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SUMMARY

BACKGROUND

The autoinflammatory diseases are disorders claraetl by recurrent
inflammatory episodes in charge of different orgaiiere is no apparent
involvement of autoantibodies nor of antigen-specil lymphocytes, but
dysregulation of the innate immune response.

The Blau syndrome (BS) is a rare autosomal domiaatdginflammatory disease
clinically characterized by symmetrical arthritgranulomatous dermatitis and
recurrent uveitis. The disease is caused by simgl@ations inCARD15/NOD2
encoding the NOD2 protein that is known to regul#te defense against
pathogens by activating the NdB- signalling pathway.

In this thesis, functional analysis was carriedanted at characterizing p.E383K
mutation found in one Italian family affected byaBlsyndrome. After thie vitro
study of mutant NOD2, we investigated the actiafyNF-«<B and the production
of pro-inflammatory cytokines botkx vivoandin vitro.

In the second part of this thesis, we assesseetail dhoth the signalling pathways
known to be involved in inflammation and a wide ganof inflammatory
mediators (pro-inflammatory cytokines and chemo&jne@ a cohort of patients
affected by different hereditary autoinflammatorigedises such as FMF and
TRAPS or complex diseases like Behcet and AdulteD8sll's disease. The aim
of this studies was to increase the molecular kedge of these disorders in order
to identify possible predictive or diagnostic biakexrs for each disease and to
develop future preventive and therapeutic strategie

MATERIALS AND METHODS

For ex vivofunctional analysis on Blau syndrome, periphedalbbtd monocyte
cells (PBMC) were collected from 2 Italian patientsrying p.E383K mutation.
For the evaluation of NkB, PBMC were lysed and analyzed by Reverse Phase
Protein Array (RPPA); while for the production ofechators of inflammation
(IL1B, IL6, IL8, TNFu, IFNy, IL12, IL17, IL22, IL23), PBMC were cultured for 7
hours in presence or absence of lipopolysacchatiB& [100ng/ml] and
muramildipeptide MDP [10g/ml] and cytokines were quantified by ELISA and
antibody microarray techniques.

For the functional analysis vitro on Blau syndrome, the starting point was the
creation of 3 constructs containing cDNA of huma@D® wild-typeand mutated
p.E383K and p.R334W. These plasmids were stablysteated into HEK293
cells, cultured for 7 and 24 hours in the preseasrcabsence of MDP [1@/ml].
The activity of NFkB was firstly determined indirectly by evaluatinget
expression of IKB and phosphorylated form in p.E383K cellular lysatey
Western blotting. RPPA also assessed NMB- activity by analysis of the



expression pathway components compared to N@Df2type IL8 was assayed
in the supernatants through antibody microarralgriepie.

In the second part of the study, serum and PBM@wellected from 40 patients
with autoinflammatory diseases and 27 healthy ctsitiThe PBMC were lysed
and prepared for RPPA analysis of the major compsnef the NF<B,
PI3K/Akt, MAPK, JAK/STAT/c-Src and inflammasome (NLR1) signalling
pathways. From the serum, mediators of inflammaticdp, IL6, IL8, TNFa,
IFNy, 1IL12, IL17, IL22, IL23) were assessed by antibodigroarrays.

RESULTS

Confocal microscopy revealed that p.E383K NOD?2 desiin cytoplasm of
transfected HEK293 cells, as well agld-type and p.R334W NOD2. The
expression of p.E383K NOD2, assessed by Westettirlgg do not present any
variations after MDP stimulation. As regards thalgsis of the NFR<B pathway,

in vitro studies show an inactivation of this pathway inkK2B3 cells presenting
p.E383K NOD2, while the pathway components are guydeged ex vivo in
comparison with healthy controls. Both vitro RPPA and indirect Western
blotting analysis of total lysates from p.E383K ND@Dansfected cells present
lower expression of phospho IkBhan IKBua in presence or absence of MDP
stimulation. No increase expression for other conepds of the pathway, such as
phospho NFR¢B and IKKoa/B, was then detected, even in nuclear extracts.
Concerning cytokines in Blau syndrome, bmtlvitro andex vivostudies have not
identified a significant increase secretion of madt the pro-inflammatory
cytokines analyzed. The dosage of I8 vitro presents low level of the
chemokine in cells expressing p.E383K NOD2. The vivo results of
supernatants at basal level reflect the serum teedal the same cytokines
analyzed. Furthermore, IL17, IL22 and IL23 releashigher in patients than in
controls, while IL12 is reduced in patients. Thegance of the stimulus (LPS,
MDP or both) does not lead to significant increasethe levels of ILB, IL6,
IL8, TNFa and IFN in patients compared to controls.

The search for biomarkers in autoinflammatory diesapatients shows an up-
regulation of several pro-inflammatory componeritthe studied pathway, when
compared to healthy subjects. In Behcget diseasexBYFPI3K/Akt, Erk1/2
MAPK pathways are statistically up-regulated, wiasrén patients with Adult
Onset Still's disease all analyzed pathways aptmede activated more than in
controls. In TRAPS patients, many of the componesftdNF«B, PI3K/Akt,
Erk1/2 and SAPK MAPK, and JAK/STAT pathways areragulated, while for
FMF patients inflammasome and Erk1l/2 and SAPK MAP#&thways result
activated. In Blau syndrome components of thedBFp38 MAPK and PI3K/Akt
pathways are up-regulated. Cytokine analysis irfeiht autoinflammatory
diseases suggests a higher release of IL8, ILZ23 Hnd IL17 in all the analyzed
diseases. Furthermore, all other cytokines siggnifily raised in patients affected
by Adult Onset Still's disease. The release of @MRd IFN in TRAPS patients



Is increased. In FMF patients, IB1IL6, IL8 and IFN levels result higher than in
controls.

CONCLUSION

This is the first time that the mutation p.E383K@ARD15/NOD?2associated
with Blau syndrome has been functionally evaluat€de contrasting results
presented by oun vitro andex vivodata on NFR¢B pathway may indicate that the
activation do not depend only on NOD2 in carrieh®.&383K mutation. Further
experiments need to be done to clarify these i®su#ing also differenn vitro
models. Regarding thex vivoandin vitro studies on cytokines levels, it seems
that there is not a primary mediation of f.land other pro-inflammatory
cytokines in Blau syndrome patients carrying p.B38®ith the exception of
IL17/22/23 whose role has to be deeply investigated

This work therefore offers an insight into the noolar pathophysiology of these
autoinflammatory disease. Analyses with statisticeddels of the signalling
molecules presenting significant raised levels tdirequired to generate specific
diagnostic algorithms and to identify valuable barkers to be used as targets for
specific therapeutic intervention. The cytokine fjpgs observed may help to
distinguish different autoinflammatory diseasesemms of numbers of cytokines
raised. Moreover, Thl7-related cytokines (IL17/22/3ignificantly raised across
all diseases, suggest an important role for Thllls da autoinflammatory
diseases. Targeting Th17 cells and their relateédkayes may be an effective
therapeutic approach for autoinflammatory diseasésgture






SOMMARIO

SCOPO DEL LAVORO

Le malattie autoinfiammatorie sono patologie caratzate da episodi
inflammatori recidivanti a carico di differenti agi. In esse non vi € apparente
coinvolgimento di autoanticorpi né di linfociti Tntigene specifici, ma
disregolazione della risposta immunitaria innata.

La Sindrome di Blau (BS) e una rara malattia adigmnmatoria autosomica
dominante caratterizzata dal punto di vista clirdecartrite simmetrica, dermatite
granulomatosa e uveite ricorrente. La malattiausata da singole mutazioni nel
gene CARD15/NOD2 codificante la proteina NOD2 che €& nota regoldre
pathway di difesa da patogeni attivando la viasgéginale NFeB.

In questo studio é stata effettuata dapprima uria deanalisi funzionali volte a
caratterizzare la mutazione p.E383K ritrovata ifunica famiglia italiana affetta
da sindrome di Blau. Dopo lo studio vitro della proteina NOD2 mutata, si €
voluta approfondire l'attivita di NkB e la secrezione di citochine pro-
inflammatorie siax vivochein vitro.

Nella seconda parte della tesi,sono volute studiare nel dettaglio sia le vie de
segnale note essere implicate nell'inflammazioiae,iis ampio range di mediatori
dell'infiammazione (citochine pro-inflammatorie keeochine) in una coorte di
soggetti affetti da differenti malattie autoinfiaratarie sia ereditarie quali FMF e
TRAPS, sia complesse quali Behcet e morbo di 8éll'adulto. Lo scopo era
approfondire le conoscenze molecolari di tali pag@ per identificare possibili
biomarcatori predittivi o diagnostici per ciascumalattia e sviluppare in futuro
strategie terapeutiche mirate e preventive.

MATERIALI E METODI

Per l'analisi funzionala vitro sulla sindrome di Blau, punto di partenza é stato
produzione di 3 costrutti contenenti cDNA umandN@D2 wild-type e mutato
p.E383K e p.R334W. Questi costrutti sono statifétsati stabilmente in cellule
HEK293, poste poi in coltura per 7 e 24 ore in s 0 assenza di
muramildipeptide MDP [10g/ml]. L'attivita di NF«B e stata determinata
dapprima indirettamente valutando I'espression&Bio e forma fosforilata nelle
cellule mutagenizzate p.E383K mediante Westerrtibtptdei lisati cellulari. In
seguito mediante Reverse Phase Protein Array (RP@A¥tata valutata
l'espressione dei componenti del pathway rispettdCGD2 wild-type E stata
inoltre dosata I'lL8 nei surnatanti delle coltureediante tecnica antibody
microarray.

Per I'analisi funzionalex vivorelativa alla sindrome di Blau, sono stati analizza
2 soggetti italiani affetti e portatori della muit@ze p.E383K, da cui sono state
estratte le cellule monocitarie del sangue peae(PBMC). Per la valutazione
dell'attivita NF«B, i PBMC sono stati lisati e analizzati medianteHA. Per la



produzione di citochine (IL3, IL6, IL8, TNFu, IFNy, IL12, IL17, IL22, IL23) i
PBMC sono stati invece posti in coltura per 7 or@liesenza o assenza di agenti
di stimolo quali lipopolisaccaride LPS [100ng/ml]de muramildipeptide MDP
[10ug/ml] e le citochine sono state dosate medianteicacELISA e antibody
microarray.

Nella seconda parte dello studio, sono stati gresisame 40 pazienti affetti da
malattie autoinflammatorie (Behcet, Still nell'auyl FMF, TRAPS e Blau in
particolare) e 27 controlli sani, dai quali sonatistraccolti siero e PBMC.
Quest'ultimi sono stati lisati e preparati per dlies1 RPPA dei maggiori
componenti delle vie del segnale NB; PI3K/Akt, MAPK, JAK/STAT/c-Src e
inflammasoma (NALP1). Dal siero sono state dodai@,lIL6, IL8, TNFa, IFNy,
IL12, IL17, 1L22, IL23 mediante antibody microartay

RISULTATI

La microscopia confocale ha evidenziato una proiatm@resenza di p.E383K
NOD2 nel citoplasma delle cellule HEK293 trasfettatosi come per NOD2
wild-typee mutato p.R334W. L'espressione di p.E383K NODRjtata mediante
Western blotting, non presenta variazioni in segaitstimolazione con MDP per
7 0 24 ore. Per quanto concerne l'analisi del payhWF«B, lo studioin vitro
presenta una mancata attivazione nelle cellule HBK@resentanti p.E383K
NOD2, mentre il pathway risulta upregola® vivorispetto ai controlli saniln
vitro infatti si nota un'inferiore espressione di IKRsforilato rispetto a IKBa in
presenza o assenza di stimolazione MDP, sia raikanndiretta con Western
blotting sia mediante RPPA dei lisati totali ddHEK293 trasfettate con p.E383K
NOD2. Non é stato rilevato poi alcun incremento edipressione per altri
componenti del pathway, quali la forma fosforilata NF«B, IKKo/B, anche
nell'estratto nucleare. Sia lo studio vitro che quelloex vivo non hanno
identificato un incremento significativo, sia adilo basale che in seguito a
stimolazione, di secrezione della maggior partéedgtochine pro-infammatorie
analizzate. Il dosaggio di ILi® vitro presenta bassi livelli citochinici nelle cellule
esprimenti p.E383K NOD?2. | risultati bas&k vivoda surnatante rispecchiano
guanto osservato da siero per le medesime cito@makzzate. Inoltre si e notato
un rilascio di IL17, IL22 e IL23 maggiore nei pazie unitamente ad un minor
rilascio di IL12, rispetto ai controlli. La presenai stimolo (LPS; MDP o
entrambi) non ha portato a incrementi significatiei livelli di IL1B, IL6, IL8,
TNFa e IFNy nei pazienti rispetto ai controlli.

La ricerca di biomarcatori nei pazienti affetti delattie autoinfammatorie ha
evidenziato una up-regolazione di molti compongrninflammatori dei pathwy
studiati, quando comparati a soggetti sani. Nellalattia di Behcet, le vie
metaboliche NReB, PI3K/Akt, Erk1/2 MAPK sono risultate statisticante up-
regolate, mentre nei pazienti affetti da Still @elulto tutti i pathway analizzati
risultano essere maggiormente attivati rispettooaitrolli. Nei pazienti TRAPS,
presentano livelli aumentati molti dei componera pathway NFR<B, PI3K/Akt,



Erkl/2 e SAPK MAPK, e JAK/STAT, mentre per i pazieRMF si nota
I'attivazione del pathway legato all'inflammasomaliequello Erk1/2 e SAPK
MAPK. Nella sindome di Blau sono invece risultapiregolati componenti dei
pathway NF«B, PI3K/Akt e p38 MAPK.

Dall'analisi citochinica nelle differenti malatteutoinfiammatorie si evince un
maggior rilascio di IL18, IL22, IL23 e IL17 in tettle patologie analizzate. Inoltre
si & notato un incremento significativo dei livedli TNFo e IFNy nei pazienti
TRAPS, di IL1, IL6 e IFNy nei pazienti FMF e di tutte le citochine in aniatisi
pazienti affetti da Still dell'adulto.

DISCUSSIONE

Questa € la prima volta che viene studiata a tvélinzionale la mutazione
p.E383K nel geneCARD15/NOD2associato alla sindrome di Blau. Per quanto
riguarda il pathway NFRB, i risultati contrastanti ottenutn vitro ed ex vivq
possono indicare come l'attivazione non sia regataiamente da NOD2 per i
portatori della mutazione p.E383K. Ulteriori esp@enti saranno necessari per
chiarire questi risultati, utilizzando anche di#feti modelli cellulariin vitro. |
risultati ex vivo e in vitro relativi al dosaggio citochinico non sembrano
evidenziare un coinvolgimento primario di [Lle delle altre citochine
proinflammatorie nella patogenesi della sindrome Blau,ad eccezione di
IL17/22/23, il cui ruolo dovra essere studiato gpprofonditamente.

Questo lavoro di tesi offre inoltre una panorande#ia patofisiologia molecolare
di differenti malattie autoinflammatorie. Un'analeggprofondita dei componenti
dei pathway individuati con elevati livelli di egsione rispetto ai controlli sani
sara necessaria per identificare validi biomarcatarpoter utilizzare come target
terapeutici. | profili citochinici ottenuti possorssere d'aiuto nel discriminare le
differenti patologie sulla base di quali citochipeesentino dosaggi maggiori
rispetto ai controlli. Inoltre, IL17 1L22 e IL23 esentano livelli
significativamente piu elevati in tutte le malattalizzate, suggerendo un
importante ruolo nelle autoinflammatorie per leldel Thl7 secernenti tali
citochine. Utilizzare le cellule Th17 e le citockiad esse associate come target
terapeutico potrebbe essere in futuro un nuovooagpp nella cura delle malattie
autoinfiammatorie.






General Introduction

GENERAL INTRODUCTION

1 General overview on autoinflammatory diseases

The autoinflammatory diseases are characterizedsésmingly unprovoked,
recurrent episodes of fever, serositis, arthraisgd cutaneous inflammation, but
the usual hallmarks of autoimmunity, namely higk#ti autoantibodies and
antigen-specific T cells, are usually absent [1]e T&rm autoinflammatory was
coined to draw the distinction between this categufrillnesses and the more
classically recognized autoimmune diseases, such sgstemic lupus
erythematosus and rheumatoid arthritis, in whick thallmarks of adaptive
Immunity are more evident [2]. The formal recogmitiand genetic understanding
of autoinflammatory diseases have defined some amesims of self-direct
inflammation independent to the adaptive immuniych a definition would
encompass autoinfammatory mechanisms across aingont model of
immunology (a spectrum from autoimmune to automfiaation) [3].

Although this concept originally applied to monomgehnereditary recurrent fevers,
it has expanded over time to include polygenic (gl@x) autoinflammatory
diseases. Dinarello proposed the division in ctastiseases, probable and
municipalities on the basis of sensitivity to inkidn of IL1 [4]. With the
recognition that these inflammatory diseases withballmarks of adaptive
immunity were in fact disorders of the innate immusystem, Masters and
colleagues proposed a new schema based upon underigplecular mechanisms
[1]. Since the association between the autoinflatorgadiseases and the innate
immune system has strengthened, the "autoinflammnadsease” definition
should be reassessed to include all clinical des@rdnarked by abnormally
increased inflammation, mediated predominantly ly ihnate immune system,
with a significant host predisposition [5]. Althdugthese mechanistic
classifications present some limits, such as tlsem@t®e of naturalness and both
clinic and inflammatory relevance, they are the tmoemmonly used to
discriminate the different forms of autoinflammatadiseases. Very recently,
Grateau and colleagues proposed another, moreailyzoriented, definition of
autoinflammatory diseases as diseases with clinggghs of inflammation,
associated with elevated levels of acute-phasdami@c which are attributable to
dysfunction of the innate immune system, genetiedditermined or triggered by
an endogenous factor. From this foundation, aadity-based multidimensional
classification of autoinflammatory diseases wasdesd [6]

A few clinical common features have been identifietween all the inherited
autoinflammatory diseases, such as the recurreatenaf inflammatory episodes,
the presence of fever, and the frequent involvenoérakin, serous membranes,



eyes, joints, lymph nodes, gastrointestinal track] nervous system. Each of
these syndromes may have a more or less seveaemghtory manifestations [7].
Understanding of the pathogenesis of autoinflamrgattiseases has grown
rapidly in the past decade owing to advances ig@nresearch and technology.
An updated classification scheme is based on tmeegad molecular insights,
supplanting the uncompleted clinical classificatitiip activation disorders, NF-
kB activation syndromes, protein misfolding disosjecomplement regulatory
diseases, disturbance in cytokine signalling, an@crophage activation

syndromes [1].

Disease Gene Inheritance Clinical features Ref
(Protein)
Familial autoinflammatory disorders
Familial MEFV (pyrin) Autosomal Periodic fevers (lasting 3—7 8,9
Mediterranean Fever recessive days), serositis, arthritis
(FMF)
Tumor Necrosis TNFRSF1A Autosomal Periodic fevers(lasting 1-6 2
Factor-associated (TNF receptor dominant weeks), serositis, rash,
periodic syndrome 1) episcleritis
(TRAPS)
Mevalonate kinase MVK Autosomal Periodic fevers (lasting 3-7 10,11
deficiency (MKD) (mevalonate recessive days), non-destructive
kinase) arthritis, lymphoadenopathy,
vasculitic skin lesion
Cryopyrin-associated  NLRP3 Autosomal Cold-induced inflammation, 12,13
periodic syndromes (NLRP3) dominant fevers, sterile meningitis,
(CAPS): bone lesions
FCAS, MWS and
NOMID
NALP12 associated NLRP12 Autosomal similar to CAPS 14
Periodic syndrome (NLRP12) dominant
Blau syndrome (BS) CARD15/NOD2 Autosomal Granulomatous dermatitis, 15,
(NOD2) dominant uveitis, arthritis 16
Complex disorders
Schnitzler syndroOme  Sporadic - urticaria, intermittent 17
fever,arthritis
Still disease Complex - fever with unknown etiology, 18
rash, arthritis, and
involvement of several organ
systems
Behget disease Complex - oral and genital 19
ulcerations, folliculitis,
erythema  nodosum and
uveitis.

Tab. 1: Molecular and clinical features of autoinflammatdisorders presented in this thesis
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1.1 Hereditary recurrent fevers

In the last decade, the genetic cause of severallidh autoinflammatory
syndromes have been identified, as presented in Tallhe genes that are
responsible for these syndromes have been founehtode key sensors and
transducers of inflammatory signal transductiorhpatys [3]. Some of the genes
involved, such a3NFRSF1Awere previously well known, whereas the discovery
of mutations ilNLRP3, NLRP12, CARD15/NOD#ghlighted their importance in
inflammatory signalling pathways.

To date, twelve are the better known hereditary agenic disorders: familial
Mediterranean fever (FMF); tumor necrosis factorepgor-associated periodic
syndrome (TRAPS); mevalonate kinase deficiency (MiK&yopyrin-associated
periodic syndrome (CAPS), a group which includemilial cold urticaria
syndrome (FCAS), Muckle-Wells syndrome (MWS), anfrooic infantile
neurological cutaneous articular (CINCA); Guadelugariant Periodic Fever
syndrome (FCASZ2); granulomatous diseses which declBlau syndrome (BS)
and early-onset sarcoidosis (EOS); and, finallg, tbreditary pyogenic disorders
including PAPA (pyogenic arthritis, pyoderma gamgreum, and acne)
syndrome, Majeed syndrome (MS), and deficiencyheflt. 1 receptor antagonist
(DIRA). These diseases are generally charactebyeehrly onset but adult onset
has also been described, in particular for FMF aRAPS [20]. Type AA
amyloidosis is the most serious complication of frtiseases, due to excessive
production of serum amyloid-A (SAA), synthesized tine liver following
stimulation by certain proinflammatory cytokineschk as ILB, and also IL6 and
tumor necrosis factox-(TNF-o).

1.1.1 Familial Mediterranean Fever - FMF

31700 S208AI5X30

H e B B IR

ST

317Tbp B33bp 350bp 95 bp 231bp 23bp 116bp 33bp 33bp 1,667 bp

PRYSPRY domain (aa 597-776)
Fig. 1: Schematic representation of recessively inheritgldFfassociated mutations in tihdEFV
gene [21].

FMF is inherited as a recessive disease and isactesized by short episodes of
fever and inflammation involving the joints andasal surfaces. Mutations in the
MEFV gene, which encodes the protein pyrin, were foomd997 to underlie

most cases of this disease [8]. The mutations rsept at very high frequency in
several populations, in particular in the Meditegan basin and Middle East [22].
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As numerous patients with FMF clinical criteria bwithout genetic mutatios
were reported, genetic heterogeneity was propd3&ld Gershoni and colleagues
suggested also that complex alleles can lead tora severe form of the disease
[24].

