsyby, al fine

di identificare nuove pathway e geni coinvolti nella neuropatia periferica indotta dalla
talidomide, hanno rivelato che questo farmaco non ha un effetto citotossico, nénen'azi
l'ivell o dell 6attivit”™ mitocondriale. La qua
syby ha permesso di rilevare che il farmaco induce un aumento di entrambi in seguito a
trattamento. Questo studio fornisce la base per la realizeazionstudi mirati che ci
consentiranno di ampliare le nostre conoscenze su questo farmaco e identificare marcatori di
risposta per promuovere la personalizzazione del trattamento con talidomide di pazienti
pediatrici affetti da MICI



1. INTRODUCTION



1.1 Inflammatory bowel disease

Inflammatory bowel diseases (IBD) are a group of diseases characterized by chronic
inflammation of the gastrointestinal tract, with possible extraintestinal manifestations and
associated immune disorders. Knowledge about the etiology of IBD still tetfegua genetic
predisposition in determining the integrity of the intestinal barrier and the response of the
immune system could cause an inappropriate inflammatory reaction in response to infections or
other environmental factors [Among IBDs, the mogepresentative are ulcerative colitis (UC)

and Crohn's disease (CD), which have some features in common, but different intestinal

localization, histology, course and associated complications (Fig. 1.1).

Inflammatory Bowel Disease {IBD)

Crohn's
Discase

Ulcerative

Fig. 1.1Distribution of lesions in inflammatoryowel diseases

The incidence and prevalence of CD and UC vary considerably around the world [i8] and
increasing; the diseases are often diagnosed in adolescents and young adults, with a rising
incidence in the pediatric population [3]. Indeed, approtage?25% of patients with IBD are

under the age of 20, 18% under the age of 10 and 4% under the age of 5 [4]. In children, negative
consequences on growth, development and psychosocial function are often observed [5].

Both in CD and in UC the course of tdesease is characterized by periods of activity and
remission, but it is often impossible to predict the evolution of the disease as regards the duration
and severity.

These diseases are distinct and clearly distinguishable on the anmtmtogical ad clinical

level (Figure 1.2). CD can best be defined as a relapsing granulomatous inflammatory lesion
that typically affects the terminal ileum or colon but can occur at any level of the gastrointestinal
tract, from the mouth to the anus [6]. Typicallgetdisease is characterized by subacute or
chronic, necrotizing and healing inflammation. The latter mainly affects young adults and causes

ulceration of the mucosa, which induces a disproportionate connective tissue reaction and can
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lead to stenosis of ¢hintestinal lumen with the formation of multiple fistulas [7]. The clinical
picture largely depends on the location of the disease and can include diarrhea, abdominal pain,
fever, clinical signs of intestinal obstruction, as well as passage of bloods wruooth [8]. UC,

on the other hand, is characterized by widespread inflammatory ulcerations of the mucosa of the
colon (Figure 1.2). People affected by this disease typically have bloody diarrhea, passage of
pus and /or mucus, and abdominal cramps duewgcuation. Severe symptoms are less

common in proctitis and distal colitis [9].

Fig 1.2Representative endoscopic images of normal and inflamed gastrointestinal mucosa
from pediatric patients with and without IB&. Normal vascular pattern, villous epithelium,
and lymphoid nodularityB. Normal mucosa and delicate vascular netw@tklerminal ileum
in a child with CD.D. Linear ulcer directly adjacent to normal colon mucosa in a young child
with CD. E. stomach antim ofa child with CD.F. Inflamed colonic mucosa in an adolescent
with UC.

IBD is a multifactorial disease that involves a series of interactions between genetics,
environmental factors, gut microbiota and the immune response [10]. In recent yearg-genom
wide association studies have identified more than 200 risk loci associated with IBD [11]; many
of the genes identified code for proteins involved in innate and adaptive immunity, autophagy
and mucosal barrier integrity. This immune dysregulation coltéal the intestinal microbial
composition causing the chronic inflammation [I@preover, metagenomic studies have
shown that microbial diversity in IBD patients tends to decrease, due to the prevalence of species
with pro-inflammatory properties over pextive species. In these patients the most common
bacterial strains ar&. coli, R. gnavus Campylobacter concisufl 3], Helicobacter pylori,

Mycobacterium avium paratuberculosiedC. difficile[14]. The tissue injury observed in IBD



has a major role ithe progression of the disease. On this perspective, an interesting role is
attributed to a family of proteins called matrix metalloproteinases (MMPs).

In these diseases, an aberrant and excessive cytokine response that causes subclinical or acut
mucosainflammation is present. In particular, mucosal immune cells (macrophages, T cells and
innate lymphoid cells) produce cytokines that can promote chronic inflammation of the
gastrointestinal tract [15]. The cytokine TNFis produced both in membrabeund and
soluble form by lamina propria mononuclear cells and also by macrophages, adipocytes,
fibroblasts and T cells, and is increased in IBD patients [16, 17]-0MBuces different pro
inflammatory effects, binding to its receptors TNFR1 and 2 and #ativéhe transcription
factor nuclear facteeB (NF8aB); as a consequence, angiogenesis, production of
metalloproteinases, activation of macrophages and effector T cells are inducédefdiBhent

of IBDs with antibodies that neutralize both soluble aremiranebound TNFU is highly
effective, improving mucosa healing: indeed, anti T8lfMmonoclonal antibodies are well
established therapies in IBDis addition, other cytokines in addition to TNFhave a

fundamental role in controlling mucosal inflammatio IBD [14].

1.1.1 Role of the extracellular matrix in IBD

Common features of IBD are tissue damage and alteration of the intestinal architecture due to
chronic inflammation An excessive and prolonged inflammatory response occurring in the
intestinal tissue is the cause of progressive changes to the structure and functioning of the
intestinal tissue extracellular mati€CM). [19]

The ECM is a highly dynamic structure presén all tissues, which undergoes controlled
remodeling. During this process, both quantitative and qualitative alterations of its components
take place in order to control homeostasis and tissue architecture. Matrix components include
collagen proteingype | collagen, basement membrane collagens (type 1V, VIII and X), type VI
microfibrillar collagens; nostollagen proteins, such as elastin, fibronectin, laminin,
thrombospondin or tenascin; proteoglycans and glycosaminoglycans, and growth factors,

enzyme, including matrix metalloproteinases (MMPs). (Figure 1.3)
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EXTRA CELLULAR MATRIX

The ECM is not only a scaffold for cells within the tissues, but also a dynamic component of
the tissue, involved in multiple molecular pathways and processes, such as cellular proliferation,
migration and adhesion. Its structure undergoes constant depostegradation or
modification. The modifications in ECM, or salled ECM remodeling, is caused by specific
enzymes responsible for its degradation and rebuilding, such as matrix metalloproteinases
(MMPs), neutrophil elastases (NE) and meprins [19].

The progression of IBD involves a disturbance to the proteolydati proteolytic balance,

which contributes to increased degradation of ECM components, in which MMPs take part.
Aside from increased proteolytic activity, ECM remodeling during IBDs invalwesreation

of a new ECM, with a large increase in the synthesis of-fir@ning collagens (type I, lll and

V collagens). Excessive ECM formation leads to a progressive intestinal fibrosis, which in turn
causes intestinal lumen narrowirkgbrosis occus through the activation of fibroblasts and the
secretion of ECM components. The increased stiffness of the fibrotic tissue, on the other hand,
contributes to further fibrogenesis. Progressive tissue damage anctli&d complications,
resulting from unhklanced and deregulated ECM remodeling, cause the disappearance of
barriers between the epithelium and the endothelial tissue and contribute to the formation of
fistulas, eventually resulting in intestinal perforation.

Chronic inflammation, typical of thimtestinal mucosa, is also characterized by an important
remodeling of the subpithelial connective tissue which leads to a turnover of the components
of ECM. Coordinated synthesis and degradation of ECM components are critical for many

9



pathophysiologidaprocesses involved in inflammation, such as leukocyte invasion, epithelial
migration, neo angiogenesis and wound healing process. The disturbance of the synthesis
degradation balance of the components of the ECM can lead both to the progressiveatestructi
of the organ, as seen in the formation of ulcers, and to an excessive deposition of collagen which

causes fibrosis.

1.1.2 Role of matrix metalloproteinases (MMPs) in ECM remodeling in the
progression of IBD

The remodeling of ECM within théntestinal tissues, which simultaneously involves an
increased degradation of ECM components and excessive intestinal fibsosmliated
principally by inflammatory leukocytderived and activated matrix metalloproteinases
(MMPs). MMPs are a family of 2 zincdependent endopeptidases that are grouped according

to their substrate into collagenase, gelatinase, stromelysins and membrane MMPs [20]. In
particular, the group of gelatinases includes MRIRjelatinase A) and MMB (gelatinase B)

[21]. Gelatinass are able to degrade the ECM and the basement membrane facilitating the
migration, infiltration and cellular remodeling of tissudfhese enzymes are synthesized by
fibroblasts and other types of connective tissues cells, as well as by leukocytes, egnocyt
macrophages and endothelial cells, and then released into the extracellular space in an inactive
form (proMMP). The enzyme is activated by proteolytic cleavage in theppptide region.

The activity of metalloproteinases is precisely regulated aranscriptional and translational

level, and by endogenous inhibitors, such @smacroglobulin and tissue inhibitors of
metalloproteinases (TIMPs) [22AMPs are involved in the typical lesions that characterize

CD, namely transmural inflammation, fibresnd fistula formation; while in the UC the tissue
damage is limited to the superficial layers of the mucous membrane of the colon and rectum
(Figure 1.4). &
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Fig. 1.4MMPs produced by different cell types in IBD

Cytokines produced by immureells favor the activation of these proteolytic enzymes, and
furthermore their transcription is regulated by the levels of cytokines such as IL6 and TNF
[23]. Increased levels of MMPs (MMP, 2, 3, 8, 9, 12 and MTMP1) have been reported
both in varios animal models of colitis and in IBD patients [20, 21]. Many studies have shown
that MMP levels are correlated with disease activity [24je increase of these proteases, in
particular MMR2 and MMR9, has also been reported in biopsies, in serum anthie samples

of pediatric patients with IBD [25, 26], demonstrating that these proteases could be a useful
biomarker for the evaluation of the clinical activity of IBD.

Due to their proteolytic action, these MMP2 and MMP9 proteins are able to procegs man
cytokines and their receptors, modulating their activity during the inflammatory process [27].
For example, MMF2 and MMR9 are able to activate inactive TGB[28]. In other studies, it

has been shown that MM®can process the pinflammatory cytokinerNF-U modulating the
inflammatory process [29, 30]. MM® is hypesproduced by macrophages and other
inflammatory cells during colon inflammation [31]. Furthermore, it is involved in the migration
process of T lymphocytes, in the process of invasionramgrigration of leukocytes, and acts

as a regulator of the inflammatory process [RBYIP-9 can also cause an increase in intestinal
epithelial tight junction permeability, inducing an increase of intestinal permeability, an
important pathogenic factor otyibuting to the development of intestinal inflammation in IBD
[32]; and this event could be mediated by an activation edBIBignaling pathway [33MMP-

2 in the healthy gastrointestinal tract is mainly produced by stromal cells. During inflammation
it is also produced by fibroblasts, mononuclear cells, vascular endothelial cells and epithelial
cells. MMP-2 maintains gut barrier function, favoring infiltration processes of leukocytes in

inflamed tissues [34].

1.3 Epigenetics markers in IBD

Theetiology of IBD is not well understood; however, comprehensive epidemiologic and genetic
studies suggest that it is a result of complex interactions between genetics, immune
dysregulation, and environmental factors, including lifestyle factors [35].

Genomewide association studies (GWAS) have been extremely successful in dissecting the
genetic background and revealing pathogenetic pathways, which may lead to pathways specific
therapies. To date, a high number of potential candidate genes and severa ppsgdvietic
modifications seem to be involved in IBD pathogenesis and are still emerging, but our

understanding on their functional relevance is still scarce. Recently the new technologies have
11



led to identify more than 240 susceptibility loci mainly iauCasian people but also in trans
ethnic cohorts [36]. Most of these loci are shared by both CD and UC, and frequently by other
immunemediated diseases [37, 38]. However, these are common variants with small effect size
that explain only a small percentagf the estimated genetic risk. In addition, there is still a lot

of work to be done to understand more specifically the biological role of genetic variants and
involved pathways.

Epigenetics is defined as a maodification in the organigh&notype that persists through
mitosis and even meiosis without altering the underlying DNA sequence. Consequently,
epigenetics is generally understood to be the study of mechanisms that control gene expression
in response to environmental influences ipaentially inheritable manner [39Complex
epigenetic states can be brought on by several converging and amplifying signals, including
transcription factors, neooding RNAs, DNAmethylation, and histone modificationsll of

these processes are dynaial reversible [40].

Epigenetic modifications have been reported in several immune mediated inflammatory
diseases, cardiovascular diseases and cancers. Despite a large amount of data regarding the
genetic and epigenetic involvement in IBD pathogenesstrinslational results are still poor

and there is a significant gap in understanding the direct consequence of the identified genetic
variants. In patients with IBD the most studied modifications have beenmatAylation and
noncoding RNAs [41].

The mos widely studied epigenetic modification in mammals is DNA methylation, which
comes through the covalent binding of a met
more often in the dinucleotide sequence cytosine phosphate guanine {@pB) metlylation

OCCUrs near a promoter sequence, gene expression is repressed, either because proteins bind t
the methylated CpG island and initiate DNA compensation and inactivation or methylation itself
blocks the DNA sequence and transcription factors areleirtabbind.The conversion of
cytosine to Bmethylcytosine is catalyzed by enzymes called DNA methyltransfefBsepG
sequences are present in abai2% of the genome and usually display a low transcriptional
activity. The increase of DNA methylatiomay change the transcriptional activity and gene
expression level, eventually impacting on diseases [42].

Several reports have been published of different mucosal methylation changes of several genes
in IBD patients, with often significant differences argo@D and UC. The combinations of
several markers may lead to ai80% accuracy in differentiating IBD from controls as
demonstrated by several investigators [43, 44]
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1.3.1 Long non coding RNA in IBD

NcRNAs have emerged as important regulators of gepeegsion at both the transcriptional

and postranscriptional levelsMany ncRNAs have shown promising translatable potential for
clinical applications from prediction and diagnosis to treatment and monitoring of patients.
Non-coding RNAs (ncRNAs) cabe divided in two classes: the first ranges from few to 200
nucleotides and is called small noading RNAs and the other one, longer than 200 nucleotides

to several kilobases, is called long rasding RNA (IncRNA). Among the small ncRNA, the
microRNAs (mMRNAs) are the most known and studied group. miRNAs are expressed
endogenously and during biogenesis they pass a multistep process that includes: transcription,
nuclear maturation, export and cytoplasmic processing (Figure 1.5).

mMiRNAs mediate RNA silenctn and gene expression at both transcriptional and- post
transcriptional level, and therefore can modify several possible pathways. More specifically, in
IBD they may intervene in -€ell differentiation, TH17 signaling pathway, and autophagy.
There is signitant evidence to demonstrate their involvement in disease onset and progression
[45].

The class of IncRNAs is of emerging interest among thecooimg transcriptome. INcCRNA can

be found in different compartments of the cell, indeed, after biogenesp@retsing, several
INcRNA are released in the cytoplasm but most of them are retained in the nucleus recruited to
the chromatin [45] (Figure 1.5).

mIRNA gene intronic mIANA E nhancer Chromatin Tri aﬂsc Joscnal
modificatio
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Figure 1.5Biogenesis and function of miRNAs (on the left)
and IncRNAs (on the right). [46]
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The functons and mechanisms of action of most IncRNAs are not fully understood; however,
based on the current findings, they exhibit diverse functional roles, including the regulation of
proteincoding genes by chromatin remodeling, modulation of gene expressguiation of
protein activity, localization, and stabilityn particular the ability of IncRNAs to bind protein
partners makes them capable of performing numerous cellular functions. In particular, IncRNAs
can act as decoy, for example by preventingatteess of regulatory proteins to DNA. A known
example is growtarrestspecific transcript 5 (GAS5) INcCRNA, a naoding RNA that is over
expressed in growth arrested cells; GASS5 presents in the sequence a hairpin structure able to
bind the glucocorticoideceptor (GR) blocking its ability to recognize the binding sites on the
DNA of the target genes [47].

Several recent studies have investigated the association of dysregulated IncRNAs with both CD
and UC using colonic biopsies or blood samples (or batt)rave further highlighted their

roles in diseaseelated processes, including the regulation of intestinal epithelial cells and
inflammation [48].

For example, one of the first reports elucidating the role of IncRNAs in IBD was the study by
Qiao and cokagues in which they reported that in both active and inactive disease CD patients,
the INcRNA DQ786243 was upregulated compared to control subjects. [49]. Subsequent
overexpression of DQ786243 in Jurkat cells has further shown that DQ786243 can rhgulate t
function of regulatory T lymphocytes (Treg) through changes in the expression aflatl

cAMP response elemebinding protein (CREB) and fork head box P3 (Foxp3). It is established
that defective Tregs play an important role in CD pathogenesis.aoDthe first functional
studies on the role of IncRNAs in IBD identified an IFMG1 IncRNA which was found to be
deregulated in inflamed UC tissues and correlated with clinically validated IBD susceptibility
loci [49].

INcRNAs can also cause resistatieareatment and increase the severity of IBD. In a recent
study usingn vitro cell lines and IBD patient samples, an increased level of the INcRNA GAS5
was identified after treatment with glucocorticoids (GCs). A significant increase in the level of

GAS5was shown to be the ralieniting factor in the remission of at least 20% of IBD patients

showing resistance to GC treatment][50
1.2.2 The IncRNA GAS5

GASS5 IncRNA was first isolated in a study by Schneider and colleagues from NIH3T3 mouse
cells, with the aim of identifying genes expressed during the growth arrest phase of the cell cycle

[51]. The gene belongs to the family of-t&tminal oligopyrimidinetract (5*TOP) as,
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downstream of the gene, there is an oligopyrimidine trait, which confers stability to GAS5 and
protects it from degradation [52]. GASS5 is located on chromosome 125, is about 650 base pairs

long and is composed of 11 introns and 12 eXbiwure 1.6).

Human Gas5 gene

Exon
1 2 34 5 ¢ '@a7g 9 10 11 12

u74 U75 U76 U77 U44 U78 U79 uso  U47 usi
snoRNA

Fig. 1.6Schematic representation of the GAS5 gene. The white boxes represent the 12 exonic
sequences, the black boxes are the 10 snoRNAs

The introns of this gene express several smaltgaating nucleolar RNAs (snoRNAs), while

its exonscontain a small neeoding ORF for a functional protein. In humans GAS5 encodes
10 C/D box snoRNAs that are involved in thel®2methylation of rRNAs. The snoRNAs are
transcribed by RNA polymerase Il as prmE&RNA, and the functional ones derive from splgein
events.From the alternative splicing of exon 7, two isoforms of GAS5 are derived, and both
retain the 5 'TOP and 3' structure.

At the 3' terminal end of the GASS gene, there is a complementarity of about 40 base pairs with
another INncCRNA called GAS5 asénse RNA (GAS#AS1), transcribed on the opposite strand.
The fact that the ORF of GAS5 is very small and there are stop codons in the first exons, suggests
that this transcript is subject to nonsensediated decay following translation [53].

There are everal evidences that GAS5 can be classified as a tumor suppressor in tumors. An
aberrant dowsregulation of GAS5 has been revealed in breast cancer, kidney cancer, bladder
cancer, colorectal cancer, prostate cancer, pancreatic cancer and kidney cE{éer5@. An
interaction between GAS5 and mi was also identified. m#z1 was one of the first miRNAs

to be described as oncomir, a cancer associated miRNA [60, 61]. This miRNA is found
upregulated in various cancers such as breast, prostate, aa@oand lung cancers. In a recent
study it was found that GASS is a direct target of {8IR For example, a negative correlation
between GAS5 and miR1 in breast cancer has been highlighted [62]. Furthermore, it appears
that GASS itself can negativelygelate miR21 through the RNAnduced silencing complex,
suggesting that there is a reciprocal regulatory loop between GAS5 arilLrfei].

Regarding the antisense transcript of GAS5 or GAS3, Wu and collaborators in 2016
published a work which demomates the inverse correlation between the expression of this
RNA and a greater capacity of metastasis ofsmmiall cell lung cancer [64].

An important feature of GAS5 was discovered in 2010; Kino and collaborators have described

GASS as repressor of the GRfluencing the GC activity as observed also in healthy donors'
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peripheral blood mononuclear cells (PBMCs) and in IBD pediatric patients [47, 65, 66] (Figure
1.7).

Fig. 1.7Mechanism of action of GAS5 following the link with GR [106]

To date, there is still no curative drug therapy for IBD, and despite the introduction of highly
effective biological drugs into therapy, GCs are still considered an important treatment;
however, large inteindividual differences in their efficacy and sidéeets have been reported

and the identification of individuals who are most likely to respond poorly to GCs is extremely
important [67].

Kino et colleagues have observed that GAS5S is able to interact with the DNA binding domain

(DBD) of the activated GRawsing a block of its transcriptional activity (Figure 1.8).

GR DBD/DNA GRE GR DBD/Gas5 GRE- GasS GRE-mimic
Iinteraction mimic interaction

Fig 1.8 Threedimensional structure of GR DBD/DNA GRE interaction, Gas5 @Riaic
and its interaction model with GR DBD structure.[47]
In particular, this portion of GAS5 capable of binding the GR is definearBRic as is able to
simulate the glucocorticoid responsive elements (GRE) present on the GC responsive genes and
also contains two sequences (&Rnd GR2) necessary for the forrian of hydrogen bonds
with the DNA biding domain (DBD) of the activated GR. When these bonds are created,
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recognition of target genes with GRE sequences is inhibited, resulting in a loss of the
transcription control performed by the receptor [47].

Recentstudies have analyzed the possible role of the INcCcRNA GASS in the altered response to
steroid treatment, in PBMC isolated from healthy subjects and from pediatric patients with IBD
[65, 66, 68]. In particular, a different GAS5 expression was observedganesistant and
sensitive subjects to GC: resistant subjects show an increase in GAS5 levels compared to
sensitive subjects who instead undergo a downregulation of IncRNA. It has therefore been
hypothesized that the failure to respond to the drug in aasistibjects is due to the fact that
GASS5, by binding to the DBD domain, does not allow the receptor to perform its function. These
results suggest that GAS5 may represent a potential marker of response to GCs.

The expression of the IncRNA GASS5 is dowagulated in various types of cancer and is
inversely correlated with clinical pathological characteristics such as tumor size, progression of
metastases [69]. Recently Chen et al. reported a new role of GAS5 as a regulator of the
development of the metastaphenotype in melanoma, proving the effects of GAS5 -over
expression and silencing im vitro and animal models of melanoma [70]. The authors
demonstrated that GAS5 regulates the development of metastases through the modulation of
MMPs, which are respoiide for the degradation of ECM [71].

1.2.3 Role of InRNA GASS inthe regulation of NF-aB

As described previouslyhe function of most IncRNAdepends on their ability to interact with
functional domains of signaling proteins and thus regulate signal transdunt®RNAs and
IncRNAs contain modular domains through which they directly interact wit®BIBignaling
proteins, thus regulating inflamatory response. [72].

Nuclear factore B (6NBR i's a transcription factor t he
immunity, cell proliferation, differentiation, and survival [73Various studies have
demonstrated that N&B is a central mediator of giinflammatory gene induction and
functions in both innate and adaptive immune cells, regulating the immune system and
inflammatory processes [74, 79Ylembers of NFeB can either induce or repress gene
expression by binding to specific DNA sequences onqters of target genes. In most cell
types, NFeB complexes are retained in the cytoplasm by the actions of a family of inhibitory
proteins termed inhibitors of N8B (IeB). The activation of the NBB is based on the
phosphorylation ofdB, and its consguent proteaosomal degradation, 88 kinase (IKK). The
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transcriptional activity of NféB is regulated by two pathways: the canonical andgaonical
pathway (Figure 1.9) [76].

Canonical pathway : Non-canonical pathway
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Fig 1.9Canonical and neoanonical pathway leading to the activation ofdlB [ 7 6 ]

Translocation into the nucleus and binding to target DNA sequences are important events for
NF-aB to control transcription process. Genes regulated bpBliclude those encodinlL-

2, IL-6, IL-8, the IL-2 receptor, IE12 p40 subunit, VCAM, ACAM-1, TNFU, etc NF-aB has

been implicated in the pathogenesis of a number of inflammatory diseases, such as rheumatoid
arthritis, IBD, multiple sclerosis, atherosclerosis, systemic lepythematosus, type | diabetes,
chronic obstructive pulmonary disease and asthmaCo#]stitutive NFaB activation has been

found in inflamed colonic tissue of IBD patients [7/Blirthermore, genetic mutations in 1B
stimulating immune receptors, suah NOD2, and NfeB target genes, such as-12 and IL-

23, are associated with human IBD [79].