Mutations are found throughout th&EFV gene [ttp://fmf.igh.cnrs.fr/infevers
but the most severe are clustered in exon 10 (FigPyrin is an adaptor protein
expressed in neutrophils and monocytes that cant@inN-terminal eponymous
pyrin domain and a domain at the C-terminal endhéer the B30.2 or PRY-
SPRY domain. Pyrin can assemble with ASC and pspase 1 in human cells to
facilitate the cleavage of pro-caspase 1. This tautaaffects several cell
signalling pathways affecting upregulation of caspa and ILE and inhibition
or down regulation of apoptosis and NB-[25]. FMF is usually responsive to
colchicine that is effective in preventing the ekis and the development of AA
amyloidosis. However, glucocorticoid may decre&sedttacks of FMF when it is
used early and in high doses [26].

1.1.2 Mevalonate Kinase Deficiency - MKD

MA

Mutations found in both diseases

H20P

Ki3x

1 - [ B T e n_F _5____ 1 F 6_ ..___T. 1} m— 5 13} | m .il_ -
e — d i d

———

42bp 92bp 148 bp 145bp 156 hp 104bp 4d6bp 9lbp 117 bp 154 bp 840bp
Fig. 2: Schematic representation of mutationsMVK that have been identified in patients
presenting with MKD, in blue [21].

Mevalonate Kinase Deficiency is a recessive inbdritlisease, presenting an
increased IgD titres, recurrent fever, macula-paptashes and athralgia lasting
for 3-7 day. This condition is caused by mutatiamsthe mevalonate kinase
(MVK) gene, responsible for severe mevalonic acidurid. [Although various
ethnic and racial backgrounds can be affected byDMHKiost patients have a
European descent. MKD-associated mutations aredlyralistributed throughout
the protein sequence (Fig. 2). Mevalonate kinasanisenzyme important in
cholesterol and non-sterol isoprene biosynthesi$ @snverts mevalonic acid to
5-phosphomevalonic acids. Recent investigation tinéosignalling pathways that
may be affected by alteration in the MK pathway ingglicated the small GTPase
Racl, PI3K and protein kinase B as key moleculasdbuld give rise to activated
caspase-1 (and IL1 and inflammation) due to isapmcedeficiency [27].
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Treatments of this disease can include anakinrd (feceptor antagonist),
colchicine, non-steroidal anti-inflammatory drugsand glucocorticoids.
Incomplete response to etanercept has been regaéed

1.1.3 TNF receptor-associated Periodic Syndrome (TRAPS)

TGN

Tan

¥Y331X

[ CRoi | cRoz L ORD3 | CRDA T B0

4

PLAD Ligand-binding domain
{aa 1-55) (aa 55-115)

Metalloproteinase cleavage site
(aa 172/173)
Fig. 3: Schematic representation of mutations in the TNFRdtein that are associated with
TRAPS [21].

TNF receptor-associated periodic syndrome (TRARS3n autosomal dominant
autoinflammatory disease associated with mutatioiNFRSF1Agene encoding
TNFR1 protein [2].

Patients experience recurrent fevers, abdominah, paash, and internal
inflammatory manifestations such as serositis,ites@nd episcleritis, but only
10% develop amyloidosis [28].

The majority of identified mutations in TNFR1 assted with TRAPS are
missense mutations affecting the extracellular aegiof the receptor
(http://fmf.igh.cnrs.fr/infeverd/(Fig. 3).

Mutations affecting cysteine residues that partgeign disulphide bonds have
been associated with the most severe and penelisgdse phenotype with an
increased risk of amyloidosis [29].

It is still unclear the presence of hyper-inflamargtstate in TRAPS patients, but
there are some hypothesis. The earliest proposeésfextive shedding of the
mutated receptor, raised from the observation wfetoserum levels of soluble
TNFR1 in TRAPS patients that only slightly incredigiring the febrile attacks.
This TNFR1 shedding defect may lead to insufficesitible TNFR1 to neutralize
TNFa, thus resulting in the continuous inflammatorymstius that is notable in
TRAPS [30]. Since this defect is not present inpallients, this hypothesis alone
is not sufficient. A second hypothesis is rela@iotein misfolding. Intracellular
aggregation of TNFR1 as misfolded protein might stibatively induce ligand
independent signalling and/or induction of ER (Hpldemic Reticulum) stress
responses that may play an important role in TRAB8and independent
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signalling might lead to an imbalance between eelivation and apoptosis,
leading to reduced NEB signalling. Todd and other investigators demaistt
that TRAPS-associated mutations in the ectodomagssilt in the receptor
displaying defective behavior, but the signallimggerties of the cytoplasmic DD
domain are not defective in the mutants [31]. Td& hypothesis concern the rule
of the NF«B signalling. Several functional studies have ndtezlrole of NF«B
in the transmission of the signal induced by thedinig TNF-receptor. Looking at
both high and low penetrance mutations associatdbd MRAPS, it was observed
an increase in the activity of the various suburofs NFkB and of the
proinflammatory response [32].

Treatments of the inflammatory episodes of TRAPS8ukh be glucocorticoids
and non-steroidal anti-inflammatory drugs (NSAIDs)addition to TNFRSF1B:
Fc fusion protein (etanercept). Other drugs such.h®locking agent (anakinra)
have been successfully used [26].

1.1.4 Cryopyrin-associated periodic syndrome (CAPS)

NOMID

FCAS
Mutations that are found in two diseases

1.029bp 120bp 1.753bp i7ibp G598 bp
NACHT/NBD domain (aa 220-536) LRRs

Fig. 4: Schematic representation of dominantly inheritedRRB mutations in patients with CAPS
[21].

Cryopyrin-associated periodic syndrome (CAPS) argraup of autosomal
dominant autoinflammatory diseases caused by au@isdominant ode novo
mutations ofNLRP3 gene that encodes cryopyrin [12]. NLRP3 belongsht®
family of NLR (nucleotide binding domain and leueirich repeat containing
proteins) that is implicated in inflammation andopgsis [33]. C-terminal
leucine-rich repeats (LRR) had been implicatedenseng bacterial components,
suggesting a role in the innate immune response. idéntification ofNLRP3
mutations in CAPS coincided with the realizatioattthe NALP3 protein is a key
component of the inflammasome, a multiprotein caxpthat can activate
caspase-1 [34]. Hyper-activation of the inflammasomesults in increased
caspase-1 generation leading to hyper-secretidhlofAnother proinflammatory
event, activation of IL6, is mediated via NB-

The clinical picture of CAPS includes:

a) Familial cold autoinflammatory syndrome (FCAS),
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b) Muckle-Wells syndrome (MWS),

¢) Neonatal-onset multisystem inflammatory disg&8@MID) or chronic

infantile neurologic cutaneous articular (CINCAndyome.

These conditions are no longer considered as tlsd®phenotypes with
increasing severity of the heterogeneous presentati this monogenic disease.
Instead, they seem to display a continuum of symptf.3].

Anti IL1 therapy should be the eligible one, prefeg rilonacept and
canakinumab to anakinra [26].

1.1.5 NALP12 associated periodic syndrome
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Fig. 5: Schematic representation &fLRP12 mutations in patients with NALP12 associated
periodic syndromehttp://fmf.igh.cnrs.fr/ISSAID/infever$/

NALP12 associated periodic syndrome is an autosaloalinant disease caused
by mutations in th&lLRP12gene encoding for the protein NLRP12, which plays
a crucial role in immune system mechanisms agaatstogenic agents. As in the
case of CAPS, the disease can be induced by gemeeraxposure to cold and is
characterized by recurrent fever episodes lastingb¥10 days accompanied by
skin rash, headache, lymphadenopathy, mouth ulea,abdominal pain [14].
Treatment choice is based on the use of antihisiesni NSAIDs, and
corticosteroids in less serious cases or the adimation of anakinra in more
serious ones [26].

1.2 Complex autoinflammatory syndromes

As prevously described, some complex diseases Hmen classified as
autoinflammatory disorders, including vasculiticndypomes such as Behcet
disease, idiopathic febrile syndrome (Still disg¢as® Schnitzler disease.

15



1.2.1 Schnitzler disease

This disease is characteristically associated witnoclonal IgM gammopathy,
which may involve B-cell lineage [14]. The clinicdieatures (urticaria,
intermittent fever, arthritis and elevated acutageh reactants) remind to the
hereditary fever syndromes, in particular MWS. Dinechemical data suggest an
influence of proinflammatory cytokines and R.Inhibitor is very beneficial in
the treatment [35].

1.2.2 Adult Onset Still's disease (AOSD)

Adult Onset Still Disease affects people older tién eitherde novoor those
with a history of systemic JIA (juvenil idiopaticthritis). Disease severity varies
significantly among affected subjects and, everthiwithe same individual. To
date, the mechanisms underlying AOSD are not caelglainderstood. High
levels of interleukin ILB, IL6, IL17, IL8, IL18, and TNF-a have been repdrte
[36]. These findings seem highly relevant, as ekxvaserum IL6 and/or IL18
levels have been associated with systemic sympsutis as fever, skin rash and
hepatic dysfunction, and correlated with raiseduiseC-reactive protein (CRP)
levels. The similarities between autoinflammatoigodders and AOSD might
suggest common pathogenic pathways and place AOSa anon-familial,
sporadic form. Related to the cytokines levels, lidhibition is currently
considered the mainstay of treatment for AOSD [37].

1.2.3 Behcet's disease (BD)

Behcet's disease is a complex chronic and relapeitagnmatory disorder that
has been extensively described in young adults freastern Asia and
Mediterranean countries. BD is considered a systemiammatory disease, most
likely involving adaptive immunity and particularly lymphocytes skewed
towards the T helper 1 phenotype and producingptbénflammatory mediators
IL2, IL6, IL8, IL12, IL18, TNFa and IFN [19]. Its essential manifestations are
oral and genital ulcerations, folliculitis, erytharmodosum and uveitis. The
presence of vasculitis worsens the prognosis, dottimg the potential for
life-threatening complications such as thrombophlebéitgrial aneurysms and
occlusion. The aetiology of BD is unknown. BD stsaofinical similarities with
certain wellrecognised autoinflammatory disorders. Different rikgo have
demonstrated a higher frequency of MEFV mutationpatients with BD, with
respect to their ethnicity [38,39]. Recently, th82® mutation in the TRAPS
gene, which is responsible for another defect naia immunity, was reported to
have increased in patients with BD [40].
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2 Blau syndrome

Blau syndrome (BS, MIM #186580) is a rare automifaatory granulomatous
disorder described for the first time by Edward (Bla 1985 as a dominantly
inherited, chronic inflammatory syndrome characesti by the clinical triad of
granulomatous dermatitis, symmetric arthritis aecurrent uveitis [41]. In 1996,
the BS locus was mapped in the chromosomal regéoii 2. 1-13, which contain
one of the susceptibility genes for Crohn’s disgd2é. In 2001, Miceli-Richard
et al identified the gene that confers susceptibility BS, discovering three
missense mutations (p.R334Q, p.R334W and p.L46G9H)d region encoding the
nucleotide-binding domain (NBD) of the caspase uierent domain gene
(CARD15/NOD? in four French and German BS affected familieS].[IThe
familial form of BS can be differentiated from gadnset sarcoidosis (EOS), a
multiorgan sporadic disease characterized by oimséhe first 4 years of life,
joint, skin, eye, lymph node involvement, and reent fevers, with possible
abdominal or central nervous system involvemensplite of the notable clinical
similarities, originally BS was considered a distirentity from EOS. Later,
genetic analyses demonstrated that many patients BOS also presented
mutations in theNOD2/CARD15gene. For this reason, some authors have
proposed that BS and EOS are, respectively, fdnahd sporadic forms of the
same disease [43,44]. Milmaat al. proposed to classify patients with EOS as
patients with “sporadic BS” due to de novo mutasiarstricting the term EOS to
patients with features of sarcoidosis and withouwttations inCARD15/NOD2
[45].

2.1 Clinical aspects

The occurrence of BS is reported primarily amongicasians although it has
been also reported in Asians as well as Afro-Anaersc[43]. For most patients,
the disease is characterized by early onset, tfpied ages before 3—4 years;
however, symptoms could appear after 10 years ef[45]. The most common
manifestation of the disease is arthritis, ofterstakien for juvenile rheumatoid
arthritis (JRA) [46]. Joint manifestations usualyppear such as symmetric
polyarthritis, involving  wrists, metacarpophalanigea (MCP), 1st
metatarsophalangeal (MTP) and proximal interphaahd@PIP) joints of hands
and feet, ankles and occasionally elbows (Fig. €apgression to deforming
arthritis may occur, leading to severe handicapseduby flexion contractures of
fingers and toes (camptodactyly) and decreasedomofilarge joints.

BS has been described with various skin manifestatisuch as papulonodular
tender brownish rash and multiple, firm, subcutariseaodules (Fig. 6b). The
appearance is variable, often symmetric, locatedhentrunk and/or extremities
[47]. The lesions’ histology consistently demontgsanon-caseating granulomas
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with multinucleated giant cells48] (Fig. 6c¢). ‘Commashaped bodies’ i
epithelioid cells may be revealed by electron nscopy ,whichseem to be

marker for BS [49].

The most relevant moidity of BS is eye involvement 0]. The most commo
manifestations are recurrent anterior uveitis orypaitis togther with eye pair
photophobia and blurred vision. Granulomatous isjeifften bilateral, can evolh
into a cataract and band keratopathy, often regusurgery (Fi. 6d).

Atypical cases of BS have been reported which we/organs ottr than the sin,
joints or eyes, such as liver and kidn51, 52].

No studies on the optimal treatment for patienth\BS have been made ydue
to its rarity and the variations in the severity anabletion of its expression:
Low-dose glucocorticoids are gener. satisfactoy at the quiescent stage |.

Biologic anticytokine agen (infliximab and anakinraynay be a promisin
therapeutic approach in refractory ca[53].

% 2 :', A ]

Fig. 6: Clinical and histological aspects of Blau syndro
a) Asymptomatic diffuse brownish papulae of some midter in diameter, firm subcutanec
nodules, varying in size from 5 to 30 mm in diametn the extensor surfaces of the legs
Enlargement of interphalangeal joints. ¢) Skin kipgrom the right fcearm. Norcaseating
granulomas, containing several histiocytes and inudteated giant cells with strong P/
positivity and rare lymphocytes and eosinophilsGaanulomatous uveitis, evolved into catal
and band keratopathy.
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2.2 Genetic and functional aspects

The identification ofCARD15/NOD2as the gene responsible for BS marked the
major turning-point for BS studies [15]. Since 20@&veral cohorts have been
genotyped and different CARD15/NOD2 mutations haeen identified in BS
patients from distinct ethnic origins (Fig. 7b). efimost commonly observed
mutations are missense substitutions affectinghtgbly evolutionary conserved
arginine residue at position 334 (R334W or R3340y, (4-56]. These mutated
alleles make codon 334 a genetic hot spot for nwist Most of the other
mutations are found only once or few times. A npldtisequence alignment of
NOD2 with homologous proteins have shown that tbsitmn of BS mutations
correspond to the position of pathogenic mutationBILRP3 protein linked to
CAPS [57]. This suggests a close connection betweziwo diseases.
CARD15/NOD2 encodes a multi-domain protein of 1@&40ino acids, namely
nucleotide oligomerization domain 2 (NOD2). NODZ2aisnember of the NOD-
like receptor family (NLR) that play an importamie in innate immune defense.
NOD2 expression has been mainly occurred in thesoytof myelomonocytic,
dendritic, and Paneth cells [58,59], which are mammponent of non-caseating
granulomas. More recently NOD2 has shown to be emtesn the plasma
membrane of intestinal epithelial cells [60]. Theséline expression of NOD2 is
low, but it is known that the protein can upregeléself, when activated by its
ligands [61].

As shown in Fig. 7a, NOD2 has a typical three-dons&iucture composed of two
N-terminal effector region consisting of caspasaugment domain (CARD), a
centrally located NACHT that is critical for actikan, and nine C-terminal
leucine-rich repeats (LRRs) that sense the pathagsociated molecular patterns
(PAMPSs) [62].The N-terminal domain mediated signglthrough its homophilic
interactions with other CARD containing protein.eTbentrally located NACHT
domain displays ATPase activity and is necessary &ativation and
oligomerization leading to inflammatory signaliresponses [63].

NOD?2 is a general detector of intracellular invasbacterial infections, sensing
small peptides such as muramyl dipeptide (MDP)egradation product from
both Gram-positive and Gram-negative bacterial idegtycan [64]. A crucial
role for NOD2 in bacterial clearance has been detnatedin vitro andin vivo
for infection with a variety of pathogens [65, 66]J0D2 was shown to mediate
additional cellular responses to the host defernystem in response to viral
ssRNA [67] and to direct autophagy by recruiting @f the key components for
autophagosome formation [68].

Basically, NOD2 activation leads to the activatafriNF«B that is present in the
cytoplasm as an inactive form binded with inhibt@roteins known as inhibitor
of kBs (kB) (Fig. 8). NOD2 resides in the cytoplasm of megticells in an
autoinhibited conformation due to the intramolecuderactions of its LRR and
CARD domains: the response to bacterial compon@didP) results in an
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oligomerization via NACHT domain, thus exposing the CARfantaining
effector domain and inducing the recruitment of skenethreonine kinase RIP
through a CARDEARD interaction. Follwing its activation by NOD2, RIF
activates the lkB-kinase{IKKy, also known as NEMO), thegulatory subuni
of IKK complex, and promotea cascade of phosphorylation. Phosphoryl
IKKB (the catalytic subunitof IKK complex) leads to a ubsequenth
phosphorylation othe inhibito of NF«B IkB, thus releasing the active -«xB
which translocatet the nucleus where it initiates the transcripgicarctivation o
proinflammatory geneld 6].

Since BS is due to an increased activity of-kB signaling, it is generall
classified as an autoinflammatory disease. Heer, it remains unknown how t
gain-offunction mutations in NOD2 affects the pathogenesi8lau syndrom
and whether a genoty-phenotype correlation exists between the clir
manifestations and NQ2 mutations. lecent studies [§9%uggest the possibilit
that an elevated basal NdB- activity may affect disease progression rather 1
disease onset since they found that patients wittated NOD2 and low N-xB
activity tended to experience complications (i.¢hris and uveitis) at a latt
age.
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Fig. 7a-b: Geneticaspects of Blau syndromr

a) Schematic presentation of CARD15/NOD2 gene hrdhtucleotide positions of l-associated
mutations (NM_022162.1). Exons are represented d¥ed whereas horizontal lines stand

introns. b) Detailed representation of NOD2 displaying amawd positions of B-associated
mutations. The numbers under the dia¢ are the first and last amino acids of eistructural
domain (data fronhttp://www.uniprot.org/uniprot/Q9HC:).
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Fig. 8: Biochemical aspects of Blau syndrome.

Schematic representation of the NB-signalling pathway NOD2 dependent. MDP activates
cytosolic NOD2 through direct interaction with tleeicine-rich repeat region. Binding leads to the
oligomerization of NOD2 and recruitment of the lgeaRIP2 through homotypic CARD-CARD
interactions. RIP2 then activates the IKK compl&his results in phosphorylation, ubiquitination
and degradation of IKB, and downstream activatibassociated NF-kB
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3 Microarray techniques

Multiplex analytical technologies are crucial flietcomplex task of deciphering
disease-specific biomarker patterns as they prothdeopportunities for an all-
inclusive approach, not previously possible usiogventional technologies such
as the enzyme-linked immunosorbent assay (ELISA)er@ are currently
numerous commercially available multiplex immunegstechnologies that offer
the possibility to detect multiple analytes simaéausly [70].

Protein microarray is a high-throughput method usettack the expression of
proteins, to determine their function on a largaescProtein microarray is a rapid,
automated and highly sensitive technique, consuramgll quantities of samples
and reagents. The advantages achieved by hightisgpsand high throughput
makes protein microarrays a powerful technique hia proteomic study for
discovery of new drugs, markers and detection afwkn proteins [71].The
method consists to immobilize large numbers ofgnst as a spatially organized
array of spots on a coated glass slide [72]. Thacept of immobilizing
antibodies onto functionalized glass or plastidesburfaces was first developed in
the 1980’s and realised as a multiplex alternativéhe ubiquitous ELISA by the
late 1990s [73, 74]. The spots may represent compiltures such as cell
lysates, antibodies, tissue homogenates, recontbprateins or peptides, body
fluids or drugs [71, 75-78]. Density of protein $p¢called features) on a printed
array can easily reach 2,000 features per squargnedtre. Sample volumes
deposited onto the surface for any single featuwaldvbe in the 50-500 picolitre
range. Both these characteristics depend upon xaet substrate material and

system setup used [70].
c Second antibody-
reporter
Analyte
\ w/ A Primary antibody

“ functionalized
slide
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Fig. 9: Slide based multiplex arrays require individualags to be separated with a frame and
gasket device.
A-D) Antibody microarray technique; E) Detectioepstfor Reverse Phase Protein Array [70]
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3.1 Antibody Microarray

An antibody microarray is a specific form of pretanicroarrays, in which a
collection of capture antibodies are spotted arddfion a solid surface such as
glass, plastic or silicon chip, for the purposedefecting antigens. The concept
and methodology was first introduced by Chang i83L979]. His work was
focused on the employment of antibody microarrags the detection and
quantification of cells bearing certain surfaceigens, particulate antigens, and
soluble antigens.

Nowadays, the antibody microarray technique reguiobotic printing of specific
antibody sets upon an activated slide surface. Gaaked, the arrays was treated
as ELISA wells, with appropriate blocking, samplepesure and washing.
Detection of each target analyte was then achidwedadding a cocktail of
biotinylated detection antibodies to complete thandsvich followed by
amplification and streptavidin conjugated Cy5 (F{. High resolution scanning
enabled signal intensity measurements for eaclurksatepresenting a separate
analyzers detection. Technical replicates and sombernal standards were
included within the array. Different amplificationethods can be used, dependent
upon the testing samples. A standard curve is gegtmuch like in a traditional
ELISA, creating a dilutional series from recombinhantigen mass standards. The
sensitivity of antibody microarrays is in the rarafeELISA [80].

There are many advantages in antibody microarrayifgh throughput analysis,
including the fact that it does not require dirédbel of proteins contained in
samples fluids. It is also a high sensitive andcsigeassay, that allows highly
sensitive detection of numerous low abundance hikens. Nevertheless, an
obvious limitation is the requirement of two nonedapping accessible epitopes
and two validated antibodies for a target molec(#4s82]. The most common
application of antibody microarrays is to profibeperiments on plasma or serum
samples to detect a wide range of diverse molec@dash as cytokines and
chemokines [83].

3.2 Reverse Phase Protein Array

This technique was first introduced by Liotta aretrieoin in 2001 [75]. Reverse
phase protein arrays (RPPA) was technically sintdathe antibody microarray.
Unfractionated samples (cell lysates) were primlieeictly onto coated glass slides
and immobilized as the spot feature. The spedffiat the analyte-specific
antibodies was critical to ensure unbiased measmtmand was verify by
Western Blot. Those slides were probed with a rasfgantibodies specific for
individual signalling molecules, both phosphorythtand non-phosphorylated.
Signal detection for RPPA analysis of intracellutaioteins is often performed
using either a directly labeled reporter primaryitaody, or primary and reporter
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conjugated secondary antibody (Fig. 9¢). The aisagptically scanned at high
resolution and the obtained data is quantifiedaligas digital data [84].

There are many advantages in RPPA for high throutgapalysis, including the
small spot size of the individual spots (featureS)150 to 200 um in diameter
allowing the incorporatiomf thousandf spotsper microarray. This facilitates
comparisons betweesamples, sinceesach sampleis exposedto the same
experimental conditions during analysis. RPPA s dlighly sensitive due to its
miniature formatthat provides increases in the signal density and requires
extremely small amounts of sample [85]. There awenes obstacles in the
application of RPPA, related to the requiremenhigh affinity antibodies and to
the state of the proteins to analyse. To overcdmset obstacles, all antibodies
should be tested for specificity and sensitivityd all the proteins have to be
denatured [86,87].

An important application of RPPA is to investigatdlular signalling pathways in
normal and diseased conditions. RPPA can be usedualize the state of signal
transduction pathways, providing data on post-tedimmal modifications such as
phosphorylation, degradation, protein cleavageubiduitination [88, 89]. RPPA
data can be useful to identified novel diagnosgognostic and predictive
biomarkers on a wide range of diseases, in ordedimically stratify different
patients groups, so as to develop personalizedyeptee or therapeutic
strategies.

3.3 Microarray requirements

The optimization of assay conditions is one ofriiegor challenge for microarray
technology.

Printing surface

The demand for even higher densities as well andeel for decreased sample
consumption and quantification led to the applaatof glass slides as solid
supports with coated surfaces.

The ideal printing surface should provide high skninding capacity, good spot
morphology, minimal autofluorescence or colour lggrokind and compatibility
with available detection methods. There are a tsaé commercially available
activated glass or coated slides, such as nitrdost, amino-, aldehyde-silane
and epoxy-silane glass slides [90]. Microporousag@s and membranes such as
nitrocellulose, nylon and polyvinylidine difluoridéPVDF) have high binding
capacity and nitrocellulose coated glass slidescaremonly used surfaces for
protein arrays [91].

In this study nitrocellulose slides were used f&tFR, whereas poly-I-lysintor
antibody microarray. Advantages for using nitradele slides are the high
affinity binding property, the commercial availatyiland the compatibility with
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different methods of detection. The auto-fluoreseeof nitrocellulose is the main
disadvantage. Glass slides with poly-I-lysine argtéad easy to prepare, handle
and robust. They present very good signal-to-nmses and high homogeneity,
even though a detection limit at 2000 amol/spo}.[90

Printing condition

Prior to printing samples on the slides there amesparameters that should be
considered including the type of pin used for dépus the sample onto the
surface, the capabilities of the printing robotmpée volume, viscosity and the
numbers of arrays and slide surface to be usedermsmt on the arraying robot
capabilities and substrate design, a spot arraigmesn be tailored according to
the number of samples [92]. Temperature, humiditg dust/debris are critical
conditions during printing, since they can easiiiget array quality of printing.
Increased temperature and decreased humidity magecavaporation of the
sample, whereas dust on the substratum causedereteze with detection
methods.

Blocking Buffer

The blocking buffer is important in decreasing tetection background and
provide good signal to noise ratios. Furthermdre,use of blocking conditions in
RPPA that differ from those used for Western blatidation of the primary

antibodies can alter the data output [92].

Amplification

Amplification of microarray signals enhances thgnai especially if the target
analyte has low abundance. There are different@dstbf amplification that have
been used, especially in antibody microarray. Tydamsignal amplification
(TSA) is based on the horseradish peroxidase (HRRJysed deposition of
reactive biotinylated tyramine at sites of immuraatéevity, which binds to protein
molecules at the sites of HRP activity. Biotinythtéyramine reacts with
peroxidase in the presence of hydrogen peroxidef@mnas a reactive group with
a short half-life, which is thought to bind covalgno proteins at electron-rich
amino acid residues. This results in an increasaduat of biotin at sites of
immunoreactivity, which can be detected by streigiavbased methods, leading
to a significant improvement on the sensitivitysagnals [94,95]. The use of TSA
Is sensitive and specific. Another amplificatiorchteique employs the 3DNA
dendrimers technology from Genisphere (Hatfield,, RASA) [96]. These
fluorescently labeled dendrimers are conjugatedSti@ptavidin, allowing for
detection of biotinylatedargets. The signal amplification is significansiecto the
40 fluorescent dyes per Streptavidin molecule.
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Detection methods

In this study, we have not tested different detectmethods. It was already
confirmed from previous work (data unpublished; MBjfoup, Nottingham) that
infrared should be the most convenient, sensitv@ @ligible method to detect
specific proteins.

There are different methods for detecting the taag@lyte on microarray slides,
such as Immunofluorescence, Colorimetric and Negaded (NIR).

Due to health, safety issues and long detectioredirthe use of radioactive
detection methods in microarray is very limited.

Chemiluminescent detection method is based on ith#as procedure used for
western blotting, in which the antigen is identfievith primary antibody
followed by secondary antibody conjugated with eitalkaline phosphatase (AP)
or HRP. Detection is achieved through the cleaw@ge chemiluminescent agent
and the reaction product produces luminescencedpoption to the amount of
protein. Even if this method is sensitive and raffie low feature resolution is an
important drawback.

Another technique is based on colorimetric detect©hromogens are molecules
that act as substrates for an enzymatic reactigyet@rate a coloured substance.
The most common chromogen used in microarray imidi@benzidine (DAB)
with HRP labelled antibodies. The brown DAB pretafe is stable and produces
signals with relatively low background. Howevererd are several disadvantages,
such as the mutagenicity of DAB, the limited life& of the reaction and the low
dynamic range of chromogenic imaging [97, 98].

Fluorescence in microarray was firstly described 1890 [99]. Fluorescent
molecules absorb photons from an external lightre®ucausing excitation of
electrons within the molecule andemission of ligh&a different wavelength to the
excitation one. Light emission can be quantifiethvgreat sensitivity using CCD
detection systems.

Fluorescence gives high dynamic range relativedormmetric methods, from
violet (405nm) through green (532nm), yellow (594rand red (635nm) regions.
Combining each antibody with a dye presenting gumiexcitation and emission
spectra can allow the detection of multiple signedsa single assay. The
disadvantages of visible wavelength fluorescensetba detection include
problems of non-specific auto-fluorescence fromtgins and other components
that cause significant reduction in signal-to-noes#s.

Recently, the use of near-infrared (NIR; 680-800ritaprescence dyes has
proved to dramatically increase signal-to-noiseiosatwith minimal auto-
fluorescence, with reduction of the background @oj400]. It is however
advantageous when using nitrocellulose and fluergseporter dyes. The use of
two dyes on the same printed spot to detect twgetdras a very high sensitivity.
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4  Signalling pathways studied in this thesis

Additional mechanisms linking innate immune-mediaieflammation with a
variety of cellular processes, including proteinsfoiding, oxidative stress and
mitochondrial dysfunction, have been recognised play a role in the
pathogenesis of some monogenic autoinflammatoryditons [101]. Those
processes can later activate other inflammatorhweys with host defence
function, such as MAPK, JNK, and N&B pathways. Along these pathways,
inflammasomes are more than ever believed to plagemstral role in the
recognition of exogenous and endogenous dangealsign autoinflammatory
diseases [102]. Fig. 10 and 11 present schemadigrains of the pathways,
known to be involved in autoinflammatory diseasas analyzed in this thesis.

4.1 NF-kB pathway

NF-xB is a transcription factor that controls the esgren of many genes
involved in immune responses, cell proliferatiorgll cdifferentiation, cell
apoptosis, inflammation, and oncogenesis. In mamnF«B is considered to
be the master regulator of both innate and adaptivaunity, inflammatory
responses, cell survival and organ development][103

NF-xB is a member of the Rel family proteins (that dand to specific DNA
sequences) which includes five related members shate the so-called Rel
homology domain (RHD), about 300 amino acids |dmaf is located toward the
N-terminus of the protein and is responsible fonelization, DNA binding and
interaction with IkB (the cytoplasmic inhibitor dfF-«B).

Expression of NReB is regulated by diverse stimuli including protamhmatory
cytokines such as tumour necrosis factor (&NEnd interleukin-1, bacterial
products including lipopolysaccharide (LPS), vasouiral proteins such as
human T-cell leukemia virus type 1 (HTLV-1) and pioal stress, for instance
ultraviolet radiation and reactive oxygen stimuRQS) [104]. During resting
conditions, NF«B is present in the cytoplasm as an inactive foonded with
inhibitory proteins Ik (inhibitor of IkBs family, which includes seven mbers
all characterized by ankyrin repeats that mask NlkexB nuclear localization
domain and inhibit both its targeting to the nuslemd its DNA-binding activity
[105]. All IkB proteins have two Serine (S) residuwithin their N-terminal
domain. In response to stimulation, phosphorylatibthese conserved S residues
by IkBkinase (IKK) leads to the immedigbelyubiquitination of IkB proteins by
ubiquitin ligase E3 complex, rapid degradation biquitinated IkB proteins by
the 26S proteasome [106] and release ofkBFfrom inhibition, allowing its
nuclear translocation. IkB Kinase (IKK) is a 70009kDa complex, containing
two catalytic subunits, IKK and IKKB and a regulatory subunit NEMO (N
essential modulator). IKiKand IKKB are Serine/Threonine kinases with protein
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interaction motifs including a leucine zipper (LZhd a helix loop helix (HLH)
domain in their C-terminal domains [107]. HSP-90Z@d, a chaperone, may also
associate with the IKK complex, whereas many upstr&inases may regulate
the IKK activity, such as MEKK1 or TGFActivated Kinase 1 (TAK1).

Once in the nucleus, NEB binds specific promoters that ensure transcniptid
the target genes encoding numerous pro-inflammatgtgkines, chemokines,
adhesion molecules, growth factors, immune recepaod prosurvival proteins
[108].

There are two main pathways for activation of &-in response to stimulation.
The canonical pathway in response to cytokines agchiNF, microbial products
and stress, depends on activation of IKK complexi aesults in nuclear
translocation of NReB [109]. The non-canonical or alternative pathwapehds
on activation of IKK complex that results in prosieg of p100 NFeB protein
and release of p52. This pathway occurs mainly cel& [109].

The known mechanism underlying MB- activation by NOD2 is related to a
changing conformation of NOD2 in response to b#&tecomponents. The
conformational change results in activation of NQB@wnstream engagement of
receptor interacting protein-2 (RIP2) and subsetaetivation of NF«B [110].
RIP2 is an adaptor protein and is a CARD-contairf@gine/Threonine kinase
that physically associates with the CARD domaindN@iD2; these homotypic
CARD-CARD interactions are important for the activa of NF«xB [111].
Recent results proved the essential role of RIPthénmodulation of both innate
and adaptive immunity triggered by NOD2 ligandsqLand, in RIP2-deficient
mice, it was established that RIP2 played a ctitioke not only in NF«B, but
also in mitogen-activated protein kinase signallidAPK) [113]. However,
NOD2-dependent but RIP2-independent signalling agists: Travassos and
colleagues demonstrated that in RIP2-deficiens@INOD2 dependent induction
of autophagy occurs, and this involves the direcruitment of the autophagy
protein ATG16L1 to the activated NOD2 complex [68].

Negative feedback for NKB is necessary to prevent chronic inflammation
caused by continues activation of MB: One of the regulatory molecules is
IkBa, which is a target gene of the active NBtranscription factor; another one
is A20, that negatively activates NdB by binding to key regulators such as
NEMO or NOD?2 in active form and causes de-ubiqation [114].

4.2 PI3K/AKT pathway

PI3K is a heterodimeric lipid enzyme that belongsat large family of PI3K
related kinases capable of phosphorylation of phoswsitides (rare lipids).
PI3K activates intracellular signalling proteinsatlplay a crucial role in cell
survival, differentiation, proliferation and migiat pathways in different cell
types including cells of innate and adaptive immufil5].
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PI3K presents a catalytic and regulatory suburdi6[1The catalytic p110 subunit
has Serine/Threonine protein kinase activity ad aglphosphoinositide kinase
activity [117].The regulatory p85 subunit consistsmultiple domains including
Proline rich domains and SH domains for bindingg|11

PI3K activation requires two steps: the assembly84/p110 heterodimer and the
interaction with the activator proteins, that maasma membrane receptors
(receptors of platelet, epidermal or insulin-likeowth factor) or non-receptor
such as cytokines and cell attachment to the eslttdar matrix such as p60 Src
[119].

Activated PI3K phosphorylates phosphoinositides di(i), generating
Phosphoinositide (Ptdins) phosphates (Ptdins 3gt-P2dins 3,4,5-P3). These
rare lipids help to recruit pleckstrin homology (P#bmain containing proteins
such as Akt and PDK1 (phosphoinositide dependentsd 1) to the cell
membrane. PI3K is associated with membrane recegpiorplexes that bring
PI3K into the proximity of Jak2 and c-Src. This allow Jak2 and c-Src (non
receptor tryrosine kinases) to activate PI3K aadldwnstream target, Akt [120].
PTEN is a lipid phosphatase that inhibits the gbdf PI3K to phosphorylate Akt
[121].

Akt (also known as protein kinase B, PKB) is a 8@fThreonine protein kinase
and is an important regulator of cell survival gdliferation. Akt activation is
achieved by site-specific phosphorylation at Threer808 and Serine 473, after
PI3K activation.

However, PI3K independent activation of Akt hasrbesported: cAMP-elevating
agents such as prostaglandin-E1, 8-bromo-c-AMP, skfbin  and
chlorophenylthio-cAMP were demonstrated to activétet through Protein
Kinase A (PKA) [122].

Akt can bealso activated by Ca2+/calmodulin-depenhdiénase, cellular stress
and heatshock protein especially as Hsp-27 [123].

Upon activation, Akt is recruited to the plasma rbeame through the pleckstrin
homology (PH) domains, and then recruits many déweam substrates that
promote cell survival or inhibit apoptosis. Thesbsrates include Bad, GSK3;,3
transcription factors, Caspase-9 and IKK [124].

There are different mechanisms of anti-apoptotiteots of the PI3K/Akt
pathway. In some cells N&B is the main target of PI3K/Akt [125].However,
there are survival mechanisms other thandBRhat can activate several survival
targets, including components of cell death maali{esuch as BAD, cFLIP)
[126].

The PI3K/Akt signalling pathway is involved in rdgting the inflammatory
response. The role of the PI3K/Akt pathway in inffaation-mediated diseases
such as rheumatoid arthritis, multiple sclerosisthma, chronic obstructive
pulmonary disease, psoriasis, and atheroscler@sisbben reported [127, 128].
PI3K is predominantly expressed in leukocytes anctitical to the inflammatory
response and the function of leukocytes [129]. e of Akt in inflammation is
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still under investigation. However, Di Lorenzo acalleagues demonstrated the
critical role of Aktl in acute inflammation by vadar permeability that leads to
oedema and leukocyte extravasations [130].

4.3 MAPK pathway

Mitogen activated protein kinases (MAPK) are Sédfiheeonine protein kinases
that are activated by various extracellular stinagdiproinflammatory cytokines,
heat shock, mitogen, osmotic stress and other BtiMAPK regulate different
cell activities including gene expression, cellvsual, cell proliferation, and
apoptosis.

Several groups of MAPK family have been identifiégluding extracellular
regulatory kinase (ERK1/2/5, also known as cla$aPK), p38MAPK and c-
Jun N-terminal kinase/stress activated protein desa (JNK1/2/3/SAPKS).
Activation of each group requires dual phosphorgtatof Threonine and
Tyrosine within the activation loop of the MAPK tugh a cascade composed of
MAPK, MAPK kinases (MEKs) and MAPKKK. MEKs are sp&c for each
isoform of MAPK family. For instance ERK1/ERK2 aaetivated by MEK1 and
MEK2, JNK is activated by MEK4 and MEK7, and p38 MR is activated by
MEKS3 and MEK®6 [131].

One of the most important and most studied MAPKpaly is ERK1/2.

There are many stimuli that can activate the ERKMIRPK pathway such as
growth factors, serum, and phorbol esters and tesaer extent, cytokines,
osmotic stress, ligands of theheterotrimeric G @metoupled receptors, and
microtubule disorganization [132]. Activation of KR/ERK?2 starts at the plasma
membrane where cell surface receptors transmitaEghat allow subsequential
binding between Ras, Raf-1 kinase (a member of ME#&ily) and protein 14-
3-3 [133]. That enables Raf activation by membraiteases such as protein
kinase C (PKC) family, Src. After Ras/14-3-3/Rafttivation, the signal is
transmitted to the next step in this cascade, MEMEK 1 and 2) that can be
activated mainly by Raf-1 involving serine phosptation [134]. Activated
MEKSs in turn initiate dual phosphorylation of ERIERK2 within a conserved
Thr-Glu-Tyr (TEY) motif in their activation loop. His dual phosphorylation
allows nuclear translocation of activated ERK1/29]L

ERK1/2 can phosphorylate large number of nuclegtosolic and structural
regulatory proteins that control several -cellularogesses mainly cell
transcription, proliferation, cytoskeletal rearremant and translation [136]. For
example, ERK1/2 can indirectly regulate some kiaassponsible for controlling
transcription by phosphorylation of regulatory nmikes such as NkB, c-AMP
or glycogen synthase kinase 3 (GSK 3) [137].

p38 MAPK was firstly studied in 1993 [138]. Differe extracellular stimuli
including pro-inflammatory cytokines, TNE interleukin-1, protein synthesis
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inhibitors, and chemically stressful stimuli cah adtivate p38 MAPK pathway.
The upstream activators of p38 MAPK are two spediiKK family members,
MEK3 and MEKG6 [139]. Recently, another upstream eoale named MEKS5
(also called TAK1) may serve as an upstream kiridsMEK3 and 6 [140].
Activation of the p38 results from phosphorylatioha conserved Thr-Gly-Tyr
(TGY) motif in their activation loop by the MKK3/6Active p38 MAPK targets
several downstream protein kinases including: MARage-activated protein
kinase 2 and 3 (MAPKAPK2 and 3) and MSK1/2 [141]. ARKAPK2
phosphorylates and activates heat-shock proteiHSP{27), while MSK1/2 can
phosphorylate and activate transcription factor tiegulate survival, such as
CREB. Cellular response to p38 MAPK activation af@sidepending on the cell
type and the stimulus and p38 MAPK has been repadepromote both cell
survival and cell death [142]. There are importagsociations between
expression of p38 MAPK and inflammation as p38 MABKctivated mainly by
numerous inflammatory stimuli and there after aHedirectly or indirectly the
transcription of genes encoding inflammatory moles(i143].

JNK family was firstly isolated in 1990 [144]. Tleeare three main forms of JNK:
JNK1,JNK2, and SAPK that are widely expressed ligells. Stress factor stimuli
activate JNKs, such as cytokines, UV irradiatiompvgh factor deprivation,
DNA-damaging agents, and, to a lesser extent, S8rmmtein coupled receptors,
serum, and growth factors [138]. Upon stimulatisignals are transmitted to
several MAPKKs that phosphorylate MEK4 and MEK?7 gbhin turn causes dual
phosphorylation on Tyrosine and Threonine residuésn a conserved Thr-Pro-
Tyr (TPY) motif. Between the transcription factdfsat are phosphorylated by
active JNKs, c-Jun is the most well known. Serihegphorylation of c-Jun by
JNK leads to increased c-Jun-dependent transarmifid5]. Other transcription
factors that also can be phosphorylated by actNi€sJare: ATF-2, NF-ATcl,
HSF-1, and STAT3 [145].

4.4 JAK2/STAT3/c-Src pathway

JAKs (Janus family of tyrosine kinases) are a fgnuf large non-receptor
tyrosine kinase proteins, including Jakl, Jak23Jakd Tyk2 [146]. They are
widely expressed, except Jak3 restricted to myela lymphoid cells.

Stimulation of JAKs results in STAT transcripticactor activity.

STATSs (signal transducers and activators of trapgon) comprise a family of

seven structurally and functionally related prageirstatl,Stat2, Stat3, Stat4,
Stat5a and Stat5b, Stat6f. Activated STATSs playitecal role in regulating innate

and acquired host immune responses [147].

Src family is non-receptor protein Tyrosine kindbat was first discovered in
1979 [148].
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Some cytokine receptors lack catalytic kinase #@gtand depend on JAK family
of tyrosine kinases to provide this activity. Itshbeen shown that JAKs are
constitutively associated with a Proline-rich, meamte proximal domain of these
receptors [149]. JAK pathway activation initiatgsthinding of the cytokine to the
corresponding receptor, which leads in turn to oconftional changes in the
cytoplasmic side bringing JAKs into the proximitlyeach other. Activated JAKs
act as docking sites for STATs and other regulatopfecules. Recruitment of
STAT to the receptor initiates its phosphorylatiand activation. Activated
STATSs separate from the receptor, dimerize andkoaate to the nucleus [147].
SHP-2 protein has been found to negatively reguldfs activity by
dephosphorylation [150]. Activated STATs target @fie genes, SOCS
(suppressors of cytokine signalling), which antagenSTATs activity and
establishing an important and classic negative feekl mechanism [151].
Another down regulation or inhibition mechanism &TAT pathway is
modification of STATs protein as dephosphorylatiorgthylation or formation of
truncated isoforms of STATs [152].

C-Src is activated by dephosphorylation of TyroSRie by SHP-1 phosphatase
tyrosin kinase [153].

4.5 INFLAMMASOME pathway

The structure of the inflammasome has first beestriged by Tschopp and co-
workers in 2002 [154]. The macromolecular complexludes a NOD-like
receptor (NLR) associated with ASC (apoptosis-aased speck-like protein
containing a caspase recruitment domain (CARD)) anocaspase 1 [155].
According to the structure of the NLR involved,ypes of inflammasomes have
been described to date. The NLRP1-inflammasome lmeagctivated by a toxin
derived from anthrax, the NLRC4-inflammasome bytéaal flagellin and an
inflammasome of the PYHIN (pyrin and HIN domain-taining protein) family,
termed AIM2-inflammasome (“absent in melanoma 2j)dinding to viral and
bacterial double-stranded DNA from intracellulathmagens [156,157].

External and endogenous “dangers” are recognizdtidse “danger sensors” and
are able to induce an inflammatory reaction. Initaid to PAMPs and DAMPs,
the inflammasome may interact with and be stimdldtg proteins such as pyrin,
proline—serine—threonine phosphatase-interactingtepr 1 (PSTPIP1) and
mevalonate kinase (MK) [158].

The most studied inflammasome is the NLRP3-inflasonge. It may also be
regarded as the most important, since it can beadetl by a large variety of
PAMPs and DAMPs. In addition activation may be aubd by reactive
oxygenspecies (ROS), proteases released into tesat\by lysosomal damage
caused by amyloi@; silica, cathepsin B or cholesterol crystals, otagsium
efflux from the cell [159-160].
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The NLRP3 protein has a tripartite domain orgamzratan amino-terminal death-
fold domain (a pyrin domain), a central NACHT nuatlde-binding domain with
ATPase activity and a role in the oligomerizatidntiee protein, and carboxy-
terminal leucine-rich repeats (LRRs) with regulgtéunctions and involved in
ligand interaction [33]. The death-fold domainstloé NLR protein interact with
those of ASC and/or caspase. ASC is an adaptoeiprencoded by PYCARD
and consists of two death-fold domains: one pyrimdin and one caspase
activation and recruitment domain (CARD). ASC iatgs with the upstream
inflammasome sensor molecules via the pyrin domBims interaction triggers
the assembly of ASC into a large protein consistimagnly of multimers of ASC
dimers. Using its CARD, ASC brings monomers of pagpase 1 into close
proximity [162].