Also the members of the N&B family are associated with a regulationgRNAs.In 2015,

Liu et al. found that the INncRNA NKILA (NfB interactingincRNA) binds to NFeB; NKILA

inhibits the activation of the NBB signaling pathway by masking to IKK the phosphorylation
site of | aB necessary for its suppression |
the nucleus, is directly associatediwit65, preventing the p65/p50 heterodimer binding to the
target promoters [81].

Recent evidence reported that also the INcCRNA GAS5 was involved in the regulatioreBt NF

In particular Li et al. found that this INncRNA was dowegulated in colorectal caeg and
subsequent functional experiments revealed that knockdown of GASS5 incread€s IL
expression [82]: in particular in HCTI16 cells, GAS5 overexpression significantly decreased

the level of pNF-aB p65, and GASS5 knockdown increased the level-biffsaB p65 without
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affecting the level of total N®B p65, suggesting a possible mechanisms through which GAS5
inhibits the inflammatory profile in colorectal cell lines.

In 2018 Wang and colleagues reported that in osteosarcomaGX8% acts as a tumor

supp essor wor ki ng a203a, fasdptious deaadivatihgo RI3K/AKT/BIK3
pathways and activating N&B signaling, reporting that the IncRNA GASS5 silencing decrease
p-NF-aB p65 levels [83]. Moreover, Yue and collaborators described that in cardioragocyt
GAS5-specific sSiRNA decreased the protein expression 6bRn the nucleus, increased the
cytoplasmic protein expression of NIB and inhibited the activity of N8B in cardiomyocytes,
through miR26abinding [84].However,in a recent study of Gao drolleagues, the silencing

of GASS5 in a mouse model of sepsis inactivated thesBISignaling pathway, suggesting that
GASS5 might activate the NBB signaling pathway, and promote sepsis and the following
myocardial depression and injury [85]. All thesadies strengthen the evidence that GAS5
could be defined a modulator of inflammatory response regulating the activity-eBNifr

different cell models.

As already described above, GASS interacts with the activated GR, preventing its association
with DNA, and consequently suppressing its activity. GASS5, through itsn@®c portion,

binds theDBD of the activated GRGiventhat NFe B i s a key medi ator
inflammatory responses and that the GR exertsiaffeimmatory functions, the crosstalk
beween GRandN® B signaling is of particular inte
case has been the transrepressionefiN& by GR. The inhibitory ef
be largely due to recruitment of GR, via protgrotein interaction byhe DBD domain of NF

aB or AP1 (t[87]. 6Rand pbparesuygkstdd jo physically interact and mutually
antagonize each other's transcriptional activity [88]. In principle, multiple layers of regulation
seem to be involved in the crosstalk d® @ndNF-a Bhowever, the mechanism and extent of
crosstalk is still unresolved. Furthermoiteas unknown if GAS5 has also an impact on the-GR
dependentrepressionof FB act i vity, but i1t is already Kk
same domain, afthich GR could interactwithNB B [ 8 7] .

1.3 Therapeutic approaches in pediatric IBD

In face of the complex pathophysiology of IBD, a cure has not yet been found to induce complete
remission of the disease. Currently, therapy is aimed at controlling the exacerbation of the
disease, maintain remission and treat specific complications suftstidas [89], rather than

modifying or reversing the underlying pathogenetic mechanism. Furthermore, in some cases

drug therapy fails and surgical removal of entire portions of the intestine is necessary [90].
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Furthermore, people with IBD have nutritedrdeficiencies that require adequate assistance by
identifying and correcting factors associated with malnutrition and applying oral, enteral or
parenteral nutritional therapy [91].

Currently available therapies include aimflammatory, immunomodulatory and
immunosuppressive drugs, and biological therapies against inflammatory cytokines such as

TNF-U. (Figure 1.10)
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Fig 1.10Schematic therapeutic approach in IBD (moderate to severe form)

Conventionally, a strategy involving intensification of therapy is used. Treatment with 5
aminosalicylic acid is considered appropriate for mild cases of UC, both for the induction of
remission and for the prevention of relapse [¥=llucocorticoids are kgely used in IBD to
induce remission in patients with moderate to severe disease, but a greatdiuidual
variability has been observed both in adults and in children. Indeed, up to 90% of pediatric
patients have a rapid improvement of symptoms &t@s treatment, however, after 1 year only

the 55% of these patients are still in remission (stemsgonsive), almost the 40% have an
increase in disease activity when the dose is reduced (stipehdent) and 10% of pediatric
patients do not resporid GC therapy (steroicesistant) [93, 94].

In children, GCs are prescribed for inducing remission with moderate to severe disease when
the exclusive enteral nutrition is not possible. In addition, in children with mild to moderate ileo
cecal CD, budesode or systemic corticosteroids are used to induce remission [12]. However,
during GC treatment there is a high risk for adverse effects principally related to the dose and
the length of treatment [95] and no biomarkers are still available to predictsihense to

corticosteroids and reduce the risk of developing adverse events [96, 97].
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Therapy with immunomodulators such as azathioprine (AZA), mercaptopurine (MP) and
methotrexate (MTX), employed for maintaining remission is also associated with sicks effe

and intolerance. Monoclonal antibodies againstT\F such as inflixi mab
and adalimumab (a completely human antibody), are currently used and are highly effective;
however, approximately 1P0% of patients are primary noaspondes to aniTNF-U t her apy
and another 20%30% of patients lose therapeutic response over time [90]. Several other
immunomodulators, such as thalidomide, can be used to treat IBD: this synthetic drug has been
shown to significantly reduce inflammation asated with IBD due to its anfTNF-U,
immunomodulatory and aréingiogenic properties [89]. Drug therapy reduces the need for
surgery that involves the removal of the large intestine. While UC is treated after colon removal,
CD is panenteric in nature, sbe disease can still recur after surgery [98]. Therefore, it is
necessary to develop a safe therapy, optimized for chronic use and more targeted for IBD, aimed

at ensuring a satisfactory quality of life for the patient [90].

1.3.1 Thalidomide in IBD therapy

Despite an increasing number of treatment options, many IBD patients continue to pose a
therapeutic challenge because they do not respond adequately to therapy or because they
experience severe side effects following treatments. Thanks to itsTNiRtU,
immunomodulating and artingiogenic properties, thalidomide has been used successfully in
chronic inflammatory diseases including IBD, in particular in children who do not respond to
other therapiesdespite the potential for adverse effects [99].

Therole of thalidomide in the treatment of pediatric and adult refractory CD has been studied
in small operAabel studies and in a series of retrospective cases [100]. Recently, a randomized
controlled clinical trial showed superiority of thalidomide oveaagebo for achieving clinical
remission at 8 weeks of treatment and for loeign maintenance of remission in children and
adolescents with refractory CD. The drug has been administered to immunomodulator/biologic
resistant or intolerant patients [101].

Thetherapeutic effect of thalidomide in IBD is attributable to its immunomodulatory and anti
inflammatory activity through TN, | L6 and Il L2 i nhibition
antiangiogenic property, reducing the expression of vascular endothelium grotethefad of
fibroblasts growth factor (VEGF and FGF), involved in the process of inflammation of the

mucous membranes [103].
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1.3.2 Thalidomide: mechanisms of action

Thalidomide was marketed in the late 1950s as a nonaggressive aparbiarate sedative by

the German pharmaceutical compadlyemieGrunenthal It was sold as an owhe-counter

drug with sedative, hypnotic and tranquilizing properties and was quiokiyd to be an
effective antiemetic for treating nausea during pregnancy. However, it was introduced to the
market without adequate clinical trials. Shortly after its release in 1957, reports emerged of
patients developing peripheral neuropathy after takine drug and the first reports of severe
birth defects affecting various body systems due to the drug's teratogenicity appeared. In
particular, the teratogenic effect of thalidomide was reported in 1961, with the first cases of
embryopathy related to thdomide [104]: damage wagprimarily seen to the limbs
(phocomelia), face, eyes, ears, genitalia, and internal organs, including heart, kidney, and
gastrointestinal tract.

Thalidomide is a synthetic derivative of glutamic acid, a natural amino acid ivaive
important physiological processes, including brain neurotransmission and metabolism. It is
composed of two connected rings, a glutarimide ring and a phthalimide ring; the presence of a
chiral carbon determines the formation of two enantiomers (R awhiSh interconvert under
physiological conditions forming a racemic mixture in a 1:1 ratio (Figure 1.11). One of the two
enantiomers, the-8nantiomer, appears to cause the teratogenic effect [99]. However, since the
drug can convert between one enantoimstate and another, it is very difficult to create a stable

form that is not teratogenic.

NH

S(:)-thalidomide

Fig 1.11 Interconversion between the two enantiomers of thalidomide

Oral absorption is effective despite being slow, variable and dose dependent. Theshlotd p
reached after -3 hours and the halife after a single dose of 200 mg or repeated

administrations, varies from 3 to 7 hours. Metabolism occurs mainly by spontanecus non
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enzymatic hydrolysis at physiological pH with the formation of over 20 metebol
Thalidomide can still be metabolized in the liver by cytochrome p450 2C19 with the formation
of molecules that could intervene in the antiangiogenic effect [99].

The immunomodulatory activity of thalidomide appears to be due to its ability to modulate the
production of cytokines (Figure 1.12) [104]. Among these, there is the suppression-af TNF
which occurs through an increase in the degradation of its mRNA.[I@@]drug is able to
inhibitthe release of TN by human mo n oty byd BS, is & concemttaten e d
dependent manner [105]. Thalidomide also inhibits the production-d2 land the activation

of NFa B, as wel |l as t he that mduee deukooyte adbekion rfl69].e c u
Furthermore, it suppresses angiogenesis, probably through the inhibition of endothelial cell
proliferation [106].
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Fig 1.12Mechanism of action of thalidomide in multiple myeloma

Angiogenesis also requires thetivatonofNFe B; consequently, it has
thalidomide may mediate its effects through the suppression & BF [ 1 06 ] . I n ac
influencing the production of cytokines in monocytes, thalidomide is able to influence the
functionsof T cells, which play a central role in regulating the immune response.

In 2010, Ito et colleagues identified in cereblon (CRBN) the primary direct target of thalidomide
[107] for both the antcancer activity and teratogenicity of thalidomide [108, 1G®BN forms

a cullinreally interesting new gene (RING) ligad€CRL4) ubiquitin ligase (E3) complex with
damagespecific DNAbinding protein 1 (DDB1), Cullin 4 (Cul4), and Regulator of culins

(Rocl). When thalidomide or its derivatives bind to CRBNe protein can recognize
Oneosubstratesdé for subsequent wubiquitinat:.
dependent on the structure of CRBNding compounds, and novel compounds that target
CRBN are being sought. In particular, proteadtsirgeting chimeras (PROTACS) have been
developed using CRBN, and this technology is attracting the attention of researchers and of the

pharmaceutical industry [110Fome studies suggest that thalidomide exerts its teratogenic
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effects by binding to CRBNyith a consequent alteration in the recognition by CRBN of the
proteins to be ubiquitinated for degradation, in particular of the molecules involved in the
signaling of development and embryogenesis, including signaling pathways of bone
morphogenetic prein (BMP), fibroblast growth factor 8 (FGF&paltlike transcription factor

4 (SALL4) and p63 [100, 108, 111, 102

In multiple myeloma it has been observed that, following the direct binding between CRBN and
thalidomide, but also its derivatives lenalidide and pomalidomide, CRBN selectively binds
the transcription factors lkaros (IKZF1, Ikaros family zinc finger protein 1) and Aiolos (IKZF3,
Ikaros family zinc finger protein 3), causing rapid ubiquitination with subsequent degradation
(Figure 1.13) [11].
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Fig 1.13Graphic representation of the mechanism of action of
thalidomide in multiple myeloma [105]

Ikaros and Aiolos are transcriptional regulators of B and T cell development. Under normal
conditions lkaros suppresses the expression of the gmoeling IL-2 in T cells, but on the
contrary stimulates the expression of the interferon regulatory factor 4 (IRF4), a transcription
factor that increases in infections; it is therefore deduced that thalidomide simultaneously causes
both an activation ofie immune system, since the degradation of Ikaros is followed by an
increase in the production of42. by T cells with consequent stimulation of immune responses,
and a degradation of the function of B cells , as a result of reduced IRF4 expression [111].
Recently many other studies have reported that CRBN, by interacting with thalidomide or its
derivatives, lenalidomide and pomalidomide, alters the expression of other proteins and
transcriptional factors, inducing ubiquitination and degradation: casease&inCK1U) [112],

G1 to S phase transition 1/eukaryotic release faci@3PT1)[113], AMP-activated protein
kinase (AMPK)[114] andpromyelocytic leukemia zinc fing€PLZF) [115].
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1.3.3 Peripheral neuropathy induced by thalidomide

In addition to thewvell-known teratogenicity of this druggeripheral neuropathy is one of most
frequent adverse events of thalidomide and is a common cause of treatment discontinuation.
At a pathologic level, thalidomideduced peripheral neuropathy (TiPN) tends to manifiath

axonal, lengtkdependent, sensory injuries. Neuropathy often presents as painful paresthesia or
numbness [116]; this adverse event is reported as reversible in most patients after drug
discontinuation [117]. The most common electrophysiologica&iratibns are a reduction or
absence of the nerve action potential that may occur before the outcome of the symptoms. Some
risk factors are known, including: previous neuropathy, age, previous chemotherapy, vitamin
B12 deficiency and folate deficiency. Tirequency of TiPN varies in the current literature
depending on the age of the patients, the disease, the drug doses, concomitant treatments anc
the duration of followup [118].

TiPN occurs in 2b75% of patients, with dos#gependent prevalence and seyefit19]. |
pediatric IBD patients in treatment with thalidomide TiPN was found in 72.5% of patients, but
the prevalence depended on the treatment length [$20je recent studies have also shown
that the development of this side effect is closelgted to the dose of thalidomide [121].

The pathophysiology of TiPN remains not fully understood. To date three main hypotheses have
arisen to explain thalidomide neurotoxicity. First, as thalidomide has antiangiogenic activities,
this process is propoddo be responsible for the secondary ischemia and hypoxia of nerve
fibers, followed by an irreversible damage of sensory neurons [222¢nd, it is suggested that
thalidomide reduces neural cell survival by downregulation of-UNiFiggering the inhiliion

of NFeB and accelerating neur onal cel | deat
dysregulation [123]. Finally, it has been hypothesized that thalidomide metabolites can cause
reactive oxidative species (ROS) damage to DNA, leading to neuronal edfrixt]. ROS
dependent mechanism has been confirmed in plativased neurotoxicity development, but

not in TiPN. In 2011 Johnson and collaborators published a paper in which some genetic factors
were studied as predisposing to the development of peripiemeopathy in cancer patients
suffering from multiple myeloma treated with thalidomide [125]. In this study, the identification

of a series of single nucleotide polymorphisms (SNPSABCALl (rs363717),ICAM1
(rs1799969, PPARD (rs2076169),SERPINB2 (s6103), and SLC12A6 67164902 which

were associated with TiPN were describ&ithough information on TiPN mostly derives from
studies on adults with multiple myeloma, and little is known about the risk factors and the course
of TiPN in IBD patient, a recd study conducted on pediatric IBD patients reports that SNPs in
ICAM1 (rs1799969)and SERPINB2(rs6103)reduce the risk of neuronal damage and favour
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TiPN resolution 119, proving that polymorphisms in genes involved in neuronal inflammation
may be pragctive.Understanding the underlying mechanisms of TiPN could be a useful tool to

prevent the onset of this complication and to delay or treat the most severe symptoms.
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2. AIM OF
THE PROJECT



IBDs are a group of diseases characterized by chronic inflammation of the gastrointestinal tract
that promotes progressive destruction and pathological remodeling of the tissues of the
gastrointestinal system. The exact causes of these pathologies rekrawn but studies have
shown the importance of complex mtftictor interactions [1]During the activity phase of
disease, CD4 + T lymphocytes are capable of releasing inflammatory cytokines, which activate
other inflammation cells. These piflammatoy factors also favor the activation of proteolytic
enzymes including MMPs, which play an important role in the ECM remodeling [22]. Among
the MMPs, of particular interest is the group of gelatinases which includes-afid MMR

9 [21]. In IBD, increased ieels of both MMP2 and MMR9 have been reported, and the high
concentration of these two proteases suggests that inflammatory mediators may be involved in
their regulation [120]. It has recently been shown that the expression of these two gelatinases in
mdanoma cells is inversely correlated with the expression levels of the GAS5 IncRNA [70].
Recent discoveries on INncCRNAs as possible regulators of gene expression led us to investigate
the potential role of the INcCRNA GAS5 in mediating tissue damage andamang intestinal

barrier function in pediatric patients with IBD aimdvitro. In particularthe first aim of the
present investigation was to increase the knowledge about the possible regulation mechanism
of GAS5 on MMR2 and MMR9 expression and acttyiin IBD patients, by a comparative
analysis of gene expression profile of these genes between inflamed amdlaroed colon

tissue obtained from IBD pediatric patients at diagnosis. Moreover, the role of GAS5 in
regulating the expression of these twivIMs was investigated on THipcell line. Considering

the importantroleofNe B as regul ator of the enzymes re
digestive tract and the constitutive 8B activation in inflamed colonic tissue of IBD patients,

the potental role of GAS5 in the modulationof N&6B act i vi ty amammlyssbfs o s
the interaction of P65, (a subunklF-aB complex), and GAS5 through the RNA

immunoprecipitation assay in Hela cells was performed.

To date, a curative drug therapy fodB does not exist and the therapeutic approach is directed

to the treatment and control of inflammation. A significant portion of patients treated with
standard therapies does not respond or experience adverse effects that can be serious. These
patients a& therefore treated with other drugs, in some cases very expensive and with important
side effects. A multicenter randomized placebatrolled study conducted by IRCCS Burlo
Garofolo has shown that thalidomide is very effective in children with refraCiaiyn's disease

[127]. Despite numerous attempts to clarify how thalidomide acts, the exact mechanisms still

remain ambiguous and controversial. The second purpose of this thesis work was to obtain a
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greater knowledge of the mechanisms of action of thalide in patients with IBD, in order to
identify not only markers of efficacy but also to investigate the molecular causes that trigger the
important side effect, peripheral neuropathy. To achieve this goal, blood samples from pediatric
patients with IBD efractory to standard therapies and then treated with thalidomide were
collected starting from 2016 and used for the study of transcriptome by next generation
sequencing (NGS). To validate the RMAQ resultsin vitro experiments were conducted on
Thp-1 cell line, a monocytic cellular line, and on-sy5y, a neuronal cell model, tryintp

investigate the molecular mechanism of peripheral neuropathy induced by this drug.
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3. MATERIALS
AND METHODS



3.1 Clinical samples
Samples for MMPs and GASS5 correletion study

Twenty-five children with IBD (mean age at enrolment 12.5 years, 12 UC and 13 CD) were
enrolled at diagnosis in this study, at the Gastroenterology department of IRCCS Burlo Garofolo
in Trieste. For each patient, during a colonoscopy, two biopsies (irdlamd norinflamed)

were collected. Both endoscopic and histologic evaluations were performed for all patients
enrolled in the study.

Histologic appearance of biopsies was described using a predefined histologic inflammatory
score and an architectural albmalities score, developed for a previous study [99]. Both
inflammatory and architectural score were described with a range from 0 (absence of
inflammatory activity) to 5 (maximal inflammatory activity) calculated considering the active
inflammation (rangérom O to 3), presence of crypt abscesses (range from 0 to 1), and erosions
and ulcerations. Architectural abnormalities comprised glandular crypts alteration (range from
0 to 3); basal plasmacytosis (range from 0 to 1), and epithelioid granulomasf{cen@eto 1).

The study was submitted for approval by the local Bioethics Committees, and patients were
enrolled only after having been adequately informed and having signed informed consent,

personally, when possible, or from parents or guardians.

Samples for transcriptomic thalidomide study

The analysis carried out in this part of the project was part of a multicentre study that involved
the pediatric gastroenterology departments of the "Burlo Garofolo" hospitals in Trieste and
"Meyer" in Florence. Startg from 201610 IBD pediatric patients (pregeatment, PRByeated

with thalidomidewere enrolled antlood samples were taken for pharmacogenomic analyzes.
An additional blood sample was drawn after 3 months of treatment with thalidomi@e51.5
mg/kg/day (POST). Clinical activity, inclusive of clinical and inflammatory markers evaluation,

was assessed IRCDAI and PUCAI scores.

3.2 Isolation of PBMCs from whole blood

Blood mononuclear fraction cells were isolated from EDTA anticoagulated peaipblood

from pediatric IBD patients included in the study. Cells were isolated following centrifugation

(600 x g, 40 minutes at 15 ° C) by density gradient, using Ficoll PaqueTM Plus (GE Healthcare,

density: 1.077g / mL).

The PBMCs, stratified in the €oll-plasma interface, were collected using a Pasteur pipette and

subsequently washed with PBS by centrifuging at 600 x g for 10 minutes at 15 ° C. The cells,
31



after last wash, were resuspended in 2 ml of PBS and counted by the Trypan Blue exclusion
method.Finally, about 10 x1®cells were resuspended in 1 ml of Trizol and storeddat° C

until the time of RNA extraction.

3.3 RNA extraction from PBMCs

The total RNAs were extracted using the fAPuU
accordingto the instructions given by the company. The RNA samples were then quantified

with the NanoDrop 2000 Spectrophotometer.

3.4 mRNA-sequencing and mapping

The RNA samples were shipped to the IGA sequencing center in Udine for libraries preparation
using he llumina TruSeq kit and subsequent paeed sequencing on the Illumina Hiseq 2000
NGS platform. In order to remove namformative sequencesaw reads were trimmed with the
ATrim readso t ool from CLC Gen o mi
(https://digitalinsights.qiagen.comj as follows:

» Quality trim = Yes

Quality limit = 0.05

Ambiguous trim = Yes

Ambiguous limit =0

Automatic reaethrough adapter trimming = Yes

Remove 5' terminal nucleotides = Yes

Number of 5' terminal nucleotides = 20

Remove 3' terminaiucleotides = No

Discard short reads = Yes

Minimum number of nucleotides in reads = 30

Discard long reads = No

Save discarded sequences = No

Save broken pairs = No

Y V. ¥ ¥V ¥V ¥ ¥ ¥ ¥V ¥ ¥V VYV ¥

Create report = Yes

Trimmed reads were mapped on annotated human genomic DNA (Ensemld 68¢asing
the RNASeq Analysis tool i ncluded i n CLC Ger
expression data for each of the 53,816 annotated genes. The mapping was carried out separately

for each sample. The number of reads mapped for each gene was remtrt@allPM and the
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normalized counts were used for differential expression analysis betweetrepbsient

(POST) vs prdareatment patient samples (PRE).

3.4.1 Differential Gene Expression an

The statistical analysis relafj to the differential expression was conducted using the
Differential Expression for RNASeq t ool of CLC Genomics Wo
implements a generalized linear model. The Differentially Expressed Genes (DEGs) were
selected considering a FBd®rrected pvalue (FDR) < 0.05 the proportion Fold Change (FC) >

2 (which characterizes the wpgulated transcripts) and-2 (which characterizes the down
regulated genes). The differential analysis was performed starting from the)geression read

trackst GE) obtained from the mapping -Svedqd ttdael i
the workbesnocl.atmMesmtprseampl es were used as a

3.4.2 Enrichment test (Gene Ontology)

The differential analysis was integrated with a functionalysis, implemented by the
hypergeometric test on the Gene Ontology annotations. Gene Ontology (GO) is a bioinformatics
project designed with the aim of creating a universal standard terminology for the annotation of
genes. The classification concerns éhigeas: cellular component, molecular function and
biological process. The purpose of the analysis was to verify the pres&amrebéd categories

of Gene Ontology, determining whether the number of genes observed among the DEGs for
each GO category wasgnificantly greater than the number of genes expected for the same
category. The intent of this study was to identify the biological processes and molecular

functions that are perturbed by the treatment.