Upon activation of the inflammasome, procaspaselllbes activated to caspase 1
which in turn cleaves inactive pro-interleukifi-tb its active form ILB. IL1p is,
besides TNE, one of the major mediators of fever and inflamorain humans.
IL1B has also been called the “prototypic alarm cytekifi62], recognizing its
pivotal role in innate immunity. Once released, iU&ads to dimerization of the
IL1 receptor accessory protein (ILLRAcP) with thd-eceptor type 1 (IL1R1).
This causes a cascade of downstream signals winiglhyfresult in the activation
of NF«B and the production and release of other inflanonyatytokines. The
IL1 receptor antagonist (IL1-RA) may prevent retmént of ILLRAcP and has
an important role in regulating the process [1@3l]1

As a consequence of inflammasome activation, aelamgiety of cytokines are
produced and released by cells of the innate immsysem (monocytes,
macrophages, dendritic cells) [165]. They include 1L1 family (IL1, IL18,
IL33), the TNF family (TNF, LTa), the IL6 family (IL6,IL11), the IL17 family
(IL17A, IL25), and type 1 IFNs (IFd IFNB) [165].
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5 Pro-inflammatory cytokines discussed in this thesis

The disease-based discovery of the molecular bamisautoinflammatory
disorders has led not only to a rapidly growing bem of clinically and
genetically identifiable diseases, but has unmdnitiey inflammatory pathways
such as the potent role of the interleukin IL1 amither pro-inflammatory
cytokines.

5.1 Interleukin 1 (IL1)

The IL1 family plays an important role in inflamnaat and host defence. Up to
11 members of this family have been identified &ed167]. Of those, only five
have been thoroughly studied: b, 1IL1p, IL18, ILLRA and the recently reported
IL33 [168]. The remaining six (IL1F5; IL1F6; ILIFAL1F8; IL1F9; IL1F10)
have been shown to be expressed in various celistyy tissues but their
functions remain to be determined.

IL1a and IL1B are pro-inflammatory cytokines. Both are synthedias precursor
molecules (pro-IL& and pro-ILB) by many different cell types. Pro-lklis
biologically active and needs to be cleaved by aalgo generate the smaller
mature protein. By contrast, pro-lglis biologically inactive and requires
enzymatic cleavage by caspase-1 in order to beamtiee. ILln is primarily
bound to the membrane whereas fILIls secreted and thus represents the
predominant extracellular form of IL1 [169,170]. d&ise ILB is the most
powerful endogenous fever-inducing molecule (pymg&nown, there are
multiple checkpoints to control its production aaffects, including both the
regulation of inflammasome activation and the aantf its end-organ activity
through IL1Ra. Although the major sources of fLare blood monocytes, tissue
macrophages, and dendritic cells [171], it shoukd roted that leukocytes
producing this cytokine are found in immunologigghrivileged organs, such as
the kidney, heart, skeletal muscle, and brain [1Fgrleukin 1 is involved in the
pathogenesis of numerous diseases with an inflaornatomponent [173]. In
particular, as presented by Agostini and colleaglidff has a prominent role in
autoinflammatory diseases activated by NALP3 inftesome [174]. The
observation that metabolic substrates that accumula target tissues can
stimulate the NLRP3 inflammasome to releaseflbas led to studies of the use
of IL1 blocking agents in some diseases. Despige sirccess of IL1 blocking
therapy, the use in a wider spectrum of autoinflatomy conditions has
uncovered disease subsets that are not respoondivé blockade.
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5.2 Interleukin 6 (IL6)

The IL6 family is composed of IL6, IL11, leukaemi@hibitory factor (LIF),
oncostatin M (OSM), ciliary neurotrophic factor (TN), cardiotrophin-1 (CT-1)
and cardiotrophin-like cytokine (CLC). Members bfst family display pro- but
also anti-inflammatory effects and play a centcdé in hemopoiesis as well as in
innate and adaptive immune responses.

Activation of IL6 signalling is mediated throughethL6/sSIL6R complex, a
process known as “trans-signalization” and a unigx@ample of a soluble
cytokine receptor displaying agonistic effects. ikGecreted by many cell types,
including B and T lymphocytes, monocytes, fibroldageratinocytes, endothelial
cells, mesenchymal cells and certain types of tumelfs. IL6 induces the
differentiation of B lymphocytes into plasma cellswell as the proliferation of T
lymphocytes, differentiation of cytotoxic T cell®icaIL2 production. IL6 also
induces the differentiation of macrophages and ikeyacytes [175].

Recently, IL6 has been described to participatinéndifferentiation of a novel T
cell subset, Th1l7, which displays pro-inflammatdmnctions [176]. IL23 is
responsible for the expansion of Th1l7 previouslyedéntiated, while IL6 and
TGF are responsible for the differentiation of Th1@nfr their naive precursors
[177].

IL6 is likely to be involved in the pathogenesismdfammatory diseases. It is also
found at high level in serum of periodic fever pats [178] and also in complex
disorders such as Still's and Behget diseases 85619,

5.3 Interleukin 8 (IL8)

Interleukin 8 is a member of the CXC chemokine fgnmand was initially
identified as a neutrophil chemotactic and acti@tiactor [180]. Since then, a
variety of other proinflammatory activities haveeheattributed to IL8, including
immune cell activation and promotion of angiogesddi81,182]. IL8 can be
produced by a variety of cell types involved in lamimation, including
monocytes and endothelial cells. Activation of €elccurs after binding to the
IL8 receptors, CXCR1l and CXCR2, expressed on nphiiy monocytes,
endothelial cells, astrocytes, and microglia [18B8 expression is regulated by
different mechanisms, including NéB pathway [184].

IL8 is implicated in chronic inflammation, as sugtg for inflammatory diseases
such as rheumatoid arthritis, inflammatory bowskdse, and psoriasis [185,186].
IL8 levels are increased in the serum of diverseiaflammatory diseases
affected subjects, in particular it can be a madeactivity in Behget patients
[187].
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5.4 Tumour Necrosis Factora (TNFa)

Among all the members of the tumour necrosis faemily, TNFo. and TN are
the most pleotropic cytokines. Although they sharelogical activities and
homology, they are structurally different as Td\NPBresents cysteine residues
[188]. TNFu is produced by activated immune cells includingcrophages,
monocytes, lymphocytes such as T-cells and nataitelr cells (NK) and other
cells including fibroblasts, smooth muscle cellsd apithelial cells. TN& is
synthesised as a homotrimer type Il transmembramd NFa that is cleaved by a
metalloproteinase to release C-terminal soluble a' NB9].

TNFa controls and orchestrates the immune responssesvatal levels [190]. It
has also a protective role against many infect@md an important function in
organogenesis [191, 192].The pathological effeEfBNFa includes involvement
in cancers, inflammation, autoimmune diseases [193]

5.5 Interferons (IFNs)

The IFNs were originally discovered as agents ititatfere with viral replication.
They are classified into type | and type Il accogdio receptor specificity and
sequence homology.

IFNy is the sole type Il IFN. It is structurally unredd to type | IFNs, binds to a
different receptor, and is encoded by a separataradsomal locus. It is secreted
by B cells, NKT cells, and professional antigenseming cells (APCs)
[194,195]. IFN production by professional APCs (monocyte/macrggha
dendritic cells) acting locally may be important @ell self-activation and
activation of nearby cells. IFNsecretion by NK cells is likely to be important in
early host defence against infection. {Fproduction is controlled by cytokines,
such as IL12 and IL18. These cytokines serve asdgéto link infection with
IFNy production in the innate immune response [196lylis known to heighten
immune surveillance and immune system functionrdumfection [197].

5.6 Interleukin 12, 17, 22 and 23 (IL12, IL17, IL22 andIL22)

IL12 is produced primarily by monocytes, macroplsaggendritic cells, and B
cells. The major functions of IL12 include inducti@of IFNy production from
natural killer (NK) cells and T cells, enhancemeftcytotoxity of NK and
cytotoxic T cells, and differentiation of naive Tells into Thl effectors,
suggesting a key role for IL12 in the developmehtell-mediated immunity
[198]. Although IL12 is important for host defena®jer expression of IL12 can
cause persistent inflammation leading to autoimmdiserders such as multiple
sclerosis.

The recent discovery of IL23 has led to a re-ev#@neof interleukin 12 biology,
as they share a common p40 subunit. IL23 is a ayothat drives autoimmune
diseases, including psoriasis and inflammatory baligeases [199,200]. IL23 is
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secreted by human DCs exposed to gram-negativeerimctThe main
distinguishing feature of IL23 is its ability todnce CD4+ Th17 cells to produce
IL17 [201]. The IL23-IL17 pathway plays an importarole in terms of the
induction of inflammatory cytokines contributing tutoimmunity as well as
protective responses against infection.

IL17 is a potent proinflammatory cytokine that aifips ongoing inflammation
by inducing expression of TNEIL14, and IL6 in epithelial and endothelial cells
as well as other cell types such as keratinocygsoviocytes, fibroblasts, and
macrophages.

Interestingly, a recent report brings to light agmtial role for Th17 cells in the
autoinflammatory disorder adult-onset Still's disedAOSD) [202].

Th17 cells produce also 1L22, a cytokine that ipamant for the modulation of
tissue responses during inflammation. Through atibm of STAT3 signalling
pathway, 1L22 induces proliferative and anti-apoiptpathways, as well as anti-
microbial molecules that help prevent tissue dameage aid in its repair. 1L22
plays also an important role in inflammation, irdihg chronic inflammatory
diseases and infectious diseases [203].
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Aim of this work

AIM OF THIS WORK

The autoinflammatory diseases are a heterogeneasp gof inflammatory
syndromes caused by primary dysfunction of thetmimamune system, without
evidence of adaptive immune dysregulation. Theyprise both hereditary (such
as FMF, MKD, TRAPS, CAPS and Blau syndrome) andtifagtorial (Still's and
Behcet's diseases) disorders. Despite major adsvarioe genetics and
pathophysiology of these diseases, the signallatgvays and the inflammatory
mediators related to autoinflammatory disordersfaréo be deeply investigated.

There are two main aims in this project:

1. Functional characterization of the Blau syndronmseamted mutation
(p.E383K), recently found in the affected membdraroltalian family, by
studyingin vitro its pathogenic potential from NOD2-transfected HRER
cells. To confirm the preliminany vitro results, additionag¢x vivostudies
were performed using protein microarray techniques.

2. Characterization at molecular level of a wide ramjehereditary and
multifactorial autoinflammatory diseases, in order identify possible
predictive or diagnostic biomarkers for each diseasnd to develop
preventive and therapeutic strategies. We evaluddeth signalling
intermediates and inflammatory mediators in pattsvépown to be
involved in inflammatory responses by means ofg@roinicroarray based
systems
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Materials and Methods

MATERIALS AND METHODS

1 Genetic and functional studies on Blau syndrome

1.1 Clinical Evaluation

The study involved subjects belonging to an Italiamily, affected by BS and
followed by the Rheumatic Unit, University of Padioa the past 25 years (Fig.
12a) [204]. Clinical diagnosis for BS was basedptysical features, such as
chronic bilateral uveitis, symmetrical arthritisvaiving fingers wrists and feet,
and skin manifestations, consisting of widespreagdufes. Skin biopsies have
revealed non-caseating granulomas with multinuettagiant cells which, at
electron microscopy, revealed "comma-shaped bodies'epithelioid cells,
thought to be a marker for BS (Fig. 12b). Eachguatiunderwent all routine
laboratory investigations, including serum lipidsheumatoid factor and
antinuclear antibodies, that were within normal itém The proband showed
asymptomatic, diffuse, miliary brownish papule dimth subcutaneous nodules,
varying in size from 5 to 30 mm diameter, on thesdoof hands and feet and on
the extensor leg surfaces. No specific treatmens vpaescribed to the
probandexceptfor NSAIDs, which were to be taken whecessary for a few
days' time for pain control. Her daughter, instefatipwed a low doses of oral
steroids treatment which yielded a good respon@g][2
Blood sampling for DNA, PBMC cytokine assays andchtional analysis were
performed under informed consent, according t#rénent Italian legislation.

A

1

111

Fig. 12: Blau syndrome family.

A) Pedigree structure of the proband and her farkiljed-in symbols indicate clinically affected
family members, both proband (subject 11-4) and Haughter (subject IlI-2). Shaded symbol
represents proband's granddaughter (subject IVah),asyntomatic carrier of the p.E383K
mutation. Absence (-) or presence (+) of p.E383Kation is indicated.

B) Clinical and histological aspects of Blau synmde a) Asymptomatic diffuse brownish papulae,
firm subcutaneous nodules, on the extensor surfafcén® legs. b) Enlargement of interphalangeal
joints. ¢) Skin biopsy from the right forearm. Noaseating granulomas, containing several
histiocytes and multinucleated giant cells withosty PAS positivity and rare lymphocytes and
eosinophils. d) Granulomatous uveitis.
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1.2 Screening for mutations

Genomic DNA was extracted from blood samples armsd cibncentration is
determined with Nanodrop (ND 1000 Spectrophoton@i)PCR primers used in
this thesis were designed by PRIMERBtf://frodo.wi.mit.ed) and produced by
Invitrogen. The primers obtained from PRIMER3 wehesen after analysis with
BLAT (http://genome.ucsc.eyiuto avoid both SNPs presence within their
sequences and annealing in additional wrong regions

1.2.1 DHPLC analysis

PCR Amplification

The analysis o€CARD15/NOD2gene in 3 BS patients were performed firstly by
denaturing high-performance liquid chromatograpPHPLC). Samples were
amplified in a final volume of 50 containing approximately 100ng of genomic
DNA, 10X PCR buffer 1l (Applied Biosystems), 25mM d@l> (Applied
Biosystems), 6pmoli of each primer (Invitrogen), Mmdeoxinucleotide
triphosphates (Invitrogen) , and 2.5U of DNA TAQ O®polymerase (Applied
Biosystem).

PCR conditions for all the DNA fragments were dtofes: an initial denaturation
cycle of 95°C for 7 minutes followed by 35 cyclesmposed by a denaturation
step (95°C) for 30 seconds, an annealing step Gosetonds, and an extension
step (72°C) for 45 seconds. A final extension di7for 7 minutes completes the
amplification. The amplification product was veeti using 2% agarose gel, and
visualized using Gel Red™ Nucleic Acid Gel Stainotigim) and ultraviolet
light. As the length of fragment suitable for DHPla@alysis is less than 400bp,
this long exon was split in shorter amplicons. ptimer sequences and PCR
conditions used are reported in the below tablé (2a

AMPLICON | Tm Base | T°c DHPLC+TIME FORWARD 5' 3' REVERSE 5'3"
pair SHIFT
4a 60°C | 550bp 2;22 CGCTGGCTCTCCTATCCCTT | TTGACCAACATCAGGCCAACAG
4b 60°C | 487bp o f}ci 05 CTGCAGGGCAAGACTTCCA AGGGCTGAGGTCTCTTGGA
4c 60°C | 524bp gg'gog TCCGCACCGAGTTCAACCTC | CGCGGCAAAGAAGCACTGGA
4d 60°C |  490bp 62.2°C GCCAAGAGCGTGCATGCCAT | CACCAGACCCAGCACATAGG
4e 60°C |  494bp 626;9(33 L ACCTTCAGATCACAGCAGCC GCTCCCCCATACCTGAAC

Tab. 2. Condition for PCR amplification and DHPLC anatysif CARD15/NOD2gene for BS-
associated mutation.

DHPLC Analysis

Denaturing high-performance liquid chromatograpbByHPLC) compares two or
more DNA sequences as a mixture of denatured amthealed PCR amplicons,
revealing the presence of a mutation by the difféak retention of homo- and
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heteroduplex DNA on reversed-phase chromatograppgats under partial heat
denaturation [206].

DHPLC analysis was performed on a Transgenomic WAMXA Fragment
Analysis System (Model 3500HT; Transgenomic) withD&ASep column
(Transgenomic). PCR fragments were denatured fan 2t95°C and then left to
re-anneal slowly at room temperature to promotefohmation of heteroduplex.
Separation was performed at a flow rate of 0.9nm/for Mutation Detection
application (8min). The acetonitrile gradient wa§uated to elute the amplicon at
half run, around 4min for Mutation Detection apption and 1.5min for Rapid
DNA application. The gradient was obtained by myxBuffer A (0.1M TEAA,
pH 7.0) and Buffer B (0.1M TEAA, pH 7.0, 25% acdtdle). Buffer B increase
was 2% per min (with flow rate 0.9ml/min) and 5% pein (with flow rate
1.5ml/min). Column temperatures were calculatedNAWVIGATOR software
(Transgenomic). Whenever fragments showed differemtlting domains,
additional analyzing temperatures were used, tamipg resolution. These
temperatures should give the 75-80% of double dtENA within the fragments.
DHPLC conditions used to analyze CARD15/NOD2 gemeeligted in the Tab. 2
presented above.

Wild Type Mutant Heteroduplexes Hoemoduplexes

) */.%/_.A//

HIH

[HiLl
I A

Absorbance (mV)

o

T T T
4 5 6
Retention Time (Minutes)

Fig. 13: DHPLC scheme.

When two DNA molecules, differing by as little assigle mismatch, are heated and cooled
together, two homoduplex and two heteroduplex gsedre formed. The chromatographic
separation of homo- and heteroduplex is the bdstsedDHPLC technique.

1.2.2 DNA Sequencing

Whenever a putative mutation was detected with DEIRechnique, a DNA
sequencing was performing to confirm it. Primerd dN'TPs unconsumed during
the PCR amplification can interfere with the sequem method. The purification
was provided by usage of two hydrolytic enzymesopriticlease | and Shrimp
Alkaline Phosphatase (EXO-SAP). After mixing togeth5ul of PCR
amplification and 0.5ul of each enzyme, the sotutias to be incubate firstly at
37°C for 15min to activate and then at 80°C fomdid to inactivate the reaction.
The sequencing reaction requires 3ng of purifiedAOd¢r 100bp and 10pmol of
primer for sequencing (forward o reverse). PCR #&upk were sequenced at the
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BMR genomics by an ABI 3730XL DNA sequencer (Apgli@iosystems).
CHROMAS software (Version 2.33; Technelysium) arite tLASERGENE
software package (SeqMan I, DNASTAR) were usedetiit, assemble and
translate sequences.

1.3 Cytokines release from PBMC

Collection of PBMC
Single paired samples of blood were collected ftbemtwo adult Blau syndrome
patients described previously and three healthyrotsn PBMC were isolated by
Ficoll-density gradient separation, as the protdedbw.
= Thaw blood sample (collected in EDTA tube) and sfarred to a sterile
50ml tube.
= Add PBS+2%FCS at 1:2 ratio, then gentle mixingtthee.
= Layer 3ml of Histopaque-1077 at the bottom of a rtele and then
carefully layer the blood sample using a Pastepetfe. Do not mix the
blood and Histopaque.
= Spin at 900xg for 30min at room temperature.
» Using a Pasteur pipette carefully remove the whitdfy coat layer' and
transfer it to a new universal container. This tay@ntains PBMCs.
= Wash the cells in PBS+2%FCS (make up total volumapproximately
15ml). Centrifuge cells at 400xg for 10 minutescaim temperature.
= Pour off supernatant very gently and resuspends dell 8ml of an
hemolysis solution (8,26g NH4Cl, 1g KHCOS3, 0,0379TANa4) for
10min, shaking sometimes.
» Add PBS+2%FCS until the final volume of 15ml anerthcentrifuge at
400x%g for 10 minutes at room temperature.
» Pour off the supernatant and wash the pellet WBB.RCentrifuge cells at
400x%g for 10 minutes at room temperature.
» Pour off supernatant gently and resuspend cell®ml of RPMI complete
media (10%FCS+1%Glutamine).
= Count the cells using Birker chamber and dilutihg tells in Trypan
Blue. To obtain the concentration of the suspensisa the formula:

cell/ml=mean of readings X titration factor x 103

Cell culture and stimulation of PBMC

Fresh PBMC were seeded in 12-well plate inRPMI mediontaining

1%Glutamine and 10%FCS in an atmosphere of 95/59¢@i at 37°C at a

density of 2-1€cell/2ml. The cells were cultured for 7 and 24 Isoeither without

stimulation or in the presence of muramyldipeptiiéug/ml] (Sigma-Aldrich),

purified lipopolysaccharide fror.Coli 055:B5 [100ng/ml] (Sigma-Aldrich) or a
combination of both. All experiments were made uiplicate.
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Muramyldipeptide (MDP) is a synthetic immunoreaetpeptide consisting of N-
acetyl muramic acid attached to a short amino atidin of L-Ala-D-isoGIn
[207]. Lipopolysaccharide (LPS) is a TLR -4 agorast the major component of
the outer membrane of Gram-negative bacteria.

ELISA analysis
At the expected times, the cell culture were prdedeas follow:
= Collect the surnatant of each well in different keat eppendorf.
= Centrifuge at 400xg for 10 minutes at room tempeeatto pellet
accidental cellular materials.
= Collect the surnatant and store at -80°C.
» In a specific tube, each surnatant was diluted%@ in a total volume of
1ml BSA4% solution and store at -20°C until cytakimssays were
performed

Cytokines levels were measured through enzymedinkemunosorbent assay
(ELISA) by Hospital Laboratories. ELISA is a simgéchnique that allows rapid

screening or quantification of a large number ahgles for the presence of an
analyte or the antibody recognizing it. ELISA, hawe remains popular because
of its ease of performance and automation, accuaay the ready availability of

inexpensive reagents. One limitation of the ELI®&hnique is that it provides

information on the presence of an analyte but fiormmation on its biochemical

properties, such as molecular weight or its spdistibution in a tissue.

1.4 CARD15/NOD2 constructs forin vitro experiments

To directly evaluate the pathogenic potentials e mutation identified in the
Italian BS patients (p.E383K), the starting pomta create a construct with the
wild-typeand mutated€CARD15/NODZDNA cloned inside. ThEARD15/NOD2
wild-typeconstruct was already available in the lab, prizsgrihe cDNA cloning
into pCMV-Tag2c vector. | did a mutagenesis stepntooduce p.E383K in the
wild-type construct. Having a construct carrying anotheraBSeciated mutation
should be very useful, especially as a positivarobiior the further experiments.
p.R334W mutation is one of the most frequent arephjestudied BS-associated
mutation. Due to the hardness of mutagenesis imeien full of tandem repeats
, | used a different way to obtain the p.R334W rtedaconstruct. | have started
from a different construct pcDNA3-R334W, presentitng mutated p.R334W
CARD15/NODZDNA.

A couple of restriction enzymes (BamHI and Xhok aised to cut this construct
to obtain the linear strand of p.R334WARD15/NOD2cDNA. The same
restriction enzymes cut the pCMV-Tag2&RD15/NOD2wild-type construct to
get the vector pCMV-Tag2c with compatible endsligation with the previously
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obtained cDNA. DNA ligase catalyzes the joiningngsthe 5 -phosphate and the
3’-hydroxyl groups of adjacent nucleotides in thiekg-ended configuration
[208]. This allows the "pasting” together of p.RB84CARD15/NOD2cDNA
insert and receptive pCMV-Tag2c vector. So, thosastucts are ready for
further transfection experiments.

1.4.1 Vectors

pcDNAS
In the lab p.R334WCARD15/NOD2ZDNA was available kindly provided by Dr
G Nuiez (Ann Arbor, MI, USA) cloning into pcDNAS3 e®®r. This plasmid offers
the following features, as shows in Fig. 14:
= Cytomegalovirus (CMV) enhancer-promoter for higheleexpression
» Large multiple cloning site with 11 unique restoct enzyme sites and
either forward (+) or reverse (-) orientations
= Bovine Growth Hormone (BGH) polyadenylation sigaald transcription
termination sequence for enhanced mRNA stability
= Ampicillin resistance gene and pUC origin for sél@at and maintenance
in E. coli

Comments for peDMNAS
5446 nucleotdes

ChY promoter: bases 208-863

T7 promoter: bases 864-882
Polylinker: bases 889-994

Sp6 promoter: bases 999-1016
BGH poly A- bases 1018-1249
SV40 promoler: bases 1790-2115
SWa0 orlgin of replication: bases 1984-2068
Meomycin ORF: bases 2151-2045
SVa0 poly A bases 3000-3372
ColE1 origin: bases 3632-4305
Ampicillin ORF: basas 4450-5310

" Thete is an ATG upstream R I=F]

of the Xba | site. Bsml

C

| putative transcriptional start T7 promoter i

r
824 GCTAACTAGA GAACCCACTG CTTACTGGCT TATCGAAATT AATACGACTC ACTATAGGGA
Hi1|1d 11 K;Im I Ban|1H I lei XI ECIO RI
884 GACCCAAGCT TGGTACCGAG CTCGGATCCA CTAGTAACGG CCGCCAGTGT GCTGGAATTC
EcoRV BstX1 Not 1 XhoI Xba 1 Apal
| | | | | |
944 TGCAGATATC CATCACACTG GCGGCCGCTC GAGCATGCAT CTAGAGGGCC CTATTCTATA

Sp6 promoter
1004 GTGTCACCTA AATGCTAGAG CTCGCTGATC AGCCTCGACT GTGCCTTCTA GTTGCCAGCC
Fig. 14: pcDNA3 plasmid.

A) pcDNA3 plasmid circle map (Life TechnologyB) List of features and their positio)
Multiple cloning site region with position of refgtiion enzymes.
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pCMV-Tag2c

The expression vector used for this thesis wonkG#1V-Tag2c (4.3 kb), kindly
provided by Dr T Kufer withCARD15/NOD2 wild-typecDNA (GenBank
NM_022162.1) cloning inside. pCMV-Tag2c is an Nat@ral FLAG®
mammalian expression vector (Fig. 15). The FLAGtag@ is a small, highly
immunoreactive tag, composed of 8 amino acid resdlDYKDDDDK) and is
not likely to interfere with the function of ther¢get protein. A Kozak consensus
at N-terminal sequence provides optimal expressibthe fusion protein. The
neomycin-resistance gene is under control of bb# grokaryoticp-lactamase
promoter to provide kanamycin resistance in bamteand the SV40 early
promoter to provide G418 resistance in mammalidls.cEhe multiple cloning
site (MCS) of the plasmid allows for a variety tdrung strategies.

. P CMV
CMV promoter 1-602

FLAG tag 682 705

multiple cloning site 708-781

{ SV40 polyA 858-1241

P USV40 pA 1 origin 13791685

bla promoter 1710-1834

SV40 promoter 1854-2192
neomycin/kanamycin resistance ORF 2227-3018

\ ™ ori HSV-TK polyA 3019 3477
neo/kan ™ R, pUC origin 3606 4273

P SV40

) /FLAG
2 MCS

Tk piq pCMV-Tag 2C

4.3 kb

C

pCMV-Tag 2C Multiple Cloning Site Region
(sequence shown 620-845)

T3 promoter M
AA TTA ACC CTC ACT AAA GGG AAC AAA AGC TGG AGC TCC ACC GCG GTG GCG GCC GCC ACC ATG...
[ —

KOZAK
FLAG tag

T D Y K D D D D K ] %rH BomH\ Psrl EcoR\
.GAT TAC AAG GAT GAC GAC GAT AAG AAG CCC GGG CGG ATC CCC CGG GCT GCA GGA ATT.

ElcoRV I—lhnd I /i‘\cc 1/Sal | }‘(ho | /Z‘\pc |
..CGA TAT CAA GCT TAT CGA TAC CGT CGA CCT CGA GGG GGG GCC CGG TAC CT...

T7 promoter

.. TAATTAATTAAGGTACCAGGTAAGTGTACCCAATTCGCCCTATAGTGAGTCGTATTA
e —

MULTIPLE STOP CODONS

Fig. 15: pCMV-Tag2c plasmid.
A) pCMV-Tag2c plasmid circle map (Sigmd) List of features and their positio@;) Multiple
cloning site region with position of restrictionzaymes and FLAG® tag.
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1.4.2 One step direct Mutagenesis for p.E383KARD15/NOD2construct

Site-directed mutagenesis is an effective techniguentroducing mutations or
short deletions into a gene of interest. The ingarstarting step is the design of
the mutagenic primers.

Mutagenic primers design
The mutagenic oligonucleotide primers were designsihg the following
guidelines:
= The mutagenic primers for point substitutions @ention must contain the
desired mutation, whereas the mutagenic primersiétgtions must skip
the sequence corresponding to the lost oligonudiest
= Primers should be between 25 and 45 bases in lemgth a melting
temperatureTm) of >78°C. Primers longer than 45 bases may be used, but
using longer primers increase the likelihood of oselary structure
formation, which may affect the efficiency of theutagenesis reaction.
The following formula is commonly used for estinmati the Tm of
primers:

Ty = 815 + 0.41(%GC) — 675/, — %mismatch ,
whereN is the primer length in bases.

For calculating Tm for primers intended to introduce insertions or
deletions, there is a modified formula to use:
Ty = 815 + 0.41(%GC) — 675/,

whereN does not include the bases which are being insertddleted.

» The desired mutation should be in the middle of ghener with 10-15
bases of correct sequence on both sides.

= The primer optimally should have a minimum GC cahtef 40% and
should terminate in one or more C or G bases.

= Primers for insertion or deletions must be purifigdpolyacrylamide gel
electrophoresis (PAGE). Failure to purify the pnmeresults in a
significant decrease in mutation efficiency.

One step direct mutagenesis

Site-directed mutagenesis was performedC#RD15/NOD2wild-type - pCMV
Tag2c construct, in order to reproduce the mutapoB383K (c.1147G>A)
presents in our BS patients.

The following mutagenic primers were used separasatd with different
annealing condition (60°C-62°C). This allowed tamoke the better primer and
temperature for a higher mutagenesis yield.

E383K-F: CCTTTGATGGECTTTGACAAGITCAAGTI TCAGGTTC;
E383K- R GAACCTGAACTTGAACT TGTCAAAGCCATCAAAGG
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Materials and Methods

Set up PCR reaction:

Template DNA (327ngd stock) 1.7l

Primer F or R (jtM) Sul
dNTPs (10mM) 1.pl
10X Pfu Buffer 2.0l
Pfupolymerase 0.5l

(Stratagene, 2.5yl
Sterile water 16l
Final volume 25l

PCR conditions:
Denaturation: 95°C for 3min

Then 23 cycles of: 62°C for 30sec
62°C for 90sec
68°C for 18min

1ul of Dpn I, a methylation-sensitive restriction gne, was added to the PCR
product and then was incubated for 1-2 hours a€3é°get rid to thevild-type
methylated host strand.

1.4.3 Construction of p.R334WCARD15/NOD2 pCMV-Tag2c plasmid

Digestion

The cDNA of human p.R334VCARD15/NOD®%as kindly provided by Dr G
Nufiez (Ann Arbor, MIl, USA) cloning into pcDNA3 vext The mammalian
vector pCMV-Tag2c was kindly provided by Dr T Kufeith CARD15/NOD2
wild-type cDNA cloning inside. It is necessary to digesthbobnstructs in order
to obtain the vector pCMV-Tag2c with compatible ndith the p.R334W
CARD15/NOD2cDNA. BamHI and Xhol (NEB, UK) are the more sui@b
couple of restriction enzymes in this case for alde digestion.

Set up restriction reaction:

CARD15/NOD2 wild-type- pCMVTag2c | p.R334WCARD15/NOD?2 - pcDNA3
Construct 159 Construct 19
Buffer3 10X 3ul Buffer3 10x 3.5
Xhol 3ul Xhol 3ul
BSA 100X 0.3ul BSA 100X 0.35ul
water 6.7ul water 4.151l
Final volume 3Qul Final volume 3al
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« Digestion O/N at37°C

« Stop restriction at 65°C for 20min
e Add 3 pl of BamHI

« Digestion at 37°C for 4 hours

Expected bands from digestion of Expected bands from digestion of
CARD15/NOD2 wild type- pCMVTag2c p.R334WCARD15/NOD2 - pcDNA3
4300bp Linearized vector 5.400 bp Linearized vector
3200bp insert 3200 bp Insert
Purification

A particular good purification of the digestion grets is necessary to obtain the
higher amount of linearized pCMVTag2c vector anB@324W CARD15/NOD2
cDNA insert.

The Wizard® SV Gel and PCR Clean-Up System (Promméga membrane-
based method designed to extract and purify DNAnrant up to 10kb from
standard agarose gels. It is based on the abifitfpldA to bind to silica
membrane in the presence of chaotropic salts.

Ligation

T4 DNA Ligase (Promega) catalyzes the joining oM ag2c linearized vector
and p.R334WCARD15/NOD2cDNA between the Sphosphateand the -3

hydroxyl groups of adjacent nucleotides in a colesinded configuration. The
following formula is commonly used for estimatingetoptimal quantity of cDNA

to be used:

ng of vector X kb size of insert

i insert — i
kb size of vector X molar ratio of /vector = ng of insert

Set up ligation reaction:

Reagents Quantity Reagents Quantity
Vector pPCMVTag2c 180ng Vector pCMVTag2c 180 ng
p.R334WCARD15/NOD2 134 ng p.R334WCARD15/NOD2 402 ng
insert insert
Ligase 10X Buffer 1l Ligase 10X Buffer 1l
T4 DNA ligase 1.2 ul T4 DNA ligase 1.2 ul
Nuclease-free Water 5.75 pl Nuclease-free Water 5411
Final volume 10 pl Final volume 10 pl
Ratio insert/vector = 1:1 Ratio insert/vector = 3:1

To increase the efficiency rate of the ligationctemn, | have tested different
conditions. | used two molar ration of insert:vec{d@:1 and 3:1) and two
incubation temperature (4°C and 16°C O/N).
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Materials and Methods

1.4.4 One shot chemical transformation and preparing cultires of
bacteria

All the constructs prepared above were cloned ipIDochemically competent
E.Coli (Life Technology). To maximise the transfected @aéincy, a key
parameter is the purity of plasmid DNA. The constisuhave to be deprived of
phenols, ethanol, proteins and detergents.

The protocol consists of these following steps:

= Thaw on ice one 50 vial of One Shot® TOP10 cells (Life Technology)
for each transformation.

= Add 2ul of plasmid DNA directly into the aliquot of bacie and mix
gently without pipetting.

* Incubate on ice for 30min and then heat-shock #tis tor 30sec at 42°C
without shaking. The cells are highly sensitivartechanical lysis caused
by pipetting.

= Immediately transfer the tubes to ice and adduR®® SOC medium
previously warmed at room temperature. SOC islamedium composed
by 2% Tryptone, 0.5% Yeast extract, 10mM NaCl, 261Cl, 10mM
MgCl,, 10mM MgSQ, 20mM glucose

= Cap the tube tightly and shake the tube (200rpBY &L for 1 hour

» Incubate at 37°C for 30minutes two plates (LB @atentaining 50g/ul
ampicillin) for each transformation

= Spread 50l and 20@l from each transformation on 2 pre-warmed plates.
Spreading the plates with different volume ensuhed at least one plate
would have well-spaced colonies. The bacteria seleenedium was LB
(Luria-Bertani: 1%Tryptone, 0.5% Yeast extract, NaCl) added with
1.5% Select-Agar and containing &ul Kanamycin.

* Incubate at 37°C O/N

1.4.5 Purification of plasmid

Wizard® Plus SV Minipreps DNA Purification Systétmofnega)

This miniprep procedure provides a simple, reliabkthod for rapid isolation of
any plasmid DNA fronE.coli hosts, most efficiently when the plasmid is less
than 20 kb in size. An overnight colture is haredswith centrifugation and
subjected to a modified alkaline-SDS lysis procedollowed by adsorption of
the plasmid DNA onto silica in the presence of hsglis. Contaminants are then
removed by a spin wash step. Finally, the boundpid DNA is eluted in water
or Tris-EDTA buffer.

The recovered plasmid DNA, predominately in itsesapleid form, is checked in
a 1% agarose gel.
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PureYield™ Plasmid Midiprep System (Promega)

The system provides a rapid method for purificatiming a silica-membrane
column. The bacterial cells are lysed by a setuffelos based on the NaOH/SDS
lysis method. After equilibration of the column &tlger with the corresponding
column filter, the entire lysate is loaded by gtavilow and simultaneously

cleared by the equilibrated filter. Plasmid DNAkisund to the silica resin and
after a washing step is eluted, precipitated asdalved in a suitable buffer for
further use. From 50ml of an overnight recombinamoli culture is possible to

isolate more than 5@ of high copy plasmid DNA.

The recovered plasmid DNA has to be checked in agétose gel.

1.4.6 Sequencing of the final constructs

Each plasmids were verified for unwanted variatibnth in the insert sequence
and in the functional region of the plasmid (CM\bproter and FLAG). The three
final constructs have been sequenced using theepsihisted below.

The primer CARD15 vectlR verified the accuracy leé FLAG, the promoter
CMV and BamHI restriction site. The primer CARD1®8ctOF identified the
accuracy of the Xhol, whereas the primer CARD15t4fecshowed the two
mutations inserted iI@ARD15/NOD2

For the sequencing, we used the service providethbyBMR genomics and
prepared 200ng of each plasmid DNA and 1pul of gachers.

SEQUENCING PRIMERSs

FUNCTIONAL REGIONS OF
INSERT SEQUENCE pCMVTag2c VECTOR
CARD15_vectlF CARD15_vect6F CARD15_vectlR
CACGATGAGGAGGAAAGAGC TGCTGCTACGTGTTCTCAGC | TGGAAGCCCTCGTAGTCCTC
CARD15_vectlR CARD15_vect7F CARD15_vect9F
TGGAAGCCCTCGTAGTCCTC CAGATCACAGCAGCCTTCCT | TCCGAGGCAACACCTCCTTG
CARD15_vect2F CARD15_vect8F E7901CMV-F
TACTTGGGCCTGTCAGAAGC GAGTGTGCTGCCCTGGCCTT | GCCATTGCATACGTTGTATC
CARD15_vect3F CARD15_vect9F
GCTGCCACATGCAAGAAGTA TCCGAGGCAACACCTCCTTG
CARD15_vect4F CARD15_vect10F
CAGTGGCAAGAGCACGCTCC CTGAAGTTGTCCAATAACTG
CARD15_vect5F
CATCCGCACCGAGTTCAACCT
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Materials and Methods

1.5 [Invitro experiments on transfected HEK293 cells
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L. Transfecthan p.E 383K NODZ 1. Trarafection g RIJ4W NODT
—
-E L ." "'1. -...\.
il == } i
2. 5timudatian o 3. Stimulatian { L. Stimulation { !
> | -

Collect surnatants

Gl Gl ’ﬁ\'
L\

L]
- ~ .
-, e,
et *“TT‘._;:-' l -
L Sl B¥ ¥Ei "
e ; tvls |
A y ooat - 8 - B
F o
L - g
Sl = r
by .
Lysate microarrdy (RPPA) : Antshody microarmay

Fig. 16: Main procedures i vitro studies on transfected cells.
Both microarray techniques are explained in themaicay section.

1.5.1 HEK293 cell cultures

The HEK293 cell line, derived from human embryokidney cells, has been
extensively used as an expression tool for recoambimproteins. Although of
epithelial origin, its biochemical machinery is aeéje of carrying out most of the
post-translational folding and processing requi@denerate functional, mature
protein [209]. The principal characteristics ofdbecells are their quick and easy
reproduction and maintenance, amenability and Hfficiency of transfection
using a wide variety of methods. These, and otltgibates, also mean that
biochemical and cell biological evaluations of esqmed proteins can be
performed in concert with functional analyses.

HEK293 cells grow adherent in T75 flasks at 37°Cam atmosphere of 95%
air/5% CQ and remain biochemically active at 50-70% conftyehe cells are
expected to double approximately every 12 hourss Géll line requires complete
DMEM High glucose 90% medium (Life Technology) slgmpented with
Gentamycin (final concentration 0.1%), 10%FCS a#dl2glutamine.
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1.5.2 Transfection

The ability to generate HEK cell phenotypes by itmeoduction of exogenous
nucleic acid depends on a range of transfectiomigoes Lipofectamine™ 2000
(Life Technologies) represents one of the morerrecationic lipid encapsulation
reagents which deliver DNA to the cells by fusiamdancorporation of lipid
microsomes into the cells' lipid bilayer.

After the transfection, the cells are able to egxpreumarwild-type or mutated
(p.R334W or p.E383KICARD15/NOD2gene. These exogenous proteins should
be recognized by the N-terminal FLAG sequence.

Preparing cultures

HEK293 cells were seeded in 6-well plates incongpl@MEM without
Gentamycin. The density of cells must be sufficienachieve 70% confluence at
the time of transfection.

Transfection technique
Each construct was transfected in triplicate, iasheg the likelihood of positive
transfected cells.
The following protocol is to intend for single well
= Prepare for each construct two dilutions: one vathug/pl of plasmid
DNA in a final volume of 250ul of DMEM reduced sarumedium, the
other with 10ul of Lipofectamine™ 2000 in 240ul DBMEM reduced
serum medium.
= Add the diluted plasmid DNA to the diluted Lipofanotine™ 2000, mix
and incubate for 20min at room temperature
= In the meantime, discard the medium in 6-well platel add DMEM
reduced serum medium
= Add the mixing DNA/Lipofectamine drop by drop anttiubate at 37°C
for 6hours
» Discard the medium and add complete DMEM mediunintoease the
proliferative growth.
= After 48hours post-transfection, the positive HER2%ells were
undergone to selection with Geneticin G418 [0.8mip/
= The three transfected cell lines are maintaineseiection, let expanding
in T75 flasks and froze.

1.5.3 Localization of NOD2

The aim of this experiment is to localize in thensfected HEK293 cells theld-
typeand the two mutated NOD2 protein.
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Materials and Methods

Preparing cultures
Each transfected cell cultures were seeded in 6-plates in duplicate and
allowed to growth in ethanol flame-cleaned covessicoated with poly-I-lysine
solution (Sigma Aldrich). The working density of llsewas around 70%
confluence. Before proceeding with the immunoflgsoence assay, it is necessary
to fix and permeabilize the cells to ensure freeeas of the antibody to its
antigen. Perfect fixation would immobilize the geins, while retaining authentic
cellular and subcellular architecture and perngttinnhindered access of
antibodies to all cells and subcellular compartmentFixation with
Methanol/Acetone would also permeabilize the ¢edisoving lipids and creating
holes in membrane.

= Discard the medium and wash each well three timdsRBS

= Add 2ml of Methanol/Acetone 1:1 and incubate af€@r 20min

= Discard the fixative solution, cover and store2ft°C

Immunostaining
Each transfected and fixated cell cultures were ewgmhe to indirect
immunofluorescence, using a specific primary arthbagainst N-terminal FLAG
sequence of exogenous NOD2.
= Hydrate each well with PBS for 10min at room tenapere
= To avoid aspecific binding, each coverglass istéiavith PBS+1%BSA
for 1hour at room temperature
= Wash twice with PBS for 5min each
= Pour drop by drop 100ul of primary antibody ANTIA&G (Sigma
Aldrich) at 1:300 in PBS+1%BSA and incubate O/N44C in humid
atmosphere.
» Wash 3 times with PBS for 5min each at room tentpeza
= Pour drop by drop 100ul of secondary antibdgly3-conjugated Anti-
Rabbit (Listarfish) at 1:400 in PBS+1%BSA and incubate rabm
temperature for 1hour in the dark.
= Wash 3 times with PBS for 5min each at room tentpeza
= Mounting each coverslip in a ethanol flame-cleaskde with mounting
solution containg DAPI at 1:10,000.
= Store the slides at 4°C in the dark

Confocal Imaging

Slides were inspected and photographed using érstoptical fluorescence
microscope (Leika 5000) and then a confocal flumeas microscope (Radiance
2000, BioRad) using multitracking (line switchinggr two-colours imaging

(40X). Image acquisition was performed with Laséraip Scanning software
(Bio-Rad Laboratories). The fluorescence microscoyges used to visualize
fluorescent tagged proteins and blue-fluorescentlenu whereas confocal
fluorescent microscopy was used to accentuate@haaBure of the samples.
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1.5.4 Proteins expression

The aim of these experiments is to evaluate theesgmpn ofwild-type and
mutated (p.R334W and p.E383K) NOD2 proteins aftgoosition to relevant
pathogen-associated molecular patterns (PAMPs)th&ngoal is to investigate
the NF«xB pathway activation through indirect evaluationpbiosphorylation of
NF-kB inhibitor, IKBa.

Stimulation and lysis of cells

A selection of PAMPs were used as stimuli to trigthe inflammatory response
associated to NOD2. The pathogen-associated malepatterns (PAMPS) are a
diverse set of microbial molecules which share mlmer of different recognizable
biochemical features that alert the organism toutihg pathogens [210]. In
literature, NOD2 is described as a general deteofomtracellular invasive
bacterial infections, sensing small peptides sgcimaramyl dipeptide (MDP), a
degradation product from both Gram-positive and nGreegative bacterial
peptidoglycan [64].

= The three transfected HEK293 cell lines are seededuplicate at 10
cell/ml in 6 well-plate and grown in complete DMENREedium.

= One day before stimulation, the culture medium waplaced by
starvation medium, i.e. serum free DMEM medium. gbal of starvation
is to stop the cellular proliferation in order tgnshronize cell cycle and
reduce unwanted signalling effects.

The experimental condition used was the same taliiésrent hypotesis:
= different concentrations of MDP, to test the sevisjtof the cells;
= different concentrations of MDP, to observe thesamuences of NkB
signalling pathway.