3.4.3 Ingenuity Pathway Analysis

Ingenuity Pativay Analysis (IPA) (Qiagen) is a tool capable of generating networks of
biological interest that help to understand how genes of interest are related to each other,
showing the significant interactions between them based on the IPA Knowledge BaseeT he latt

is a database constantly updated that organizes biological and functional interactions based on
relationships between proteins, genes, cells, tissues, drugs and diseases, limited to humans, mice

and rats. These reports are constantly edited and indketdds and references to the original
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publications, facilitating the formulation of functional biological hypotheses starting from data
derived from largescale genomic, transcriptomic and proteomic experiments.
Starting from a list of DEGs associatedwat fold change and avalue, IPA can also:
1 identify key regulators upstream of the DEGs that can explain their pattern of expression
(Aupstream regul atoro analysis);
9 predict downstream effects on biological and pathological processes;

1 build interactive mdels of experimental systems.

3.5Cell cultures

The following immortalized cell lines were used in this study:

1 Thpl

1 HelLa

T Sh-sySy
The Thpl (ATCC, TIB-202)is a monocyte cell line growing in suspension, isolated from a
pediatric patient with human acute monocytic leukemia; this cellviag grown in Roswell
Park Memorial Institute (RPMI) 1640 mediufuroClone®).TheHeLa (ATCC, CCL2) is a

human cervical@aci noma cel | l i ne, and was grown in
(DMEM, EuroClone®); lastly, stsy5y(catalog number 94030304, SigrAldrich) is a human
neuroblastoma cell line, with apitheliatlike cell phenotypeand mai nt ai ned i n

Modi fi ed Eagl ebs Me dilaHamNigrmaAldrieh), suppiémentedi wite  F
nonessential aminacid (10 mM for each amino acig8igmaAldrich).

All media were supplemented with 10% (v/v) fetal calf serum (FBS, Shiaéch), 1% (v/v)
L-glutamine 20nM, 1% (v/v) penicilin 10,000 Ul/mL and streptomycin 10 mg/mL
(EuroClone®). Cell cultures were maintained according to standard procedures in a humidified

incubator at 37 °C with 5% CQand cell passage was performed twice a week.

3.5.1 Cdis differentiation

To differentiate macrophages from the immortalized cell line-Thadter seeding in completed
medium, cells were stimulated with phorbolit¥ristate 13acetatgd PMA, Life Technologies) 5

ng / ml and left in the incubator for 48 heuo induce the differentiation of monocytes into
macrophagesTo induce differentiation of Sky5y cell line into a neuralike phenotype cell

with neurite outgrowth and branches, one day after plating, cells were incubated in Neurobasal

medium (Gibco)supplemented with 7 supplement (Gibco) angjlutamine (EuroClone®).
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Dibutyryl cyclic AMP (DbcAMP) (1mM, SigmaAldrich) was added to the medium for 3 days.

After 3 days, cells were differentiated in a neuronal phenotype cell.

3.5.2 Cell lines stimulaton

For thein vitro study and analysis of GAS5, MMP2 and MMP9 expression; Ttyere treated

with different preinflammatory stimuli, in order to study the effects of the inflammatory
response on the expression of the examined genes. After seedirwEng stimulated with
phorbol 12myristate 13acetate (PMA, Life Technologies) 5 ng / ml and left in the incubator
for 48 hours to induce the differentiation of monocytes into macrophages. After 48 hours, the
culture medium was aspirated and washed withilestd®BS; subsequently the Tiip
differentiated and not, were stimulated with lipopolysaccharide (LPS, Life Technologies) at a

concentration of 1 e€g/ml for 3 hours.

3.6 Cytotoxicity Assay

MTT (3,4-dimethylthiazole2,5-diphenyltetrazolium bromide) (Sigmaldrich) assay test was

used to quantify the possible cytotoxic effect of thalidomide wsy$hcells either unand
differentiated. Cells were treated with different concentrations (50, 1@®, 400 uM) of
thalidomide and at different times of incubation. 4 hours before treatment expires, cells were
incubated with MTT and finally levels of MTT/formazan were determined by measuring the
absorbance. The plate is read at the double waveleng#0aird and 630 nm (the absorption

wavelength of the formazan salt corresponds to 570 nm).

3.7 RNA extraction from biopsies and cell lines

Total RNA was extracted using TRIzol® reagent (Thermo Scientific) fromITHpelLa, Sh

sy5y cell lines and from PBMGCand colon biopsies of IBD pediatric patients. All the samples
were incubated with TRIzol® for 5 minutes at room temperature to permit complete dissociation
of the nucleoprotein complex. 2@Q of chloroform (SigmaAldrich) were added and after 3
minutes & incubation at room temperature a centrifugation at 12,000~ g for 15 minutes at 4 °C
permits the separation in a lower red pherfdbroform phase, an interphase and a colorless
upper agueous phase. RNA remains exclusively in the aqueous phase tinafasréa into a

new tube to proceed with the RNA isolation procedure. After precipitation witbh1560100%
isopropanol (Sigm&ldrich) and a wash step with 1 mL of 75% ethanol (Sigkidrich), RNA
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pellet was resuspended in RNdeze water (Gibcd.ife Technologies) and incubated in a water
bath at 55 °C for 10 minutes. Then, the RNA concentration and purity were calculated by Nano

Drop instrument (NanoDrop 2000, EuroClone®).

3.8 Quantitative reakttime PCR

MRNA expression levels of different genes studied were evaluated b{imeaRT-PCR
TagMan® analysis and Syber Green using the CFX9&irealsysterC1000 Thermal Cycler
(Bio-Rad Laboratories). The reverse transcription reaction was carried out witHighe
Capacity RNA tecDNA Kit (Applied Biosystem) using up to€lg of total RNA per 2@L of
reaction containing 16L of 2x RT Buffer, 1eL of 20x RT Enzyme Mix. The thermal protocol
(Applied Biosystems 2720 Thermofisher Scientific) provides a first iatob of samples to

start the reaction at 37 °C for 60 minutes and a stop of the reaction by heating to 95 °C for 5
minutes and a final hold step at 4 °C. The cDNA obtained is ready feimeaPCR analysis.

For quantifying the expression level of thenge analyzed in this thesis, TagMan® Gene
Expression Assay (Applied Biosystem) and the SensiFASt SYBR@X Kit (Meridian
Bioscience) were used.

RT-PCR TagMan® analysis could be divided in three steps:

1) At the start of realime PCR, the temperatuieraised to denature the doukteanded cDNA.

During this step, the signal from the fluorescent dye on the 5' end of the TagMan® probe is
guenched by the neftuorescent quencher (NFQ) on the 3' end.

2) In next step, the reaction temperature is loweredldav the primers and probe to anneal to
their specific target sequences.

3) DNA polymerase synthesizes new strands using the unlabeled primers and the template.
When the polymerase reaches a TagMan® probe, its endogenous 5' nuclease activity cleaves
theprobe, separating the dye from the quencher.

With each cycle of PCR, more dye molecules are released, resulting in an increase in
fluorescence intensity proportional to the amount of amplicon synthesized. We used the 6
carboxyfluorescein (FAM) as fluoresmt dye on 56 end. TaqgMan g«

are summarized in Table 3:

PROBE | CODE COMPANY
18S Hs99999901 s1| Thermo Fisher

GAPDH | Hs99999905_m1 | Thermo Fisher

GAS5 Hs03464472_m1 Thermo Fisher
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RPLPO Hs99999902_m1 Thermo Fisher

MMP-9 Hs00957562_m1 Thermo Fisher

MMP-2 Hs01548727_m1 Thermo Fisher

Table 3 TagMan® gene expression assays used in Real-P@k

To normalize the expression levels of gene targets it is necessary to use an endogenous control
gene, the housekeeping gene. thar immortalized and primary cell lines the ribosomal RNA

18s, Gapdh and-Actin were used, while for biopsies the RPLPO, that codes for a ribosomal
protein of 60S subunit, was employed. The expression levels of the selected transcripts were
determined usg the Livak method for relative expression (RE) and relative expressipoif

[129]. The results are provided as the mean and standard error (SE) of three replicates.

SYBR Green is a fluorescent dye, able to bind deablended DNA molecules by intedating

to determine the amount of DNamplified. Predesigned (KiCqStart® SYBR® Green Primers,
SigmaAldrich) primers were used table 4. Betetin was used as normalizer and expression levels

were reported as-@Ct, using the Livakmethod [129].

GENE CODE COMPANY

CACNG6 | FH1_CACNGG6 | SIGMA

ADAMTS2 | FH1_ADAMTS2 | SIGMA

SLC1A3 FH1_SLC1A3 SIGMA

ACTIN B FH1_ACTB SIGMA

NRCAM FH1_NRCAM SIGMA

GABRE FH1_GABRE SIGMA

Table 4.Predesigned (KiCgStart® SYBR® Green Prim&igimaAldrich)
3.9 Gene transfection and oveexpression

To verify the role of GAS5 in modulating the expression of MRRnd MMR9, a gene
overexpression experiment was performed, transfecting the cells with a plasmid vector in which
the geneencoding GASS5 was cloned. The vector used is a pCDNA3.1 +, a commercial plasmid.
The transfection was carried out on the -Tlhgell line with the pCDNA3.1 + GAS5 expression
vector using the Lipofectamine 2000 reagent (Invitrogen), following the protoggésted by

the manufacturer. In parallel, the empty plasmid vector pcDNA3.1 + was used as a control.
Lipofectamine 2000 DNA Transfection Reagent (Invitrogen) is a reagent composed of cationic
lipids that form liposomes with a positively charged surfacealaws the association of DNA

and mediates interaction with the plasma membrane.
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3.10 Protein isolation

Depending by the starting sample, three different methods were used for the isolation of
proteins:

1) to study the expression of MMP2 and MMP9 in IB&lients, colon biopsies were collected,
frozen and isubsequently grinded into a fine powder using a mortar and pestle in dry ice. The
grounded tissue was transferred in aweeghed chilled tube and weighed again. 3Q0of

lysis buffer, composed of THHCI 10 mM pH 7.4, EDTA 100 mM, NaCl 100 mM, SDS 0.1%,

with protease inhibitor cocktail 1x (all from SigrAddrich) were added per 5 mg of tissue
powder and mixed on a rocker at 4 °C for an hour. The lysate was further cleaneddpug@5
needle and gerifuged at 10,000 x g for 5 minutes at 4 °C to remove cell debris. The supernatant
contains the whole protein lysate.

2) to quantify the effect of thalidomide on-Si5y cell line differentiation, cells were collected

and washed twice with cold PBS. Tysé the membrane 1@QL of a lysis buffer with protease
inhibitor cocktail 1x (Life technologies) was used, followed by sonication for 30 seconds and
centrifugation at 10,000 x g for 10 minutes. The supernatant contains the whole protein lysate.
3) for RNA-immunoprecipitation experiments, Hela cells after being seeded and cultured for 2
days were collected and washed twice with cold PBS. To lyse the membrarsd, 60RIP

buffer, composed witBO mM HEPES PH 7.7 (Euroclo®g, 150 mM NaCl, 0.5 mM EDTA, 1

mM DTT, 10% Gycerol, 0.1% TritonXwith protease inhibitor cocktail (all from Sigma
Aldrich) was used. Lysate were incubated for 30 minutes in ice and then centrifugated at 10,000
x g for 20 minutes at 4 °C to remove cell debris. The supernatant contawwbdleeprotein
lysate.Protein lysates were quantified with Bradford assay for the Western blot assay and for RNA
Immunoprecipitation. Proteins bind to Coomassie dye under acidic conditions resulting in its change
of color from brown (cationic form) to béuanionic form). Standards (BSA at concentrations of
150. 125 e€g/ L and 0 ¢ g/ ¢ L jwelldlat-platesvahnBpatf@dsreagente p |
(SigmaAldrich) in ratio 1:50. After 15 minutes of incubation at room temperature in the dark,
absorbance is read at 590 nm by a spectrophotometer (Automated Microplate Reader EL311, BIO
TEK® Instruments). A calibration curve is obtained, and the protein content of the sample is

calculated from its absorbance value.