For the "sensitivity" experiment and also cytokidesection:
= Add drop by drop different concentrations MDP [Onf/ 1pg/ml,
10pg/ml, 50pg/ml, 100pg/mi]
= Stimulate for 7hours or 24hours at 37°C
= At the proper time, collect the surnatants, lysedélls and store at -80°C

For the NF«B pathway activation experiment:

= Stimulate with MDP [Ong/ml, 1pug/ml, 10pug/ml] andleat surnatants and
lysated cells after 7 or 24hours
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Materials and Methods

The lysis protocol followed these steps:

= Wash the cells twice with ice-cold PBS

= Add 200ul of Lysis Buffer, composed by 1X RIPA herffan 1X
Phosphatase and protease inhibitor (Thermo Sd®ntdnd 5U/ml
Benzonase (Sigma Aldrich).

= Keep the plate on ice for 20min shaking frequently

= Scrape each well and collect the lysates in priechiubes

» Centrifuge at 16,00axfor 10min at 4°C

= Store the surnatants at -80°C

BCA assay

To assess yields in whole cell lysates, the BCAaysShermo Scientific)
measures the absorbance at 562nm of total probenpared to a protein standard.
The method relies on the formation of a’Gprotein complex under alkaline
conditions, followed by reduction of the €uo CUu*. The amount of reduction is
proportional to the protein present in the lysatachples.

Protein detection (electrophoresis and Westerntioig}
Separation of proteins was achieved through an BRGE gel according to the
Laemmli method [211], whereas detection of theginst of interest was achieved
by ECL Western blotting. This technique is a ligihitting non-radioactive
method performed by the oxidation of luminol by tH®P in the presence of
phenols.
» Prepare samples adding 1.3ug/ul of lysates in 201X SDS loading
buffer (SDS and 1)8-mercaptoethanol)
» Add Blue Bromophenol powder and heatthe sampl85%&t for S5min
= Place the gel into Western tank. The wells facimgards with blank on
other side if only running one gel.
= Load 30ul into each well of the 4-20% precast Bilgcine gel (Novex,
Life Technology)
» Load 5ul in the first well of Spectra™ Multicolo&road Range Protein
Ladder (Thermo Scientist) to check the transfemfigel to membrane
» Load 5ul in the last well of MagicMark™ XP WestdPnotein Standard
(Life Technologies) specifically designed for ECételction
= Gels were run at 150V for 90min in 1X running buft@ris/Glycine/SDS
buffer, BioRad) using a XCellSureLockTM Mini-Celhd Novex Power
Ease 500 Power Supply (Life Technologies)
After electrophoresis, proteins were transfecteditoocellulose membrane by
wet transfer and detected by Chemiluminescence thighspecific primary and
secondary HRP labelled antibodies listed in Tab. 3.
= Soak blotting papers, sponges and nitrocelluloselonane in 1X transfer
buffer (Tris/Glycine buffer, 20% Methanol)
= Prepare the blotter as the follow diagram:
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Protein transfection took place under 125mA foriso

Block non-specific binding site soaking the memlesann 25ml of
blocking buffer (5% non-fat dried milk, 0.1% v/v ®&n20 in TBS) for
1lhour at room temperature on a shaker

Rinse the membranes 3 times for 5min each in 1B8-Tween20
Incubate the membranes with 10ml primary antibodigged 1:1,000 in
5%BSA/TBS/Tween20 O/N at 4°C with shaking.

Wash the membranes 3 times for 5min each in 15n8-T®&een20
Incubate the membranes with 10ml secondary Horsdraoeroxidase
conjugate antibodies (1:2,000) for 1hour at roomgerature on shaking
Wash the membranes for 5min in 15ml TBS-Tween20

Incubate the membranes with 4ml Enhanced Chemilescence (ECL)
Detection Reagent (GE healthcare) for 1min

In a film case, overlay the enveloped membranel wisheet of Kodak
film for different exposure time (5sec to 30min)

Soak the film in Developer solution (Sigma Aldrichx in Fixer solution
(Sigma Aldrich), wash in water and dry

ImageJ software was used to measure the denditiee tesulting bands.

PRIMARY ANTIBODIES SECONDAAR,:TT;gD?SSNJUGATED
ANTI-NOD2 1250  eBioscience H?;i’;iﬁggte 4 12000 Dako
ANTI-IKBa  1:1,000 Cell Signaling Hggtgg?;‘;;e , 12000  Dako

All\'glf 1:1,000  Cell Signaling

Tab. 3: List of primary and secondary antibodies usedNastern Blotting.

The ANTI-NOD2 was a mouse antibody, whereas ANTB#Kand ANTI-P IKBx were rabbit

antibodies.
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Following ECL detection, it is possible to compleeEmove the primary and
secondary antibodies from the membranes to seglieaprobing of membrane
several times.
= Submerge the membrane in Stripping buffer (100fMercaptoethanol,
2% SDS, 62.5mM Tris-HCI pH 6.7) and incubate atG@3r30 min with
occasional agitation.
= Wash the membrane twice for 10min each in TBS-T®6eat room
temperature.
= Block the membrane with Blocking buffer (5% non-figied milk in TBS-
Tween20) for 1 hour at room temperature.
= Repeat the immuno detection protocol, adding prymand secondary
antibody as above

2 Microarray experiments

2.1 Samples

The microarray-based proteomic technologies desdrilm this chapter have
employed different kind of samples: lysated perrphblood mononuclear cells
(PBMCs) and sera from subjects affected by autmmnifhatory diseases; lysates
and surnatants fromvild-typeand mutated NOD2-transfected cells.

Concerning the transfected cells, most of the samplere described in the
previous section. In addition, the transfected HEK2ells underwent to another
lysis experiment. The NE-PER® Nuclear and CytoplasBxtraction Reagents
(Pierce, Thermo Scientific) enabled stepwise sejoaraand preparation of
cytoplasmic and nuclear extracts from cultured sceNuclear extracts are
generally preferred to whole cell lysates for gesgulation studies.

After stimulation ofwild-type and mutated (p.R334W and p.E383K) cells with
MDP [10pg/ml] for 7hours, the cultures were trypsad and cellular pellet was
collected as dry as possible. Following the companoyocol's steps, the addition
of Cytoplasmic Extraction Reagents allows to obthia cytoplasmic fraction in
surnatants. Further processing of obtained pelitt iwe-cold Nuclear Extractio
Reagent concentrates the nuclear fraction in samhaBoth extracts are then
stored at -80°C.

Besides the transfected cells, the other samplexi dsr the microarray
experiments were PBMCs and sera from 40 patienfisctafl by different
autoinflammatory diseases such as FMF, TRAPS, MBKu syndrome, Still’'s
disease, Behcet disease, CAPS. All patients undeérgenetic screening for
mutations on the genes involved in periodic fevdardlammasome-related
diseases and Blau syndrome, using standardisedi¢ees. In addition to the
patients, 27 samples from healthy controls subjete collected.
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Tab. 4 summarizes all observed mutations and patymems, therapy and other
information useful to depict each patient.

Single paired samples of blood were collected fgatents and healthy controls
on approval of the Hospital of Padova Ethics Cortesitfor Clinical Research.
Sera were obtained by centrifugation of blood sasph a single-clot tube at
400> for 10min. PBMCs were isolated by Ficoll-densityadient separation, as
describe previously but then the cells were lysated stored as in the follow
protocol to be ready for microarray assays.

= Centrifuge the PBMCs at 40Qfor 10min at room temperature.

= Pour off the supernatant and wash the pellet WBB.RCentrifuge cells at
400x%g for 10 minutes at room temperature.

» Pour off the supernatant and add 100ul of lysiseouRIPA Buffer, 1X
Protease Phosphatase Inhibitors 100X EDTA FreenbBénzonase).

» Incubate the tube in ice and vortex for 15sec ewmyn, for a total of
30min.

= Centrifuge the tubes at 10,0@Pfor 10min at 4°C.

= Aliquot 30ul of lysated in eppendorf tubes and &diul of 4XSDS
solution (0.25% M TrisHCI ph 6.8, 30% Glycerol, 8®S and 109§-
mercaptoethanol)

= Boil at 95°C for 5min then spin the tubes.

= Store the tubes at -80.
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Tab. 4: Database of 40 enrolled patients (A) and healtmirots (B) used for microarray experiments presgimethis thesis.
A. Classification of patients.Subjects from P1 to P29 refer to UOC Reumatoldfriarersity of Padua, whereas subjects from P304 Belong to the Research Centre
of Autoimmune and autoinflammatory diseases-Siena

o

N. | SEX AGE DISEASE GENE MUTATIONS POLYMORPHISMS TRE ATMENTS
€.78+61 A>G, ¢.510C>T, ¢.632-18A>G, Cyclosporine 200mg/day,
Pl M 19/12/1969 Behcet MVK / €.885+24G>A Colchicine 1g/day
P2 M 22/07/1988 Still MVK S52N (hetero) Kineret 100mg/day
P3 F 15/10/1974] Still MVK / €.371+8C>T, ¢.632-18A>G Colchicine 1g/day
P4 F 27/04/1980] Still MVK / €.371+8C>T, ¢.632-18A>G Methotrexate
P5 M 02/05/1942 TRAPS TNFRSF1A S59P (hetero Methyprednisolone 4mg
P6 F 04/01/1982 FMF MEFV E148Q (hetero Colchicine until 2 years ag
MVK, MVK: c78+61A>G, c632-18 A>G, ¢.885+24 G>A -
Pr| F | 2500471967, Behcet|  r\rpsria ! TNFRSF1A: ¢.473-33 C>T, ¢.625+10 A>G Colchicine
P8 F 15/11/1980, Behcet negative for MV Kineret
P9 29/04/1953 Blau NOD2 E383K (heterg Humira 40mg for 14 days
P10 30/03/1978 Blau NOD2 E383K (heterg None
MEFV. MVK MEFV: E148Q, MEFV: R314R, E474E, D510D, Q474Q
P11 F 19/09/1964 FMF TNFR,SFlA’ M680I MVK: D170D, c.632-18A>G, c.885+24G>A Colchicine 1mg/day
MVK: S52N TNFRSF1A: c.473-33C>T, ¢.625+10C>T
MEFV, ) MEFV: G138G, A165A, E4A74E, D510D, Q474( -
P12 M 14/10/1974 FMF TNFRSFIA MEFV: R202Q TNFRSF1A: ¢.473-33C>T Colchicine
P13| M 04/04/1972 Still TNFRSF1A / €.625+10C>T None
P14 M 01/11/1951 Still TNFRSF1A / €.625+10C>T prisdfone 2,5 mg/day
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P15 01/06/1985 BEHCET MVK / D170D, C.632-18AX(5885+24G>A STEROIDS ON DEMANL
MEFV: R314R
P16 20/07/1993  FMF MEFV, MVK / MVK: D170D, c.632-18A>G, c.885+24G>A None
MEFV, MEFV: D102D, G138G, A165A
P17 01/07/1966 TRAPS TNFRSF1A, R92Q (hetero) TNFRSF1A: c.625+10A>G Infliximab
MVK MVK: ¢.885+24G>A
P18 16/09/1975 Schnitzel No screening Kineret
P19 13/08/1967] Still No screening Kineret
P20 04/06/1968 Still No screening Kineret
MEFV, MEFV: E148Q, -
: €.625+10A>
P21 31/05/1978 FMF TNERSF1A P369S(hetero) TNFRSF1A: c.625+10A>G Colchicine
MVK, MEFV: R314R;
P22 10/04/1990)  TRAPS | 1\rRsF1A ! TRAPS: ¢.625+10A>G, ¢.626-32G>T None
P23 15/11/1980 Behcet negative for MK Kineret
TRAPS+ MEFV, MEFV: D102D, G138G,A165A, R202Q, R314R
P24 21/08/1985 Behcet TNFRSF1A, / TNFRSF1A: c.625+10A>G Colchicine 1g/day
¢ MVK MVK: ¢.885+24G>A
P25 01/06/1985 Behcet MVK D170D, c.632-18A>G, c.885+24G>A Steroids on demand
Behcet MVK, MEFV: D102D, G138G,A165A, R202Q, R314R ..
P26 02/05/1955 vk TNFRSF1A ! TNFRSF1A: ¢.625+10A>G Colchicine
MVK: c78+61A>G, c632-18 A>G, c.885+24 G> -
p27 25/04/1967 Behcet MVK, TNFR1A / TNFRSFIA: ¢.473-33 C>T.c.625+10 A>G Colchicine
P28 26/06/1987 Behcet No screening None
MEFV, MEFV: D102D,R314R,D723D
P29 16/01/1948 Still TNFRSF1A, / TNFRSF1A: c.473-33C>T Anti-IL1ra
MVK MVK: D170D, c.632-18A>G, ¢.885+24G>A
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P30 M 28/06/1998 MKD MVK V3771 (HOMO) N.P. UNKNOWN
P31 M 10/03/1976 FMF MEFV M694I (hetero) n.p. None
P32 F 06/04/1976 TRAPS TNFRSF1A VI95M (hetero) n.p. Canakinunab
150mg/8weeks

P33 M 31/07/1978 TRAPS TNFRSF1A delY103-R104 n.p. Etanercept 50mg/week
P34 M 02/10/1974 NAPS12 NLRP12 G448A (hetero) n.p. None
P35 M 07/12/1980 TRAPS TNFRSF1A T50M (hetero) None
P36 F 31/07/1958 TRAPS TNFRSF1A R104Q (hetero) n.p. Anakinra 100mg/day
P37 M 03/12/1971 TRAPS TNFRSF1A T50M (hetero) n.p. Anakinra 100mg/day
P38 M 31/07/1978 TRAPS TNFRSF1A R92Q (hetero) n.p. None
P39 F 01/01/1994 TRAPS TNFRSF1A D12E (hetero) n.p. Anakinra 100mg/day
P40 F 17/08/1956 TRAPS TNFRSF1A R92Q (hetero) n.p. Anakinra 100mg/day
B. Classification of healthy controls.

N. SEX | AGE || N. SEX | AGE || N. SEX | AGE N. SEX | AGE

1 F 25 F 47 15 F 39 H4 M 35

2 F 41 9 F 55 16 M 41 H5 M 39

3 F 30 10 F 32 17 F 33 H6 M 33

4 F 32 11 M 24 18 F 29 H7 F 55

5 M 30 12 F 53 || H1 M 15 H8 M 42

6 M 46 13 M 34 || H2 M 37 H9 M 30

7 F 46 14 F 32 H3 F 37




2.2 Reverse Phase Protein Arra

Reverse Phase ProteinrAy (RPPA) techniquwas optimzed and used to stut
different signalling pathway in transfected HEK293 and in PBMC pétients in
comparison to healthgontrds. Fig. 17 shows the princigef this asse.

Arrayer

Cell lysates

Second antibody-
reporter

- Primary antibody
Analyte
functionalized
o — slide
4 7
. e / 4 N
.o

PNFKB/P IKKalb

Analysis of data

Probing

Fig. 17: Principlesof RPPA microarra

Lysated cells were prepared in -well plates in SDS sample and spotted on the retholose
slide by a MicroGrid Il robot. The slides were pedbwith Immunohistochemical staining a
protein expressions were calculated using ree phase protein analizer (RPPanalizer). The
were graphically presented as heatmaps, scatteopéiuster density mag

2.2.1 Protocol

The cells lysates wer®aded into a 3¢-well plate (Genetix, UK) and serial
diluted 3times in 1X SDS buffe (4XSDS diluted in lysis buffer, previousl
described).

Normalization of theproteir of interest waschieved through the detection of
housekeeping proteir-actin is expected to be pressed at a constant lev
unaffected by the experimental conditions.ing the neainfrared detection
technique, it was possible to incubate antibody resjdi-actin from differeni
species together with the target specific antibodied detect these at a differ
wavelength. Using this approach, the normalizenaigand he target specifi
signal were generated from the same (Fig. 18). Al infrared dye (IRD)
artibodies were purchased from LICOR Bioscie

Printing sample
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Materials and Methods

Samples were spotted onto nitrocellulose-coatedssglslides (FASTSIides,
Whatman, Schleicher&Schuell) with a microarrayeriqidGridll, BioRobotics
Inc.) using silicon pins. Before starting up pmgfithe slides, the arrayer was set
as following:

Replace the main wash station with clean distiieder.

Clean the silicon pin heating in the oxidizing flermnd wash twice in the
wash station

Edit the array pattern, the pitch between spotstaadormat

Adjust the target height at 0.5mm (distance the rpoves towards the
slide) and the dwell time at 0.5sec (time the @nges on the slide).
Optimise the humidity of the arrayer to 60% to v samples
evaporation from the plate and the pin

Probing slides
Make sure all reagents and chemicals up to roompéeature

Place the printed slides in slide holders, ensueach nitrocellulose pad
fit in the holder.

Block the slides adding in each pad 200ul of I-Rldwuffer prepared
dissolving 50mg I-block powder (Applied Biosysteim)25ml of PBS-
0.01%Tween 20

Cover the slides to prevent evaporation and leaid & 4°C with
constant rocking.

Prepare 200ul dilution of each antibody (see Amtibs list in Tab. 5) in
antibody Diluent (Dako) with 1:1,000 mouse monodloranti-Actin
antibody (Sigma Aldrich)

Discard the I-block buffer and wash 5 times for 8raach with 1X TBS-
0.01%Tween20 with constant rocking

Add each antibody dilution in the correct pad andec with foil to avoid
evaporation

Leave the slides O/N at 4°C with constant rocking

Prepare dilution of infrared secondary antibodiesi-@bbit and anti-
mouse 1:5,000 in 1X TBS-0.01%Tween20

Wash the slides 5 times for 3min each with 1X TB&t@Tween20 with
constant rocking

Add 200ul of the diluted secondary antibodies ichegad

Incubate for 30min at room temperature with cortstacking and foil
cover

Wash the slides 5 times for 3min each with 1X TB&t@6Tween20 with
constant rocking

Disassemble the slide holders and rinse the shdtbsultra pure water
Dry the slides by centrifugation at 50for 5min

Scan the slides with an Near-Infrared Odyssey sranihl-COR,
Biosciences) with high resolution (21um) in bothachels 700nm and
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800nm for detection of ar-mouse and antiabbit secondary antibodi

respectively.
700nm 1 800nm
«

Fig. 18: Near Infrared detection of signa
The arrayed slide was incubated with primary amtjbfollowed by secondary antibodicabelled
with infrared dye againgt-actin(red colour at 700nm) or target proteins (greelour a 800nm).

Analysis of microarrg data

The RPPA data analysis consists of calculatingctimeentration of each sampl
after background correction and normalization, gsiignal intensities data gain
from a image softwarédxon GenePix Pro-6 Microarray Imadealysis software
was the bioinformaticsool used to determine theaw signal intensities of tr
spots generatingpr files. RPPanalyzer, was the module desigfedthe R
statisticallanguage that was developey Mannsperger and colleagues [] to
read RPPA data and to perform the basic analysihem.lIt is opensourct and
freely available as an -package on the CRAN platformht{p://cran.-
project.org).

» After scanning the slides with LICOR Odyss save the image @l16-bit
gray scale TIFFile

« Import in GenePix Pro software each scanned imaddlee gal file save
from the arrayer. This file gavepecific information about the locatio
size, and name of each spot on the ¢

« Combine together ose files to obtain the gpr files. These tab deéd
text files contain the localizatic an identificationvariable of the sample
on thearray and a fluorescence intensity that repregbpetsaw expressio
values.

e Prepare two additional sources cformation. The sample description
holds all phenadata of the individual samples, describing
corresponding position in the source well platee Shde description fi,
containingthe description of the array features and the médion of the
antibodies usedgpresents the feature data of the experiment eowides
the key to link the corresponding GPR fil

* Import data in R, opesorce platform for statistical and bioinformat
method exchangel3],and generate a list (Bbject) of four component
The first element contains a matrix of foregrourghals (pixel intensitie
per spot) and the second element corresponds &b b@ckground. Th
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Materials and Methods

third and fourth elements contain the feature amenptypic information
respectively.

» Correct the background using the subtract method.

» Calculate the relative protein concentration bycwlating the median of
the replicate spots at the highest concentratitimeifsample dilution series
showed linear correlation with the total proteimcentration [214].

* Normalize the data to correct differences of tptaltein concentration on
the spot which resulted from preparation and spgttif the samples. The
level of each antibody signal was adjusted to theskkeeping protein
signal @-actin) from the same spot. That means every iddadi spot had
its own normaliser signal, providing the most aetedata.

The data, exported in excel files, could be viaemi and undergone to other
statistical analysis. Their significance was testisthg non-parametric analysis
and graphed with GraphPad Prisms5 software. P waiseconsidered significant
if it is less than 0.05. Column and scatter graplese used to visualize the
distribution of the data points in order to ass#fferential expression of proteins
in comparison to a control group. Heatmaps werdhamaool to visualize the

protein expression and show structures of the @#tathe use of a hierarchical
clustering. To obtain heatmaps, the normalized da&td extra manipulations,
such as be transformed in log2 and adjusted fdinieal variability inside an

array using the dye effect correction. To creatd analyse heatmaps, in this
thesis | used both MeV software and J-Express Bftware. MeV software is a

tool for data analysis that provides an intuitivaghical interface for clustering,
classification and statistical tests. J-Express iPrihhe best choice for clustering
analysis, in particular supervised cluster analgais self-organizing maps.

2.2.2 Antibodies

Testing primary antibodies:
In reverse phase protein arrays, the primary adi#@soused for the detection of
specific antigen in the printed lysates should dstetd before use, to ensure that
each antibody provides a defined single specifgmai band. In this study the
primary antibodies were tested by Western Blotriegre.
= Mix together lysates of different cell lines undeifferent treatment
conditions
» Prepare loading samples adding mixing lysates irSD§ loading buffer
(SDS and 13-mercaptoethanol) at 1:4 dilution
= Add Blue Bromophenol powder and heatthe loadingpdesnat 95°C for
5min
= Load 200ul into in the single well of a precast 12%s Glycine Gel
(Novex, Life Technologies)
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= Run to separate the proteins and transfer to aceiflulose membrane as
describe previously (1.5.3)

= Block non-specific binding site soaking the memlsann 25ml of
blocking buffer (5% non-fat dried milk, 0.1% v/v B&an20 in TBS) for
1lhour at room temperature on a shaker

* Rinse the membranes 3 times for 5min each in 18B8-Tween20

» Insert the membrane in a blotter (Miniblotter, Immatics)

= Add 200ul primary antibodies in each separate singmbers created by
the blotter.

= Dilute the primary antibodies 1:1,000 in 5%BSA/TB®&Een20 O/N at
4°C with shaking.

= Wash the membranes 3 times for 5min each in 15n3-Ti&een20

= Detection of the bands by Chemiluminescence (EGightique as
described before.

Tab. 5: List of Primary and Secondary Antibodies used RPR experiments.
(*) All the listed Primary antibodies were produdadrabbit except ILA produced in Mouse. The
Primary antibodies were purchased from Cell Sigigliechnology® (next page).
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T.