3.11 RNAImmunoprecipitation

RNA Immunoprecipitation is an antibodyased technique used to mapvivo RNA-protein

interactions and RNA modifications. The RNA binding protein (RBP) of interest is
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immunoprecipitated together with its associated RNA to identify bound transcripts (MRNAsS,
noncoding RNAs) and transcripts can be detected by-tre@l PCR, microarrays, or
sequencing. Hela cell line was used to study the role of GAS5 in modulating the activity of the
trascriptor factor NFe Bt h r o u-tP lexperimditiN A

Protein lysates, obitzed as described previously, were incubated witle|56f Sepharose G
Beats(1:1) (SigmaAl dr i ch) for 2006 at samnpldmelearng tvhichp e nt |
is an optional step designed to remove proteins and ligands that birgpedfically tothe

beaded supporiA f t er , beads were pelleted at 1000
incubated over night at 4 AC with gentle rc
and with primary antibody (1:200, aRi65,Santa Cruz BiotechnologiesAs negative control,
protein |ysate pre cleared wa s-Aldriah)c20lplacf ed w
Sepharose G Beatgere added and incubated for 4 hours at 4 °C with gentle rotation. At the
end samples were divided in two aliquots and thartrdugated at 1000 RPM for 30 sec. For

the first aliquot, used for RNA isolation, the supernatant was removed and beads were
resuspended in 5061 of RNA wash buffer (HGEN buffer with DOC 0.2% and Urea 5mM),
incubated 106 at 4edCcevitthi gJegat edrfoomtatony
for a total of 4 washes. Beads were resuspended in 1TRIzbI® reagent (Thermo Scientific)
Co-precipitated RNAs were isolated and RTR for GAS5. The second aliquot was used for
protein isolated byhe beads. Beads were resuspended ineb@d Wash buffer PBS 0.2%
TritonX100, all from SigmaAldrich), then centrifugated for at
centrifugation repeated for a totaldWwashes. Beads were then resuspended in Loading Buffer

4X (Thermofisher) and protein (P65) was detected by Western blot analysis.

3.12 Immunoblot assay

Immunoblot assay or western blot is an analytical technique used to detect and quantify specific
proteins in a biological sample. Samples are prepared as follovegy @Dproteins are added

with 5 eL of LDS Loading buffer 1x (Thermo Fisher) to a final wwle of 20eL with RIPA

buffer under nofreducing conditions. Each sample is then loaded on Sodium Dodecyl Sulphate

i Polyacrylamide Gel Electrophoresis (SPBGE) 10% (precast Bolt 10%, Bigis Plus Gels,

Thermo Fisher) which permits to separate protéased on their molecular weight since it
breaks tertiary and secondary protein structures and charges amino acids negatively. Gel is also
loaded with %L of protein marker (Thermo Fisher) that separates in colored bands depending
on the molecular weighhiorder to follow protein run. The gel is inserted in an electrophoretic
chamber filled with Running Buffer 1x (Thermo Fisher) that is connected to electrodes on which
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a voltage of 200 V is applied for about 50 minutes. Gel is then put in a Power BlbtemO
Fisher) placed on a nitrocellulose membrane (Thermo Fisher) previously wetted with Transfer
Buffer 1x (Thermo Fisher). A constant electric current of 1.3 A (25 V) is applied for 10 minutes.
After transfer on nitrocellulose, the membrane is cut usiagkers as a guide to separate
proteins of interest from the others. Afterwards, each sample is incubated with 5% milk solution
in T-TBS (0.012 % p/V Trizm& basg(Sigma); 0.009 % p/\odium chloridgSigma); 0.001%
Tween 20 (Sigma)) for 1 hours at 4 °@ a rocking platform. This phase is needed to bind all
nonspecific binding sites on the membrane. After blocking, incubation with the following

primary antibodies at 4 °C is performed:

Antibody Host | Final dilution | Company

anti MMP9 rabbit | 1:1000 Sigma Aldrich

anti MMP2 rabbit | 1:1000 Sigma Aldrich

anti p65 mouse| 1:500 Santa Cruz Biotechnologig
antib t u b { rabbit | 1:1000 Cell Signaling

Anti- HSP90 rabbit | 1:1000 Santa Cruz Biotechnologig
antk b Actin mouse| 1:3000 Abcam

Table 4 Primary antibodies used for Western blot.

Anti-mouse (Cell Signaling Technologjesand antirabbit HRP conjugated (OriGene
technologies and Sigraldrich) secondary antibodies were incubated for 1 hour at 4 °C. After
each step of antibody incubation, meanes are washed with TIBS, four times for 5 minutes

and are ready to be developed. In order to develop the membranes, LiteABLOT Turbo
Chemioluminescent Substrate (EuroClone®) is used. The kit is composed of Peroxidase Buffer
and Luminol: HRP enzyme in@sence of hydrogen peroxide catalyzes the oxidation of luminol,
resulting in a fluorescent emission. The solution is spread on the membrane and incubated for 5
minutes. The fluorescence produced by luminol is impressed on the photographic plate (Sigma
Aldrich) placed on the membrane for 20 minutes in a cassette. The plate is then developed with
Developer solution (Thermo Fisher), washed with water and stained with Fixer solution
(Thermo Fisher). Images were analyzed with ImageJ program and data were zeutrmafi-

actin.

3.13Enzymelinked immunosorbent assays (ELISA)

In this study three ELISA assay were performed for the quantification of MMPs, PGE2 and
CAMP on supernatants of THpcells.
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1 For MMPs quantification, supernatants were collected fromIdgils and run on a Bio
Plex 200 System (Bi®Rad Laboratories); theesults were calculated using BErbex
Manager 6.0 software (BiBad Laboratories).

1 For PGE2 quantification, supernatants were collected form-1Eefls and the
guantifications were performed using Prostagland E2 Elisarianoclonal (Cayman
Chemical) andthe platewere measuredt the GloMax-Multi Detection System
(Promega)

1 For cAMP quantification, supernatants were collected formI¢edls and quantified
by means of cyclic AMP Elisa kit (Cayman Chemical) and the plate measuredt
the GloMax-Multi Detection System (Promega)

3.14Adenosine triphosphate (ATP) determination

Shsyb5y cells were seeded in 96 well plates and after 24 hours were stimulated for 6 and 72h
with thalidomide (56200 pm). After drug incubatiorells were lysed using 1@0of phosphate

buffer saline (PBS) with 0.02% of TritonX100 (SigrA&drich). Adenosine triphosphate (ATP)

was measured using the ATP determination kit (Invitrogen, Thermo Fisher Scientific) following
manufacturer instruction in 1€] of the lysates and the luminescence was read at the GloMax
Multi Detection System (Promega) and expressed as ATP concentration using the standard
provided by the kit. ATP level was normalized on protein concentrafiamtified with Bradford

assay (Sigra Aldrich).

3.15 Mitochondrial membrane potential and reactive oxygen species
measurement

To study the possible effect of thalidomide treatment on mitochondrial membrane potential
(MMP) and on ROS production, sty5y cells were seeded in 96 well pladesl after 24 hours

cells were stimulated for 6 and 72 h with thalidomide-480 pm). After drug incubations,

MMP and ROS were measured. For MMP;1@robe (Sigmaldrich) was used, loading cells

with probe (10em) for 30 minutes at 37 °C, and then theflescence was read immediately.

JG1 is a cationic carbocyanine dye that accumulates in mitochondria. The dye exists as a
monomer at low concentrations and yields green fluorescence, similar to fluorescein. At higher
concentrations, the dye formsadgregtes that exhibit a broad excitation spectrum and an
emission maximum at ~590 nm. The red/green fluorescence intensity ratio can be used as a

measurement of MMP: a decrement indicates a mitochondrial depolarization, an increment a
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hyperpolarization. The sellts wereexpressed as green (525 nm) to red (590 nm) fluorescence
intensity ratio; normalized on untreated cells

For ROS quantificatiorCellROX Green Reagent (InvitrogefMermo Fisher Scientifich celt
permeant dye, was added to each well at a concentration &sh@lL. After 30 minutes of
incubation, fluorescence was measuaethe GloMaxMulti Detection System (Promegdjhe

dye is weakly fluorescent when in a reduced state and exhibght lgreen photostable
fluorescence upon oxidation, with absorption/emission maxima of 485/52(R@&. levels

were normalized on protein concentratiqonantified with Bradford assay (Sigma Aldrich)

3.16 Intracellular calcium quantification

To evaluateand study an effect of thalidomide on intracellular calcium levels, -#Juo
acetoxymethyl ester, a cglermeant dye (F10472, Thermo Fisher Scientific) was used to test
the effect of this drug on intracellular calcium.-8fby, treated with thalidomide dtfferent
concentration (56400 e M) for 72 hours, were | oaded
37 °C and then the fluorescence was analyzed with Cytation5 (Biotek). Fluorescence was read
by excitation at 485 nm, and emission at 520 nm, measurarg 8\2 s. After 60 s, an automated
dispenser was used to distribute thapsigargin, a-coampetitive inhibitor of the
sarco/endoplasmic reticulum Ca2+ ATPase (SERCA)e(@ 0 ¢ M, T9033; Si g
in each well and followed by continuous fluorescemoitoring. Fluorescence reads were then
normalized on baseline (means of first 20 s readings). Data were reported as maximum

normalized fluorescence after thapsigargin stimulation. Untreated cells were used as control.

3.17 Immunofluorescence imaging aaysis

In order to study the effect of the thalidomide on cell differentiation mechanisms and to evaluate
morphological cellular parameters,-syby were differentiated with dbocAMP for three days,
and simultaneously treated every 24 hour for 3 days Wwaldomide (10€400¢ M, followed

by fixation with 4% paraformaldehyeBS for 20 minutes, then washed, and finally
permeabilized with PBS 0.2% TritonX100 (PB% Blocking was performed in 10% normal
goat serum (NGS) in PBS with 0.2% TritonX100 (PB)S Cells were then incubated overnight

at 4 °C with antb -Tubulin Ill antibody (1:1000, Cell Signaling Technologies) in PB$.5%

NGS. Cells were then incubated for 1 hour with the-@atibit Alexa Fluor 568 secondary
antibody (1:1000, Thermbisher Scientic). A mounting medium containing 40@iamidino

2-phenylindole (DAPI) (Sigma&ldrich) was used to seal the cells. Fluorescent pictures were
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acquired wusing Cytation5 (Biotek). Cellprofiler software was used to analyzed
immunofluorescence images [130].dges stitched from 4 different fields from each well were
subjected to analysis using a custorade pipeline; in brief, DAPI anfal-Tubulin 11l channels

were separated and the first used to define the single objects in each field, followed by
recognition & the same objects im-Tubulin 11l channel.

Secondly, these objects were reduced to lines and the number of branches for each cell were
automatically counted; in abscissa are the
while in ordinate the frequency of each bin, i.e. the number oftwalisig that exact number of

branches divided the frequency of each bin.

3.18 Statistical analysis

Statistical analyses were performed using GraphPad Prism versioR 0005 was considered
statistically significant.

t-test one and twavay ANOVA with posttests were used for the analysis of gene and protein
expression, for ELISA assays, for measurement of intracellular ATP, calcium quantification
analysis, quantification of ROS, MMP and for MTT assay s\gby cells.

For the analysis of correlatidzetween GAS5 and MMPs, and between GAS5 and scores of the
diseaseSpearman test and linear models were uaéidoxon signed rank test (paired test) was

used for gene expression analysis in colon biopsies of IBD patients.
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4.1 | BD patientsd characteristics for

In order to compare the expression leveltheincRNA GAS5 MMP-2 and MMR9 between
inflamed and nofinflamed intestinal tissue25 pediatric patients with IBD were enrolled
diagnosis before starting drug treatment. The baseline characteristics of patients enrolled and

histologic findings of their biopsies asaown in Table 1.

| BD patient6s che

Patients (n) 25
Age (mean, range) 125,6.218
Male (%) 13 (52%)
CD (%) 13 (52%)
UC (%) 12 (48%)
Clinical score:
PCDAI (mean, range) 30.6, 7.555
PUCAI (mean, range) 30.1,1075
Histologic findings: Score (% of patients)
Inflammation score 0 (0%)

1 (4%)

2 (24%)

3 (36%)

4 (28%)

5 (8%)
Architectural score Score (% of patients)

0 (0%)

1 (8%)

2 (28%)

3 (52%)

4 (12%)

Table 1 Characteristics and histologic scores offihgents.

4.1.1. Quantification of MMP-2 and MMP-9 gene expression levels in colon
biopsies of pediatric patients with IBD

Gene expression analysis of MMP2 and MMP9 in colon biopsies of IBD patients, as reported
in Fig. 4.2, clearly confirms that levet$ the two metalloproteinases are significantly higher in
inflamed than in nofinflamed tissues, confirming what has already been reported in the

literature.
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Fig. 4.1.1 Quantification of MMP-2 and MMP-9 expression levels in inflamed (INF) and
non-inflamed (NON-INF) intestinal tissues of IBD patients. MMP2 and MMP9 expression
were calculated with respect to the housekeeping RPLPO gene. Expression reporggdah Lo
MMP-2 and MMR9 relative expression (RE, values are expressed’@s Statistical
analyses with Wilcoxon signed rank test, p = 0.0008 (MMP2), p = 0.0002 (MMP9).

4.1.2. Quantification of MMP-2 and MMP-9 protein expression levels in
colon biopsiesof pediatric patients with IBD

Immunoblotting analysis of the MMP9 and MMP2 proteins was also performed on inflamed

andnortinflamed biopsies of three additional patients (mean age at enrolment 13.8 years, two

UC and one CD, two males and one ferpale
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Figure 4.1.2. MMP2 (74 kDa) and MMP9 (92 kDa) protein expression in colon biopsies of
IBD pediatric patients analyzed by western blotProtein lysates were obtained from
inflamed (INF) and nofinflamed (NONINF) tissues. Betactin (42kDa) was used agernal
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loading control. Representative western blot image of one biopsy reflecting MMP2, MMP9
and actin protein levels. Paired t test * p < 0.05.

An increase in the expression of both proteins in inflamed compared-ioftaamed ones was
observed (Figre 4.1.3.

4.1.3. Quantification of GAS5 gene expression levels in colon biopsies of
pediatric patients with IBD

Gene expression analysis, as shown in Fig. 4.1.3, demonstrates that GAS5 levels are
significantly lower in inflamed than inoninflamed tissues
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Fig. 4.1.3.Quantification of expression levels of GAS5 in inflamed (INF) and non
inflamed intestinal tissues (NONINF) of IBD pediatric patients. GAS5 expression was
calculated with respect to the housekeeping RPLPO gene. Expression reported in Log2 of
GASS relative expression (RE, values are expresseda’. 2
Statistical analyses with paitest *p < 0.05.

The results obtained suggest thia¢ expression of GAS5 may be reduced in the presence of
pro-inflammatory stimuli that are mainly released by macrophages, monocytes and lymphocytes

infiltrated in the inflammation site.

4.1.4 Correlation between GAS5 and inflammation and clinicascores

To analyze the possible effect of GAS5 as biomarker of disease and inflammation, an analysis

of correlation was performed between GASS5 and the inflammation and clinical scores.
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Fig. 4.1.4Correlation between GAS5 expressiong @ T) and the inflammation and
clinical scores.Statistical analyses with Spearman's rank test, inflammation score:
p > 0.05;clinical score: p =0.048.
No significant association was found with the inflammation and architectural parameters,
described in Table 1 (Figure 4.1Hpwever, a significant negative correlation between GAS5

levels and the clinical scores PUCAI and PCDAI has emerged.

4.2 Analysisof gene expression levels in Thf cell line

To analyze the expression of INcRNA GASS5 and of MRMBnd MMR9 in vitro, the human
monocyte Thpil line was treated with different pioflammatory stimuli, in order to study the
effects of theinflammatory response on the expression of the examined genes, known to be
involved in IBD. It is clear that this model is not exhaustive of all aspects of the pathology under
study, but literature data show that they are able to reproduce the inflamptetaotype [131].

4.2.1 Quantification of GAS5, MMP-2 and MMP-9 gene expression levels in
response to LPS and PMA in Thpl

Among the cell types that characterize inflamed intestinal tissuecarsitiering that remodeling

of the ECM and cell surface byMPs is one of the most important function of monocytes and
macrophages, the role of GAS5 in the regulation of MMPs expression was studied in-the Thp
monocyte cell line. In particulain vitro experiments at different stages of differentiation, from
monayte to macrophages, stimulated with a proinflammatory factor (LPS), were conducted
(Fig. 4.2.1).
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Fig. 4.2.1 Quantification of gene expression levels of GAS5, MMPand MMP-9 on
Thp-1 (monocytes) in response to LPS and PMA, used to differentiate maeytes into
macrophages Gene expression were calculated with respect to the housekeeping 18s gene.

Expression reported as relative expression (RE, values are express‘BB‘)a@Eeway

ANOVA: GAS5 p = 0.048; MMPF2: p = 0.0071; MMP9 p<0,0001Bonf er r daasti=6s po
* p<0.05, * * p<0.01, *** p<0.001.

As observed for inflamed colon biopsies of patients, the endogenous levels of GAS5 decrease
in the presence of a pinflammatory stimulus, highlighting how these factors can alter its
expression this phenomenon is particularly evident in macrophages. As regards-MMP
following treatment with LPS, in monocytes we observe a slight unsignificant increase in the
geneds expression. On the other hand, t he
induces a significant increase in MMPlevels which do not tend to increase further in the
presence of LPSor MMP-9, as for MMR2, in monocytes we observe a slight increase in
response to LPS. In macrophages, on the other hand, there is a high wtieagends to not

increase in presence of LPS.

4.2.2 Evaluation of MMP-2 and MMP-9 gene expression in cell transfected
with the pcDNA3.1-GAS5 Plasmid

Following the transient transfectiovith p)cDNA3.2:-GAS5 plasmid and with the vector without
the insert, the efficiency of overexpression of the IncRb&h in monocytes (Thft) and
macrophages (Thp +PMA) was assessed with Real THRER (Fig 4.2.2).
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Figure 4.2.2. Evaluation of GASHevels after transfection with pcDNAGASS5 plasmid in
monocytes (GAS5 _MONO) and macrophages (GAS5_MACROEGASS expression was
normalized using GAPDldene and relative expression (RE) values are expresséfi©as 2

Oneway ANOVA: GAS5 p = 0.0003onferrond s -fest ¥ p < 0.01, *** p < 0.001.

Gene expression levels of MMP and -9 were evaluated irtransfected monocytes and
macrophages stimulated or not with LPS (Fig 4.2.3).
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Figure 4.2.3Levels of MMP-2 and MMP-9 after overexpression of GAS5 (GAS5hi
monocyte stimulated with LPS (LPS) and macrophages stimulated with LPS (PMA +
LPS) and in controls (EMPTY). MMPs expression were normalized using GAPDH gene and
relative expression (RE) values are expressed®ds. Zwo-way ANOVA: EMPTY vs. GAS5
MMP-2p=0.002,MMPO p < 0. 0001 -tBsbnf erroni 6s
*p <0.05, * p<0.01, ** p <0.001.

Data reportedn figure 4.2.3 show a significant downregulation in EftBnulated monocytes

and macrophages compared with tiespective control transfected with the empty vector,
demonstrating the involvement of the INncCRNA in the regulation of gene expression of the two
MMPs.
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4.2.3 Quantification of MMP -2 and MMP-9 proteins released by Thpl cells
overexpressing GAS5

To canfirm the role of GASS5 in regulating the expression of MRIEnd MMR9, their levels
in the supernatant of both LP&mulated monocytes and PMdifferentiated macrophages

overexpressing GAS5 were evaluated by enzilinleed immunosorbent assay (ELISA) test
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Figure 4.2.4 Evaluation of levels of MMP2 and MMP-9 after overexpression of GAS5
(GAS5) in monocyte stimulated with LPS (LPS) and macrophages stimulated with LPS
(PMA + LPS) and controls (EMPTY). Two-way ANOVA: EMPTY vs. GAS5 MMP2
p=0.02, MMROp<00001 Bonf etest*pr 0.Gbs™* pp<0.81t

As reported in Figure 4.2.4, MM® was less expressed in GA8ansfected monocytes with
respect to the control; no difference was detected measuring -MMNB¥els. GAS5
overexpression significantly dowegulated both MMP proteins in macrophages stimulated with
LPS compared to the cells transfected with the empty vector, supporting the role of GAS5 in

modulating their expression.

4.3 Role of GAS5 on modulationof NF@e B a c t i wIP asgay redRIN A

The potential role of GASS5 in the modulation of NFB act i vity wA#tes al s
electrophoretic mobility shift assay (EMSA) results previously obtained in collaboration with
prof Pavliovicd team, which highdkBDRNAbe&d an e
activity, the potential interactionetween the INCcRNA andthe \FB s ubuni t aP65,

RNA-IP experiment on Hela cells was studied.
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Fig 4.3RNA -IP experiment.The proteinmRNA immunecomplex with either antiP65 or
the controlantilgG complexes were processed for immunoblotting and for Real-PiGfe.

First lane in the blot corresponding to total lysate (IMPUT) was not subjected to
immunoprecipitation. Actin was used as control for IP specificity. The relative enrichment,
repored in the graph, was calculated by the ratio between IP mRNA levels and IMPUT
MRNA, and normalized to negative control (agi). Data was from one representative

experiment.

The result reported in figure 4.3 shows tieg immunoprecipitation of P65 wabtained, and

the 1gG background control (IgG) showed lack of immunoprecipitation, confirming IP
specificity. The Real TimePCR result clearly shows that GAS5 is bound to PBie
housekeeping gene GAPDH was used to confirm the specific enrichmentagskthe
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5. DISCUSSION
- part 1



In IBD pediatric patients, genetic and environmental factors are responsible for the alteration in
epithelial barrier; the activity gdro-inflammatory elements released from macrophages, T cells,
and innate lymphoid cells is also important [132ZMPs have a key role in this context
addition to play a central role in ECM turnover, they activate or degrade a variety of other
substrate including chemokines, cytokines, growth agents, and junctional proteins [133].
Several studies have shown that MiRnd MMR9 are highly expressed in inflamed colonic
mucosa, serum, urine, and fecal samples of IBD patients384 However, the moledar
mechanism by which the levels of these two enzymes can be modulated during the inflammatory
process still remains uncledRecently, it has been suggested that IncRNAs may play an
important role in the pathophysiology of IBD, and many researches lerefdre covered this

topic. Forty-seven IncRNAs dysregulated in IBD have been identified, and it has been suggested
that they might hold a crucial role in the regulation of inflammatory pathwaysTBE] part of

the thesis project is focused on the gtofl the role of the INcRNA GASS in the regulation of
MMP-2 and the MMPR. In particular, the expression of GAS5, MMP and MMR9 were
evaluated in intestinal biopsies of 25 pediatric patients with CD and rd€,in drug
treatmentThe results show thahé expression of the INcCRNA GASS in patients with IBD is
lower in inflamed tissues compared to the adjacent normal part, while the expression levels of
MMP2 and MMR9 increase in inflamed biopsies [137]. The results obtained in this cohort of
patients confm what has already been reported in the literature in patients with IBD [26, 138].
The role of MMR2 in IBD seems to be related to the infiltration process of leukocytes in the
inflamed tissue and with the maintenance of the epithelial barrier funatiole, MMP-9 has

been associated with an enhanced inflammation because of the activation of growth factors and
pro-inflammatory cytokines [139].

As reported in the literature, GAS5 seems to play a role in various inflammatory and
autoimmune diseases in whisignificantly reduced GAS5 levels in immune cells were shown
[140]. Previous reports have already shown that GAS5 is involved in the regulation of thestwo
MMPs, indeed Chen et &lave shown that the expression of MiMRnd MMR9 were inversely
correlatel with the levels of the INcRNA GAS5 in melanoma cells [{Dyerexpression of
GASS reduced the levels tife proteins, whereas the knockdown increased their expression
[70]. The potential role of GAS5 in the regulation of MMPs was described also in [Bihgsa

[136]. Interestingly, data obtained from this cohort of patients highlighted a lack of correlation
between GASS5 and inflammation and architectural parameters, wharegatave correlation
between GASS levels and the clinical scores PUCAI and PQ&&lobserved. Clinical scores

were significantly higher in patients with active disease while a score of <10 is consistent with
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inactive disease [28]. Inflammation and architectural parameters of biopsies and clinical indexes
are not always perfectly calated because some symptoms are not related only to the mucosal
inflammation, as previously described [141]. Therefore, GAS5 levels could be a specific
molecular marker useful to better predict disease activity and stratify the severity of the disease.
Significant correlations between two other INncRNAs in biopsies of CD patients, LINC01272
and HNF4AAS1, and more severe mucosal injury have been already found, but no correlation
with clinical disease activities has baeported [142].