MAPK PATHWAY

NF- KB PATHWAY

PI3/AKT PATHWAY

Antibody Dilution Antibody Dilution Antibody Dilu tion
p MKK3/MKKG6 (Ser189/Ser207) 1;100 NiB 1:250 p eNOS (Serl1177) 1;500
p P38 MAPK (Thr180/Tyr182) 1;1,000 p N&B p65 (Ser536) 1:100 p BAD (Ser136) 1;500
p SAPK/INK (Thr183/Tyr185) 1;1,000 IKB 1:100 p AKT (Thr308) 1;50
TRAF2 1;500 p IKB: (Ser32) 1:500 p AKT (Ser4d73) 1;25
TRAF6 1;500 IKKa. 1:250 PI3K p10a 1,250
p HSP27 (Ser82) 1;50 IKK 1:250 PI3K p85 1;250
p c-JUN (Ser63) 1;200 p IKKP (Serl76/Serl77) 1:250 p PDK1 (Ser259) 1;1,000
p ERK1/2 (Thr202/Tyr204) 1;2,000 KK 1:250 p GSK B (Ser9) 1;500
MEK1/2 1;250 p IRAK1 (Thr209) 1:3,000 p c-RAF (SB&) 1;1,000
p MEK1/2 (Ser217/Ser221) 1:250 A20/TNFAIP3 1:150 PTEN (Ser380) 1;1,000
p SEK1/MKK4 (Ser257/Thr261) 1;250
MKK7 1;100 INFLAMMASOME PATHWAY and MyD88
p TAK1 (Ser412) 1;100 Antibody Dilution
p ATF2 (Thr71) 1:250 ILB (*) 1;100 HOUSEKEEPING ANTIBODIES
p STAT1 1,250 Antibody Dilution
p STAT4 1;100 Actin (Mouse) 1:1,000
SRC/JAKISTAT3 PATHWAY ASC (TMS1) 1:150 Actin (Rabbit) 1:1,000
Antibody Dilution CASPASE1 1;250
p STAT3 (Tyr705) 1;100 CLEAVED CASPASE1 1;50
p c-SRC (Tyr416) 1;10,000 NALP1 1;150
SOCS3 1;500 BCL-XL 1;250 SECONDARY IRD ANTIBODIES
SHIP2 1;2,000 BCL-2 1;250 Antibody Dilution
p RIP2 (Serl76) 1;500 p BCL-2 1;100 Infrared Molgge 15,
p JAK2 (Tyr1007) 1;1,000 MyD88 1:50 Infrared Rabligi 1:5,000




2.3 Antibody Array

The antibodymicroarray is an arr-based system to measure cytokines and «
serum proteins levels from transfected cells samtat and sera from b
autoinflammatory diseases patients and healthyraist

This technique is summarizedFig. 19.

Arrayer

Capture
Antibodies

i [

PP I

< -
| S R -
| —————

Analysis of data

Fig. 19: Principles of antibodynicroarray

Capture antibodies dilutions were prepared in-well plates and spotted on the f-I-lysine
slide by a MicroGrid Il robot. A cocktail of reconmant protein standards are added to the sl
along with serum, to enable quantification. A cocktail lmbtinylated detection antibodies ¢
added to each block followed by amplification usiRjo-Rad Amplification Reagen
Streptavidineonjugated cy5 is finally added and read serumigeviecytokines ¢e calculated. Th
data were graphically presented as column or tiouese plot-

2.3.1 Protocol

The following protocol varies related to the samsleat have to be tested. Ser
needs amplification of the microarray signals emwivam the signal detectio
whereas it isnot necessary for surnatants. There are differeathous o
amplification that an be used. whave tested either a kit based on dendrime!
fluorescent dyes (Ultra Amp™, Genisphere) or a coemnused Tyramid
amplification (BioRad Amplification Reager, presented in Fig. 20To avoid
non specific background especially due to sies containing abundant quantit
of biotin-bindng protein , Avidin/Biotin blocking kit (Invitrogen)was testel
before detection with Streptavidin Secondary Ardies
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Materials and Methods

Printing step
Be sure that Capture Antibodies and Printing Buffere at room temperature

Add 100pg/ml of each Capture antibody in 384wedkte) diluting them in

Printing Buffer (50mM Trehalose, 1X PBS, 0.01% Tw&8) as shown in
Tab. 6

Spot Capture antibodies onto poly-I-lysine coatéalsg slides (Sigma
Aldrich) with a microarrayer (MicroGrid I, BioRolias Inc.) using

silicon pins.

Before starting up printing the slides, set up Hreayer as previous
described for RPPA.

Probing slides
Make sure all reagents and chemicals up to roompéeature

The following protocol is for sera samples. It désed Avidin/Biotin block
(within square brackets) amglitra Amp™ amplification (within curly brackets):

Block the slides with I-Block (dissolving 50mg ldak powder in 25ml of
PBS-0.01%Tween 20) adding 300nto each pad and incubate on the
shaker at room temperature for 1hour.

Prepare the Standard Antibodies Master Mix, mixatigghe cytokines to
be tested at top concentration of 1,000pg/ml eacAOQul of Reagent
Diluent

Prepare a serial dilution from the Master Mix ina@ent Diluent as:
1,000pg/ml, 500pg/ml, 250pg/ml, 125pg/ml, 62.5pg/nd1.3pg/ml,
15.5pg/ml, 7.8pg/ml and Opg/ml (Blank)

Wash the slide 3 times with PBS-0.01%Tween20 foin3each with
constant rocking

Add 10Qul of Standard Antibodies dilution and sera one aglepad and
incubate 1hour with constant rocking

Wash the slides 3 times with PBS-0.01%Tween20 foin3each with
constant rocking

Apply 2 drops of Avidin in each pad and incubate f®min at roor )
temperature

Wash 6 times for 1min each with PBS-0.01%Tween20

Apply 2 drops of Biotin in each pad and incubatelfdmin at room
temperature

Wash 6 times for 1min each with PBS-0.01%Tween20 )

Prepare the Detection Antibodies, mixing all theedgon Antibodies in
Reagent diluent as shown in Tab. 6

Add 10Qul of Detection Antibodies Mix to each pad and inatéolhour
with constant rocking
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addicted with DNA Blick

constant rocking

~ with constant rockin

» Rinse the slides with ultra pure we
= Spin for 5Sminat 1,200:g at room temperature
= Scan at 635nm witAxon 4200AL scanner

The Tyramide amplification is based on the horseradish pexoridase (t
catalysed deposition of reactive biotinylated tyirzaret site of immunoreactivit
[95]. The kit used in this thesis was from Biol.
= After the detection step with Detection Antibodies mig (aeported in th
protocol above), wash the slides 3 times with -0.01%Tween20 fo

3min each with constant rocki

= Add 10Qul of Streptavidin Biorad HRP at 1:1,000 formin with constan

rocking

» Wash theslides 3 times with PE-0.01%Tween20
= Add 10Qu of BioRaD AMPLIFICATION UNIT mix (Reagent2X
Reagent4X and ultra pure water at the ratio 4

(= Prepare a Ultra Amp™ stock solution at,000 in BSA1X in PB¢
< =  Wash the slides 3 times with P-0.01%Tween20 for 3min each wi

= Add 10Qul of Ultra Amp™ solution and incubate at the dask £Emin

= Wash the slides 3 times with 20%DMSO/F-0.01%Tween20

= Wash the slides 3 times with P-0.01%Tween20

= Add 10Qul of Streptavidin Cy5 prepad as 1:1,000 in 3%BSA

» Incubate for 15min with constant rocking in thek
» Rinse the slides with ultra pure we

= Spin for 5min at 1,20(g at room temperature

= Scan at 635nm with Axo4200AL scanner

Streptavidin-Fluorescence

6 Tyramide-biotin

§ Streptavidin-HRP

i Biotinylated-

ﬁﬂ@

Detection antibody

9‘

Antigen

Capture antibody

_/‘

functionalized
slide

Fig. 20: Tyramide amplification and Genisphere Ultra Amp éfigation.
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Materials and Methoc

For surnatants samples, the protocol was simildhéoprevious one withotthe
amplification steps. he detection was achieved trough Standard StrejiteCy5
Fluorescent ConjugateAntibodies.

Block the slides with-Block adding 10l to each pad and incubate
the shaker aioom temperature for 1hour

Prepare the Standard Antiboc as amix containing thecytokines at top
concentratior{1,000pg/ml) and serial dilute it in Reag&nltuent.

Do not dilute the surnatar

Wash the slide 3 times with P-0.01%Tween20 for 3min each on 1
shaker.

Add 10Qul of Standard Antibodies and samples dilut and incubate
them on e shaker lour.

Wash the slide 3 times with P-0.01%Tween20

Dilute theDetection Antibodies in Reagent Diluent and addul to each
pad

Incubate the slides on the shakeour

Wash the slides 3 tim with PBS-0.01%Tween20

Add 10Qul of Streptavidin Cy5 to each péeprepared as 1:1,000 in 3
BSA.

Incubate for 1min on the shaker in the dark

Rinsethe slides with ultra pure wa

Spin for 5min at 1,200% at room temperature

Scan at 635nm witAxon 4200AL scanner

y—\\, Streptavidin-Fluorescence

Biotinylated-
Detection antibody
Antigen

W/ ¢ Capture antibody

g functionalized
slide

o O

Y

Fig. 21: Cy5 fluorescence detection at 635

Analysis of data

The antibodymicroarray data analysis consists of calculatectirecentration o
each cytokine for all the samples using a standarde and the intensity's de¢
gained from the image softwalAxon GenePix Pro-6 Micraeay Image Analysis
software was th&ioinformaics tool used to determine thaw signal intensitie
of the spots genetliag gpr files Means and Standard Deviation of the sam
were evaluated using GraphPad Prism 5 (GraphPadl, C82go, USA). The
standard data plots a linear regression line thrat least 6 points whereas 1
samples interpolates on that regression line arabsure their concentratic
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= After scanning with Axon 4200AL, save the imageaat6-bit gray scale
TIFF file

= Import in GenePix Pro software each scanned imaddtlee gal file saved
from the arrayer. This file constructs an arrayluicks to match the size
and positioning of printed features gaving spedifiormation about the
location, size, and name of each citokine printedhe slide

= Combine together those files to obtain the gpisfilEhese tab delimited
text files contain the localization and an idecttfion variable of the
samples on the array and a fluorescence intersitlyrepresents the raw
expression values.

= Create an excel file reporting the median of the expression values
without the background signal for each samplestaedgtandards

= Calculate the average and the standard deviatrogefth cytokines

» Import the average and standard deviation data fsiandards in
GraphPad Prism 5.0 software

» Plot a linear regression to obtain a standard ciowveach cytokine

= Imported the samples average and standard devidéitanand interpolate
the intensity values on the appropriate standanzecu

The data could be visualized and undergone to dattegistical analysis. Their
significance was tested using non-parametric tests graphed with GraphPad
Prisms5 software. Column and scatter graphs weed us visualize the

distribution of the data points in order to ass#ifferential level of cytokines in

comparison to a control group.

2.3.2 Antibodies

In antibody microarray, the set of antibodies ugmdcapture and detect each
specific analyte was purchased from the DuoSet ELK8 (R&D). Each kit
contains the basic components required for theldpreent of sandwich ELISAs
to measure a specific cytokine: capture antibodytinylated detection antibody
and a protein standard.

In the following Tab. 6, all the antibodies used timese assays are listed,
correlated with the working concentrations.
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A
CAPTURE DETECTION PROTEIN
CYTOKINE ANTIBODY ANTIBODY STANDARD
IL1p Ci 720 pg/ml Ci 36 pg/ml Ci 90 ng/ml
C:100 pg/ml C:200ng/ml C:1,000pg/ml
L6 Ci 350 pg/ml Ci9 pg/ml Ci 120 ng/ml
C:100 pg/ml C:50ng/ml C¢1,000 pg/ml
LS Ci 720 pg/ml Ci 3.6 pg/mi Ci 100 ng/ml
C¢100 pg/ml C:20ng/ml C:1,000 pg/mi
TNFo Ci 720 pg/ml Ci90 pg/ml Ci 370 ng/ml
C:100 pg/ml C:500ng/ml C¢1,000 pg/ml
IFNy Ci 720 pg/ml Ci9 pg/ml Ci 55ng/ml
C¢100 pg/ml C:50ng/ml C:1,000 pg/mi
IL17 Ci 720 pg/ml G 27 pg/ml Ci 25ng/ml
C¢100 pg/ml C: 150ng/ml C:1,000 pg/mi
IL12 Ci 720 pg/ml Ci 18 pg/ml Ci 210 ng/ml
C:100 pg/ml C:100ng/ml C¢1,000 pg/ml
IL22 Ci 360 pg/ml Ci 45 pg/ml Ci 340 ng/ml
C¢100 pg/ml C:250ng/ml C:1,000 pg/mi
IL23 Ci 1,080 pg/mi C 72 pg/ml Ci 530 ng/ml
C:100 pg/ml C:400ng/ml C¢1,000 pg/ml
B
ANTIBODY DILUTION COMPANY
Streptavidin Cy5 1:1,000 Life Technology
Streptavidin HRP 1:1,000 BioRad

Tab. 6: List of antibodies for microarray assay.

A) List of antibodies and concentrations used irtidady Microarray assays. All of them were
purchased from R&D. Gtands for initial concentration, wheregdd® final concentration.

B) Streptavidin antibodies used for amplificatiarbiotinylated complex detection.

77



78



Results

RESULTS

1 Genetic and functional studies on Blau syndrome

1.1 Mutation screening of CARD15/NOD2 gene

The caspase recruitment domain g€&#RD15/NOD2has been mapped in the
chromosomal region 16q12.1-13 [42]. The identifamatof CARD15/NOD2as
the gene responsible for Blau syndrome was the miajeakthrough for BS
research [215]. Up to date, 11 Blau-associated tgemeutations have been
identified within this gene, almost in heterozygatgte. Two of these mutations
(p-R334Q and p.R334W) account for more than 50%h®imutated alleles [216],
making codon 334 a genetic hot spot for mutatioRg.(21). The genetic
sequence ofCARD15/NOD2 composed of 11 exons, was also divided into
fragments in order to easily amplified and analjz= gene. The exon 4 was for
example split into 5 amplicons, due to its len@imce all the mutations known to
be correlated with BS are located in exon 4, ohlg sequence underwent to the
genetic screening.

In 2005, van Duist and colleagues have found a meuation p.E383K in the
only Italian family affected by BS [56]. We havepeated the screening for BS
mutations in this family, including the new membersing denaturing high-
performance liquid chromatography (DHPLC) and sghset direct DNA
sequencing.

EXON 4 MUTATION: c.1147 G>A — p.E383K

DHPLC analysis and sequencing showed only a nudkatariation in all the
affected subjects (Fig. 22A and B). The mutatiotecked was the already found
€.1147G>A leading to a missense variation Glu383hyexon 4. All other family
members screened for such mutations resulted wmegédr CARD15/NOD2
mutations. Sequence alignment of the involveli dxon fragment of
CARD15/NOD2 with corresponding sequencediffierent mammals shows that
p.E383K mutation occurred in a conserved sequence.
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Fig. 22:¢.1147 G>A— p.E383K.

A) DHPLC elution profiles ofCARD15/NOD. exon 4 amplicon: two peaks were observed
the patient (in violet), compared with the singkakof the control (in greenjhis abnormal
elution profile was due to a heterozygous subsitut(c.1147G>A), as shown by DN
sequencing (B). C) The aminoacid involved in thigtation (Glu383) is known to be a resic
conserved among different spec D) Fom Infevers database, the genetic and clir
information about this variatiofittp:/fmf.igh.cnrs.fr/ISSAID/infevers/index.php
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1.2 Functional analysis of mutant p.E383K NOD2 proteil

To evaluatepathogenic potentials of ttNOD2 missense mutation E383K,
full-length wild-type cDNA was directionally cloned in eukaryotic expliess
vector to obtain a fusion protein with FLA(Furthermore, we us: NOD2
carrying p.R334W mutation as positive control, since this variation one of
the most frequent and deeply stuc in Blau syndromg(Fig. 23A) Mutated
proteins carrying p.E38Z were obtained by site directed mutagenesis of
wild-type construct.p.R334W mutated proteins derived instesom cut and
paste technique between tlwild-type construct and the mutated cod
sequence (Fig. 23B)

A

- CARD15/NOD2 plasmid

“--.-.-- . pCMVTag2e - p.E383K

CCTTTGEATGGCTITTGRACRAGTTCAAGTTICAGSTT

CCITTGATGGCTTITGRACGAGTTCRAAGTITICRAGGTT

®

1Kb 100bp

CCITIGATGGCTTITGACAAGTITCARGITCRAGGTT

PUC 0] P OMY
pCMVTag2c pcDNA3-

.R334W NOD2
sk pCMV-Tag 2C o  WENOD2 - p
43kb - rern &

<= Ty

™ on
merion™ 2 g,

PS40

Fig. 23: NOD2 expressions vectol

A) Electrophoresis test in agarose gel 1% (w/v) of gte383K mutated pCMVTag-NOD2

wild-type plasmid. The direct sequencing has confirmed tlesence of the inserted mutati
(starred nucleotide)B) Electrophoresis separation in agarose gel 1%)(wf the digested
plasmids, pCMVTag2®&OD2 wild-type and pcDNA3-R334W NODnportant for the
subsequent ligation reaction are the highlighteddbaelated to pCMVTag2c lineariz vector

(4.3 Ko) and p.R334W NOD2 cDN£3.2 kb).
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The starting point for createese plasmids is the optimization of mutagen
conditions and ligation reaction. Concerning thetaganesis, two prime
(forward and reverse) and a rangeannealingtemperature were tested separa
for obtaining p.E383K mutation in NOD2. Base on results of those tests, t
use of primer forward and annealing temperature ¢f068ave the highest yie
of mutagenesis. Concerning the ligation reactiotwben p.R334W mutate
NOD2 and expression vector pCMVTag2c, differentditons were tested t
increase the efficiency of the reaction. Se-up a ligation reaction with mol:
ration 3:1 gave in thisase the major yield and number of positive clc

1.2.1 Localization

Constructswere transfecte in the human embyonic kidney cell lines HEK29:
extensiely used as an expression tool for recombinanteprstsince it wa
generated over 25 years ago. Although of epithediddin, its biochemica
machinery is capable of carrying out most of thei-translational folding an
processing required to genel functional, mature protein from a wide spectr
of both mammalian and n-mammalian nucleic acids [209].

On these transfected celisdirectlyimmunofluorescence assay was performe
display the cellular localization of humwild-typeand mutant NOD, choosing
the appropriate antibodies (eFLAG primary and anti-mousesecondary
conjugated with rhodaminu

Indirect immunofluorescen analysis in transfected HEK293 cells reve:
pronounced cytoplasmiocalization of thewild-typefusion protein Fig. 244). In

addition to the protein signal, it is possible iscdminate the nuclei detected

blue with DAPI. Protein carrying mutations p.E383d p.R334W wer
predominantly localized in the cytoplasm, althoaglower amount of rhodamir
signal wa detectable in the memine of p.R334W mutated cells (Fig. 24B ¢
C). These results are comparable to the one refeiwewild-type protein,
suggestinghat there is no evidence of altered localization of NOID relation
with the different carried mutions.

Moreover, immunostaining results showed a redukemtdscence signal betwe
wild-typeand mutated NOD2, suggesting a lower expressianutated protein

in transfected cells.

A

NOD2 E383K gNOD2 R334W

Fig. 24: Transfection studies in HEK2¢cells.
Wild-type NOD2 is localised at the cytoplasi(A),as well as p.E383K and p.R33: mainly
detected in the cytoplasB @nd C)
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1.2.2 NOD2 expression

In order to detect the expression of the exogempootein NOD2, botlwild-type
and mutated, Western blotting analysis was perfdrimethe lysates obtained
from in the transfected HEK293 cells.

First of all, the expression of NOD2 in HEK293 edllas been compared with the
expression of thevild-type exogenous NOD2 in transfected HEK293 cells, to
assess the influence of endogenous protein indugkperiments.

Following the protocol previously explained in Ma#és and Methods, the
HEK?293 cell lines both transfected and untranstketere lysated and proceeded
to be ready for Western blotting.

As shown in Fig. 25A, the contribution of endogesiddOD2 protein can be
considered negligible compared to the expressioexofienousvild-type protein

in absence of stimulation.

We also made this endogenous/exogenous protein aruop after stimulation
with bacterial wall components, like the peptidagly muramyl dipeptide
(MDP).

In the absence of the receptor for LPS, we didevatuate this TLR agonish
vitro, but onlyex vivoin PBMC from patients. Fig. 25A showed also that RD
did not enhance the endogenous NOD2 expressionsevtavel seemed to be
several times lower than exogenouitd-typeNOD2.

Furthermore, different concentrations of MDP weestéd inwild-type NOD2
transfected HEK293 cells, to assess the sensititiiese cells and to choose the
better stimulus concentration. MDP at Oug/ml, 1dgdmd 10pg/ml stimulated
thewild-type NOD2 transfected cells for 7 and 24 hours, asrdssit previously.
Western blotting results were presented in fig. 2BBer 7 hous, unstimulated
cells seemed to express mavédd-type protein, compared to the 1ug/ml MDP
stimulated cells. The expression level at 10ug/mDRM stimulation are
definitively higher than at 1pug/ml but slightly lewthan at Opg/ml stimulation.
The same trend was observed for the 24hours stiimola

Higher concentrations of MDP [50ug/ml and 100pg/mdire tested as well, but
the cell cultures died before the 7 hours have gohs§his result showed that
concentrations above the 10pg/ml were not compatiith regular cellular
growth. Then, 10pug/ml was the concentration choofedthe experiments
performed with NOD2 transfected HEK293 cells.

From the analysis of theild-type NOD2 expression, the following step was to
evaluate the expression of the two mutant forms33K and p.R334W in
transfected HEK293 cells. As presented in the naseand methods, these cells
were cultured for 7 and 24 hours in the presencabeence of stimulation MDP
and then lysed for western blotting.
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As shown in Fig. 25C, the signal related to thereggion of p.E383K NOD?2 after
24 hours did not seem to vary with or without stiation. This result was

comparable for the control mutation p.R334W. Irufgy 25C the results after 7
hours were not shown as they presented an idemtezad to the one reported for
24 hours, although with lower levels of expression.

Moreover, comparing the expression levelsmdfi-type and mutated NOD2, we
could not spot any differences in the expressiendrshown pre/after stimulation.

A
NS MDP
S e HEK293 cells
NOD2 transfected
cells
B
MDoP 0 ug/ml lug/ml 10ug/ml

7h - e — - WT NOD2

(o

c E383K R334W
MDP . . ) +

el el el "= HNOD2

-— e - W CTIN

Fig. 25: NOD2 expression.

A) Comparison of endogenous NOD2 (upper lane) aiodenouswild-type NOD2 (bottom lane)
with or without MDP stimulation [10pg/ml]. B) Diffent MDP concentrations [0-1pg/ml-
10pg/ml] after 7 and 24 hours stimulationvafd-type NOD2 transfected cells. C) Mutated NOD2
(p.E383K and p.R334W) expression in presence oeraigsof 10pug/ml MDP stimulation after
24hours.