Considering that theemodeling of the ECM and cell surface by MMPs is one of the most
important function of monocytes and macrophages, to investigate the role of GAS5 in the
regulation of MMP expression, the Tipmonocyte cell line was used. In particularyitro
experiments at different stages of differentiation of cells, from monocyte to macrophages,
stimulated with LPS were conducted. The results confirmed the trend observed in patients. The
stimulation with LPS induced a down regulation of GAS5 in both moes@d macrophages,
while an increase of MMPs was observed. This data highlight that, in response to immune
activation, GAS5 is transcriptionally repressed but the mechanism involved needs to be further
investigated. Moreover, GAS5 seems to have a protedaile during the induction of
inflammation: its upregulation repressed the MMPs, acting as ann#athmatory agent.
Actually, only one paper describing GAS5 expression after-inbBGced inflammation was
published: the authors found that GAS5 was degulated in ATDC5 chondrocyte cells and

its overexpression alleviated LR&luced injury [143]. Moreover, the expression levels of
TNF-U interleukin (IL}1b, IL-6, and 1l-8 were all significantly lowered by GAS5
overexpressionThe mechanism proposed Hyetauthors is that GAS5 could modulate LPS
induced inflammatory damage through regulation ofgfeltlike factor 2 (KLF2) expression

and inhibition of NFaB pathway [144].

The effects of GAS®verexpression on the production of MMPs in response to LRSS of

gene and protein expression were also studied. Overexpression of GAS5 in monocytes and
macrophages stimulated with LPS led to a reduction of MMPs at RNA and protein level,
supporting the role of GASS5 in modulating their expression, probably atiseriptional level.

It would be interesting to evaluate in our cellular model whether the reduced expression of GAS5
could induce an increase of MMPand MMR9 expression, as already reported in otedlis

[70].

The function of most INcRNAs depends their ability to interact with functional domains of
signaling proteins and thus regulate signal transduction. miRNAs and IncRNAs contain modular
domains through which they directly interact with -NB signaling proteins thus regulating

inflammatory respnse [72]. NFeB is a central mediator of pfiaflammatory gene induction
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and functions in both innate and adaptive immune cells, regulating the immune system and
inflammatory processes; moreover, it is a known regulator of genes responsible for ECM
remodding in the digestive tract [75]. NBB has been implicated in the pathogenesis of a
number of inflammatory diseases including IBD [78] and polymorphisms and mutations in
NFTFB1 gene have been associated with dBD |
GASS5 was involved in the regulation of NIB [82-84]. But to date, it is unknown if GAS5 has

an impact on NFeB DNA biding. In previous experiments performed in collaboration with the
University of Belgradethe effect of overexpressed GAS5 on-BIB iatyin Hela cells was
analysed through an EMSA assay.

The effect of overexpression of GAS5 on-NIE activity suggested thaétis INcCRNA increased

the binding of NFe B t o D N A-dependerd fashionmiéese results suggest that GAS5
couldhavearolmNFe B signalling pathway, stimulating
activity, an effect induced by various intra and extra cellular stimuli including cytokines like
TNF-U Indeedthe RNAIP result highlighted the ability of GAS5 to bind NFB s reported

in literature for other INncRNA. Liet al. described that the INncRNA NKILA (N8B interacting

IncRNA) binding to NFeB, inhibits the activation of the N8B signaling pathway by masking

to | KK the phosphoryl at ipprassiani80]ensteatl, the acBRNA e c e
MALAT1 largely located in the nucleus, is directly associated with p65, preventing the p65/p50
heterodimer binding to the target promoters [81].

This data will be substantiated in other RNA experiments, alsareating HelLa cells

overexpressing GAS5 with GC or a gridlammatory stimulus, as TNB,
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-part 2



6.1 Patientsodo characteristics for t ha

Ten IBD pediatric patientsr{(ean age ae¢nrolment 13.1 years, 6 CD, 6 malesfractory to
previous pharmacological therapeasd with active disease were enrolled for this stBdyore

starting thalidomide treatment, patients had already undergone other therapeutic attempts with
conventional medications for the treatment of IBD. These were found to be unable to induce
remission or to maintain it in the long term. The efficacyhaiidomide was assessed after 3
months of treatmen®atients in whom the treatment led to an improvement, evidenced by a
reduction of at least 10 points in the PCDAI or the PUCAI scores at the end ohtbet8s

cycle were defined sensitive (PS). Paseimt whom the 3nonth course of thalidomide could

not control disease, which remained active on the basis of clinical scores, were defined as

resistant and therefore were not included in the study.

6.2 RNA-sequencing

RNA extracted from the PBMCs d0 patients, isolated from whole blood before (PRE) and
after 3 months of treatment (POST) with thalidomideas sent to the Institute of applied
genomics (IGA) in Udine for the preparation of the libraries and the sequencing of the
transcriptome (RNAseq). Tke analysis of the transcriptome, performed on an lllumina platform,
made it possible to identify the expression profiles of the mRNAs for each patietmto
experimental times. The comparison between the expression profiles of tieeptraent and the
respective préreatment samples allowed to highlight the variations in terms of gene expression

associated with the treatment (Figure 4.4.1).
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Figure 4.4.1 Heatmap obtained from the count of the mRNA reads differentially expressed in
each patient, befoe (PRE) and after treatment (POST) with thalidomide.
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In particular, the RNAseq analysis identified 251 differentially expressed genes, of which 76 were

downregulated and 175 up regulated following thalidomide treatment (Table 2).

GENES UPREGULATED ‘ GENES DOWN REGULATED
GENE ID FC FDR GENE ID FC FDR
p-value p-value
CLC 8.850 0 HAPLN3 -7.2 0
SLC28A3 6.890 0 Cliorfo9s -6.5 4.78E12
CLEC5A 3.354 2.99E12 | DUSP8 -5.8 8.96E12
IGFBP2 19.883 3.35E09 | ADAMTS2 -108.0 3.93E11
TMEMG63C 3.945 5.20E09 | CELSR2 -82.2 3.73E10
ALDH2 2.539 1.49808 | MPP2 -8.0 3.28E06
CMKLR1 3.733 1.98E08 | SH3PXD2B -4.2 7.63E06
ZNF692 2.715 2.33608 | SLC38Al11 -2.9 1.92E05
SIGLECS8 23.116 4.92E08 | TK2 2.2 2.20E05
RXFP2 3.446 9.61E08 | SH3RF3 -3.1 2.80E05
GATA2 3.249 9.61E08 | KCNH3 -3.1 3.61E05
LAMB2 4.004 2.40e07 | ADAMTS17 -3.0 4.70E05
PRRG1 5.035 1.0906 | PMEPAL -2.8 6.91E05
DSC2 3.100 1.81E06 | ZDHHC23 -2.4 7.31E05
UNC13B 3.657 2.17E06 | GNG7 -2.2 7.38E05
ZNF366 3.363 2.17E06 | BEAN1 -3.3 9.59E05
HP 3.062 2.84E06 | Cl170rf107 -20.9 1.38E04
CHI3L1 6.237 3.13606 | EBF1 -2.5 1.79£04
HDC 2.961 4.18606 | COBLL1 -2.4 1.98£04
HOPX 3.381 4. 70606 | NRCAM -3.2 2.04E04
CPA3 4.109 6.19E06 | HIP1R 2.1 4.40E04
SIGLEC1 2.644 7.39E06 | INHBA -5.9 5.02E04
HRH4 3.477 8.35E06 | ABHD6 -2.6 5.17E04
SPTSSB 4.311 1.21E05 | PTPRS -2.8 5.39E04
AKAP12 3.416 1.53E05 | SEMA3F -7.8 8.63E04
CD209 3.730 1.89E05 | CAMK2A -17.6 1.18E03
LDB2 3.439 2.04E05 | MSR1 -2.5 1.30E03
NCAM1 2.863 2.27E05 | C7orf55 LUC7L2 -17.1 1.34E03
CES1 2.638 2.27E05 | RPS6KL1 -3.0 1.38E03
CACNG6 5.954 3.24E05 | TNFRSF13C 2.4 2.03E03
PRSS33 10.534 3.39E05 | LARGE -2.3 2.25E03
Clorfl1s 3.035 3.39E05 | ACAN -9.9 2.42E03
STEAP3 2.598 3.67E05 | NETO1 -3.2 2.42E03
RBMS2 2.089 3.71E05 | LZTS3 -2.4 2.55E03
PRSS23 3.480 3.94E05 | SLC22A23 -2.3 3.17E03
TRIM71 4.467 6.91E05 | MRAS -2.8 3.34E03
CLIC2 2.620 6.95E05 | FBLN2 -2.9 4.76E03
TPBG 9.113 7.31E05 | BAIAP3 -2.4 5.26E03
JPH4 3.960 7.84E05 | SDC2 -4.7 5.47E03
CD36 3.100 7.84E05 | EML6 21 6.58E03
PPFIA4 2.870 8.38E05 | FMO5 -58.7 6.97E03
ASB9 5.915 9.59E05 | FN1 -2.5 7.58E03
RAB7B 6.243 1.10804 | NBL1 -3.1 7.97£03
SLCO4C1 2.014 1.29E04 | LOC101927509 -4.7 8.49E03
PTGERS3 3.554 1.32E04 | SDK2 2.1 8.49E03
CLEC10A 3.132 1.80E04 | RBM11 -2.4 8.61E03
CYSLTR2 2.667 2.60E04 | PLEKHG1 2.1 8.92E03
KIR2DL4 4.392 2.78E04 | LOC107983947 -49.7 9.13E03
STON2 2.761 2.81E£04 | DIRAS1 -2.9 9.34E03
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CCR3 2.760 3.00E04 | UGT8 -3.0 0.012
COLGALT2 3.003 3.14E04 | ITGA3 -2.9 0.012
UGT2B11 3.498 3.83E04 | ARSI -11.4 0.014
GABRE 11.043 4.09E04 | EPB41L5 2.1 0.015
NRG1 2.735 4.09804 | PEGI10 -2.5 0.015
FCER1A 2.688 4.09E04 | PLD5 -4.6 0.015
MARCO 2.655 4.09E04 | SYNGR3 -3.1 0.015
DTHD1 3.021 4.32E04 | COL4A3 -2.0 0.017
EOMES 2771 4.66E04 | FGF9 -4.2 0.017
MARVELD1 2.670 5.02E04 | TMEM119 -3.6 0.018
RETN 3.793 5.14E04 | KIRREL2 -5.7 0.020
FAT4 3.607 5.35E04 | NAV3 -7.3 0.020
ZMAT4 3.148 6.29E04 | SEC14L2 2.1 0.020
KLRF1 2.514 6.32E04 | L1CAM -5.3 0.021
FADS2 2.425 6.32E04 | SH3BP4 -2.0 0.021
FXYD6-FXYD2 3.209 6.42E04 | PALD1 -2.6 0.024
CDK15 10.183 6.49E04 | CXCL16 2.1 0.028
PVR 2.080 6.76E04 | CHD7 -2.0 0.029
TDRD6 2.975 6.96E04 | DENND2C -2.9 0.030
CD163 2.209 8.58E04 | LOC105379752 -9.9 0.030
CPM 2.006 8.69E04 | MYL9 -2.3 0.032
GZMA 2.562 1.08E03 | LGMN -2.2 0.033
VIT 5.415 1.10E03 | PHLDB1 -3.5 0.037
MMP14 2.498 1.14E03 | SLC35D3 -9.9 0.041
KCTD15 2.242 1.28E03 | LRFN3 -3.6 0.045
KLRC1 2.594 1.40E03 | SGCE -4.0 0.047
CABP1 6.277 1.53E03 | RGPD5 -2.4 0.049
KLRD1 2.597 1.62E03
VSIG10 2.916 1.67E03
OLIG1 2.415 1.82E03
RGS9 2.443 1.83E03
IL5SRA 3.240 1.89E03
HFE 2.203 2.11E03
HECW2 3.020 2.42E03
GLP1R 3.756 2.45E03
TFEC 2.091 2.45E03
EGR1 3.106 2.82E03
DLEU7 2.211 2.88E03
RAB44 2.070 3.14E03
B3GNT3 5.294 3.43E03
WDRA49 2.594 3.43E03
PRSS41 5.838 3.54E03
SERPINH1 2771 3.87E03
KLRC3 2.210 3.87E03
CYP2S1 2.331 4.06E03
ADRB2 2.306 4.06E03
PGA3 9.735 4.32E03
DBNDD2 2.043 4.37E03
GZMB 2.350 4.45E03
PTGFR 4.380 4.58E03
HSPA1A 2.187 4.76E03
HOXB3 2.311 5.33E03
HNMT 2.074 5.33E03
PTGDR2 3.453 5.35E03
GPBARL1 2.149 5.41E03
LGI2 2.936 5.60E03
CX3CR1 3.180 6.80E03
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