1.3 Pathway NF«B studied from patients PBMC and NOD2
transfected HEK293 cell lines

In order to carry on the evaluation of the pathaggmotential of p.E383K
mutation in Blau syndrome, we examined bwtlvitro andex vivothe ability of
this mutation to activate the signalling pathway-tB- known to be associated
with this autoinflammatory disease. Foregoingvitro studies have reported that
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HEK?293 cells transfected with a NOD2 construct aegred to contain a Blau
syndrome mutation demonstrated elevated basalitgco¥ an NF«xB reporter
compared with cells transfected withwald-type NOD2 construct and higher
amounts of NReB reporter activation in response to muramyldipg{17,218].
From thesein vitro observations, a “gain of function” hypothesis Hzeen
proposed for BS mutations, which predicts that g with Blau syndrome
would spontaneously release more cytokines that bmarranscriptionally up-
regulated by NReB activity (such as ILf).

The follow study may help to have a complete viewthe NF«B pathway
involved in Blau syndrome.

1.3.1 IN VITRO analysis

The starting point for then vitro studies were HEK293 cells stably transfected
with constructs engineered to contain BARD15/NOD2gene in thewild-type
and mutated forms p.E383K and p.R334W. These eafise cultured in the
presence or absence of stimulation mediated by MbdPlysated after 7 and 24
hours, as described in materials and methodskBI&etivity has been evaluated
in vitro through two different technique: Western blottingdaReverse Phase
Protein Array (RPPA).

Western blotting

The Western blot technique is an immunochemicahrtegie that allows to
identify the presence of a particular protein imature of proteins separated
though electrophoresis, by means of the recognibgnspecific antibodies.
Although the technique is not strictly quantitativé is possible to evaluate the
protein expression relative to a constitutivelyigetprotein (e.g.p-actin). By
measuring the density of the protein band of irsteesnd normalizing t@-actin,
we obtained values of relative density that allowed more closely evaluation of
the bands observed in the blot membrane.

With this technique, we studied indirectly the waityi of NF-xB in vitro in
HEK293 cells expressingild-type and mutated NOD2. Remembering that NF-
kB is activated by phosphorylation and degradatibiKe o induced by NOD2
and translocates to the nucleus where it promotes transcription of
proinflammatory genes, we evaluated the expressidnIKBo and its
phosphorylated form. Therefore, if IKBwould be mostly present in the
phosphorylated form, this may mean an activationN&#«B and subsequent
cascade activation of the inflammatory responseiaedi by the pathway.
Starting materials were the whole lysates of HEK26IBs transfected witkvild-
type and p.E383K mutated NOD2, obtained after stimokafor 7 and 24 hours
with MDP [10pg/ml].
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In Fig. 26 was presented the blotting results &ipper) and 24 (middle) hours
and relative profile plot with relative density dgbottom).

Observing the graph on the left, under unstimutatondition in thewild-type
NOD2 transfected cell the expression of KBwere higher than the
phosphorylated protein, whereas MDP stimulationmesketo provoke a slightly
increase of phospho IKB as expected from literature data. The graph enmitnt
concerning p.E383K NOD2 showed a similar trenchia two protein expression
in presence or absence of stimulation. éKBere higher expressed than the
phosphorylated protein, implying a failure to aater NFxB pathway.

NOD2 wild-type NOD2 p.E383K
7h ns MDP ns MDP

S—

IKBa IKBa

piKBa -— plKBa

——
ACTIN  — -. ACTIN

24h

IKBa
plKBa

ACTIN

AR
FOEro PREIRCET
——

L

1.0 3 PIKBa

Relative Density
[normalized to b-actin)
Relative Density
[normalized to b-actin)

0 - — y
F& I F& &

ns MDP ns MDP

Fig. 26: Western blot analysis of IKBand phospho IKB. expression in HEK293 cells presenting
wild-typeand p.E383K mutated NOD?2.

Equal loading was confirmed by stripping the immbiob and reprobing it fop-actin. The graphs
under the western blotting images represent readiensity of the bands (IkBin violet and
phospho IKB: in green) normalized t@-actin and are referred to 24h stimulation data. 7h
stimulation data were not plotted since the trensimilar to the one at 24h.
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Revese Phase Protein Array (RPP.

To confirm and deeply investigate the results olgdifrom Western blot, w
performed a protein microarray,high-throughput assay more sensitive and
samplesvasting than Western Bl

The whole lysates of HEK293 cells transfected wwild-type and p.E383K
mutated NODZ2, obtained after stimulation for 7houese used for a first analys
of NF-«kB pathwayactivation

Reverse phase protein array technique was applieteasure the level of seve
component of the N-xB signalling pathway, such as KB IKKa/B and their
phosphorylation form In these experiments the expression level of tlfayaad
proteirs was normalized to actin as a house keeping pt

IKB oo and phospho IKEa levels was presented in Fig. 27.

In absence of stimulatiowild-type NOD2 cells did noshow any difference i
the two proteins leve, as seen for p.E383K NOD?2 cells. After sulation with
10pdml of MDP, in thewild-typeNOD?2 cells there were a significant increas:
phospho IKB. compared to IKlo level and also compared to the unstimule
one (p<0.05). The mutated NOD2, instedid notshow any increase in protei
levels, hat were comparable to the unstimulated o

A NOD2 wild-type B NOD2 p.E383K
B3 IKBa
10004 —_ 10004 3 phospho IKBa
4 8004
z 800 =
2 2
g 6004 *2 600
& 4001 I ‘T 4001
'c%) k=)
2004 @ 2004
D- , , 0_ . i .
IKBa plKBa IKBa plKBa IKBa pIKBa IKBa pIKBa
non stimulated MDP non stimulated MDP

Fig. 27: Comparison betweelKB o and phospho IKB in whole lysate obtained from Awild-
typeNOD2 and B) p.E383 NOD?2 transfected HEK293 cells
*p<0.05, as statistical significallevel.

IKK o and IKKp levels was presented in Fig. 28.

In wild-type NOD2 cells, slight but ©onsistently higher level of IKK and IKKB
were showed after stimulation with pg/ml of MDP (p<0.05 Moreover, in
absence of stimulation, we could see a slightijhéidevel of IKKa and IKKB in
wild-type cells compared to p.E383K NO cells even if the increase was r
statistically significant. In presence of MDP stiation, these comparison w
definitively slight but statiscally consistent (p<0.05).

In p.E383K mutated NOD2 cells, no differences betwestimulated an
unstimulated levels (both IKKa and IKKB were shown.
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A NOD2 wild-type B NOD2 p.E383K
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Fig. 28: Comparison between IKKand IKKS levels in whole lysates obtained from wjld-type
NOD?2 and B) p.E383WOD?2 transfected HEK293 cells.

Ns indicates absence of stimulation, whereas MOdst for stimulation with [1L0ug/ml] of
muramy! dipeptide. *p<0.05 as statistical significevel

Activation of the NF«B transcription factor in HEK293 transfected celgh
mutant NOD2 (p.E383K and p.R334W) was investigaiad compared to that
with the wild-type transfectant. Nuclear extracts are generally predeto whole
cell lysates for this protein regulation studieace NF«B is known to move to
the nucleus to control transcription of pro-inflaaiory genes.

To study NF«B behaviour, transfected HEK293 cells were stimedawith MDP
[10pg/ml] for 7hours and then nuclear cytoplasmepagation was performed
using the NE-PER® Nuclear and Cytoplasmic ExtractiReagents (Pierce,
Thermo Fisher Scientific) as described in the masho

The expression of NkB p65 and the phosphorylated form was determined
together with other NiB pathway components, such as IKBKK o/, and their
phosphorylated form in the nuclear fractionsaifil-typeand mutated cells. Even
for this analysis, technique of choice was lysateroarray (RPPA) and all the
results were normalized to the levels of the hdwesping protein.

The heatmap in Fig. 29 summarizes the activity Bf RB pathway in the nuclear
fraction, while Fig. 30 showed the RPPA data aredyfor each NRkeB pathway
components.
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Fig. 29: Heatmap of NReB signalling pathway in nuclear fraction of NOD2nsfected HEK293
cell lines.

The multiple different proteins are outlined on tt@izontal axis, and the lysates phenotype is on
the vertical axis. Red and green colours indicagbdnd low protein expression, respectively.

As regards the mutation p.R334W, the data obtaioethe basal activity of NF-
kB are in line with those reported in the literature

The mutation in fact revealed a ~2-fold increasebasal level of NRB
compared tavild-typeallele (p<0.05). The NkB activity of R334W was further
enhanced by addition of MDP (p<0.01). This mutatadso leaded to a slight
increase of expression of the phosphorylated faridFexB to the basal level by
comparing it to thewild-type (p<0.05). We could note that the stimulation with
MDP further increased the expression of phosphdBHoth inwild-typeand in
p.R334W (p <0.01). Active phospho NEB level in p.R334W cells is similar to
the one inwild-type cells (p>0.05). The results showed also similaelleof
phospho IKB: in p.R334W cells compared twoild-type cells, but a statistical
enhance of both levels after MDP stimulation (p&0.0A similar trend was
shown by the other observed pathway components.

Regarding the mutation p.E383K at baseline, it whswed no statistically
significant difference in the level of NEB compared tavild-type not even an
increase in production as a result of stimulatiothiDP. The phosphorylated
form of NF«B instead showed a significant decrease (p <0.0mpared tavild-
type at the basal level. After stimulation with MDP, weted a clear decrease
compared towild-type (p<0.01). IKBy, IKKa, IKKB and their phosphorylated
forms showed instead a similar leveMidd-typein absence of stimulation, except
for IKBa (p<0.05). Even with MDP stimulation, the proteid&l not show
enhanced expressions, except for KB<0.05). These levels appeared to be
statistically lower tharwild-type (p<0.05 for IKBx, phospho IKB, IKKp and
phospho IKKi/B; p<0.01 for IKKa).
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Fig. 30: Comparison of RPPA data for NéB, IKBa, IKKa/B and their phosphorylated forms
obtained from nuclear fraction of lysatedld-typeand mutated NOD?2 transfected HEK293 cells.
In blue unstimulated data; in green data aftertithudation with MDP.

*p<0.05, **p<0.01, **p<0.005 as significant statiisal values in comparison between ns (non
stimulated) and MDP.

§p<0.05, 88p<0.01 as statistical significant valimesomparisorwild-type mutated proteins.
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1.3.2 EX VIVO analysis

NF-kB signalling pathway has been studied in detailysated PBMC sample
from ltalian Blau syndrome patients and all datareveompared to healtt
controls, matched by similar age and ¢

Patients PBMC were purified and proceeded as destipreviouly in materials
and nethods. Reverse phase protein array technique piged to measure tt
level of several component of the -«B signalling pathway, such as -kB, IKB
a, IKKo/p and their phosphorylation forms. In these expentme¢he expressic
levd of the analysed proteins was normalizedp-actin as a house keepi
protein.

Fig. 31summarizes the activity of I~ kB pathway in both patients and heal
controls.

CONTROL
CONTROL
CONTROL
CONTROL
CONTROL

v wv
| om

P NFKB
IKBa

P IKBa
IKKa
IKKb

P IKKa/b
IKKgamma
NFKB P65
P IRAKI1
A20

-3.4 0.0 3.4

Fig. 31: Heatmap of NReB signalling pathway in Blasyndrome.

The multiple different proteins are outlined on horizontal axis, anthe lysats phenotype is on
the verticalaxis. Red and greecolours indicate higland low protein expression, respective
From the figure the levels of different regiory molecules of NReB are down-regulated in
healthy controls.

The lysatesmicroarray data showed higher level phospho N-xB, IKBa,
phospho IKB:, IKKa, IKKB and phospho IKK/B in Blau syndrome patients th
in healthy controls (p value0.05 or less), as shown in Fig. 32.
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Fig. 32: NF«B signalling pathwa in Blau syndrome.
Comparison of protien expression levels betw2 Blau syndrome patients ahealthy control:
PBMC lysatesStatistical significanc at p value <0.05.

1.4 Cytokines release from patients PBMC and NOD?2 trarfected
HEK293 cell lines

To define the biological effects of pE383K -associated mutatignve examine:
both in vitro andex vivothe ability of this mutation to produce cytokinesthe
absence or presence of activating stimThis study usingBlau syndrome
patients cells and NOD2 transfected cmay help to have a better understanc
of cytokines and inflammatory markeinvolved in Blau syndrome.

1.4.1 IN VITRO analysis

The starting point for thin vitro studies were HEK293 cells stably transfec
with the homemade constructs containing tCARD15/NOD2gene in thewild-
typeand mutated forms p.E383K and p.R334W. These wale cultured in th
presence or absence of stimulation mediated by MbdPthe supernatants we
collected after 7 and 24 hot
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It has been chosen to use the technique antibodyoarray to evaluate e

production of cytokines from supernatants. The we@thand the specifi
amplification was widely explained in materials and met.

Since HEK293 cells produce only a limited set ofo&nes and markers «
inflammation, it was evaluated only the prodon of IL8, chemokine known i
induce an inflammatory response to external stil

Analyzing the dta obtained after 7 hours, noted that in the absence

stimulation (ns) the levelof IL8 in cells expressingvild-type NOD2 were
statistically higher <0.05 than those presented pyE383K mutated cell(Fig.

33). Stimulation with MDP showed similar level in thewild-type NOD2 cells,
while there was a high increase of IL8 levin cells exressing p.R334W NOD
(p<0.05. Concerning the mutation p.E383K, thewas no differences of
concentration in the presence or absence of thmkis

A similar trendfor all the three cell linewas noted for theecretion of IL8 afte
24 hours.

Since it is known that exposure t¢(DP causes an impared response bsequent
MDP administration (called MDP tolerance) in NOwild-type[218], we aimed
to determine whether this condition was induced dby p.E383K mutate
NOD2.Transfected cells were treated with MDP fohaurs, then vashed and
restimulated with MD for 24hours. Consistent with the literature dat@D\

wild-type showed a tolerant state in response to subsequ&R keatment
resulting in the reduced release of IL8 upce second MDP stimulation (p<0)

(Fig. 34). Cacerning the p.E383K mutated NOI the results showed th
pretreatment with MDFdid notinhibit proinflammatory response to subseqt
MDP treatment. IL8 concentration seemed to be #ligincreased after th
second MDP stimulation, but the differences not statistically significar

IL8 7h IL8 24h
1500 ”
600- = O wr
g Oawr £ = E383K
S @ Ezs3k s Il R334W
< B R3z4wW S
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8 3
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WT E383K R334wW WT E383K R334W

Fig. 33: Production of IL8 by supernatants of NOD2 transfdatells, botlwild-typeand mutated.
Stimulation: none (ns) and muramyl dipeptide (MQBug/ml]) for 7 or 24 houl
** n<0.05 asstatistical significant valt
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Fig. 34: Production of IL8 by supernatants of NOB#d-typeand p.E383K transfected cells,
after a subsequent treatment with muramy! dipegtitieP [10pg/ml]).

The cells were pretreated with MDP for 4h, washedl r@stimulated with MDP for 24h.
**p<0.05 as statistical significant value

1.4.2 EXVIVO analysis

Cytokines and other markers of inflammation progucthas been evaluatexk
vivo by means of two different technique: ELISA and laotly Microarray. In
addition to assessing the sensitivity and accudddiie two different techniques,
this choice was dictated by the availability ofrpatapture/detection antibodies
for the microarray technique.

ELISA technique

Enzyme-linked immunosorbent assay (ELISA) allowapgid quantification of the
levels of several cytokines and other inflammatonarkers from PBMC
surnatants obtained from Blau syndrome patientshaadthy controls. These cells
were cultured in presence or absence of inflammasgtimuli, LPS [100ng/ml]
and MDP [10ug/ml], for 7 hours.

The classical pro-inflammatory cytokines (J,1IL6, TNFa), chemokines (IL8)
and interferon-gamma (IK) were tested in the surnatants collected fromep#i
and controls PBMC.

The results are presented in the graphs in Fig.a8% 36. In absence of
stimulation, no statistical differences in cytokileels were detected between
patients and controls, except for IL8 that was efect at higher titre by healthy
controls (p<0.05) (Fig. 35A).

In the presence of stimulation with the TLR agonikPS), the release of
cytokines by Blau patients PBMC was not elevatechgared to that of healthy
controls. The concentration values were indeed ganylar or even statistically
significant lower, such as for IL6 (p<0.05) (FigbB. Despite this results, the
cytokines levels after LPS stimulation in patieat®wed a significant increase
compared to the non stimulated ones, as expectgd3&A). IL6, IL8 and TNk
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concentrations were highly release after LPS st (p<0.005, p<0.005 and
p<0.05 respectively), with the exception of fLandIFNYy.

Even the NOD2 agonist (MDP) did not seem to stiteukahigh cytokine release
in patients compared to healthy controls. IL8 wees dnly marker that showed a
significant decrease in concentration in Blau sgnt patients (p<0.005) (Fig.
35C). Evaluating only Blau syndrome patients (RB@A), it was notable that
there was an increase of production of only IL&QR05), while levels of all other
cytokines were similar to the non-stimulated onestatistically lower to LPS
stimulated ones (p <0.005 for IL6 and T&yF

This study failed to identify an increase in cytoki production in patients
following double stimulation, but this could be saa controls (Fig. 35D). IL4,
IL6 and TNFe showed higher concentration in controls (p<0.066 dll the
cytokines). In patients, a synergistic effect wasedted in IL6, IL8, and TNk
production when the MDP were supported with the Nagonist (p<0.005,
p<0.05, p<0.05 respectively) (Fig. 36B).
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Fig. 35: Production of cytokines by supernatant of PBMCaot#d from Blau syndrome patients,
in presence or absence of stimulation after 7 hours

LPS [100ng/ml] and MDP [10pg/ml] are used as irdlinlly or associated stimuli. The data
shown are means of data from duplicate experimant$ the error bars indicate standard
deviation. *p<0.05; **p<0.005: p values less tha@®are considered statistical significant.
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The daa shown are means of data from licate experiments and the error bars indicatedstat
deviation.A) Comparison between individual stimuli and absent stimulation. B) Comparisc
between double stimulation and MDP stimt

*p<0.05;**p<0.005 p values <0.05 are statistical signifit

Antibody microarray

Cytokines and othemarkers of inflammatic production has been evaluat
through antibodyMicroarray technique from serum sampobtained by Italia
patients affected by different autoinflammatory edises.Once measured tt
cytokines level as described in materials and nusthall patientsdata were
compaed to Italian healthy controls de

The range of cytokines in analysis was expandedl compoundshat are knowi
to play an important role in inflarration. Other than only testing tiygpical prc-

inflammatory cytokines, such as IR1L6 TNFa, the serum samples are evalue
for the production ohovel inflammatio-associate@ytokines, such as IL22, ILz
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Results

and IL17. This study using 9 cytokines and inflantoma markers may help to
have a better understanding of inflammatory prezessvolved in Blau
syndrome.

Comparison between concentrations of cytokines iaffldmmatory markers in
Blau syndrome patients and healthy controls arevehm Fig. 37 The most
notably difference was detected for IL22 and ILBRjhly expressed in several
different inflammatory condition and presenting4ommlammatory properties. The
concentration of IL22 in patients was >80-fold (g3@b) higher than in controls,
while IL23 concentration was 13-fold (p<0.005) heghStatistically significant
differences between patients and controls were @dsected for IL17 and IL12,
even though for the latter cytokine the level itigras are 3-times (p<0.05) lower
than in controls. Concerning IL17, the concentraiio patients was found to be
13-fold higher than in controls (p<0.05).

The concentration of all other cytokines was ndttistically different from
controls.
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Fig. 37: Graphs of cytokines and marker of inflammation @mrations in serum from Blau
syndrome patients compared to healthy controls.

The data shown are means of data from triplicageements and the error bars indicate standard
deviation.

* p<0.05; ** p<0.005: p values less than 0.05 aadistical significant.
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2 Evaluation of possible biomarkers in autoinflammatay
diseases

Biomarkers are defined as "characteristics that cbjectively measured and
evaluated as indicators of normal biological preess pathogenic processes or
pharmacologic responses to a therapeutic intemehtilhey provide an objective
measure to assess disease severity, progressigh, and survival. Since
identification of biomarkers patterns is a sizegimeblem, the use of an array-
based system to measure cytokines/other serum imsotand signalling
intermediates would represent an enormous adv&t®eerse phase protein array
(RPPA) and antibody microarray are the techniquasdun this thesis work.
These proteomic technologies are currently emptpyy the MBTI Research
Group at Nottingham University, where they havenb@éeveloped and optimised.

2.1 Optimisation of assays

The optimisation of assay conditions is anotheromahallenge for microarray
technology.

The provision of optimal binding conditions is aicial feature of the antibody
microarray support. The demand for even higheritdeasas well as the need for
decreased sample consumption and quantificatioriddte application ofjlass
slides as solid supports with coated surfaces.optienal substrate was defined as
one that bound the greatest amount of antibody mitiimal background. For the
antibody microarray experiments presented in thésis, poly-l-lysine enhanced
surface slides gave the greatest degree of bindilogpg with a minimal
background. Due to the low abundance of some ayéskia main issue is to
provide a good signal through a correct amplifmati The best results were
achieved using simple Tyramide amplification rathdan Genisphere or
Avidin/Biotin blocking, as shown in Fig. 38. It iclear that the Genisphere
amplification method (Fig. 38A) generates a sighedctly from the sample, with
a presence of detectable background. The addicioAvidin/Biotin blocking
steps showed surprisingly low signals and highekdépaund (Fig. 38B), even if
the Avidin/Biotin blockage meant to decrease thpeasic signals. Tyramide
amplification, provided by Cy5 dye, seems to givetually undetectable
background staining and higher samples signals @@g).

In RPPA, printing of lysates is a complicated psscand requires printing buffer
that keeps protein denatured, reduced and solubteoe temperature. Also, the
blocking buffer is important in decreasing the dat background and provide
good signal to noise ratios. The highest specifgna intensity was obtained
when I-Block was used as the blocking buffer andsS® added to the printing
buffer, as shown in Fig. 39.
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Fig. 38: Amplification assessme.

Each capture antibody was printed twice and 10 ginmea raw onto po-l-lysine slides as
described. A cocktail of recombinant standards veeided, along with sera. Biotinylated detec
antibodies were added, followed by drent amplification methods.

A) GenisphereUltra Amp amplification,B) Avidin/biotin blocking solution ancC) Tyramide
amplification.

Fig. 39: Background assessm.

Cell lysates were prepared and diluted (2 foldn2#8); doubling dilution series was printed o
nitrocelluloseeoated slides as described. Individual arrays vikeem probed with antp-actin
antibody and all arrays were then visualized bylyapg 680nm nearinfrared dye

A) green signalérom tested molecules; B) red signals fi actin.

Testing the specificity of primary antibodies fd?

Western blottingis a valuable technique to teshe specificity of primary
antibodiesbefore using i microarray experimentThe detection ofa single
defined product (®den one bandindicateshighly specific and sensitive prima
antibodies.

All antibodies listed in Tab. 5 andused for studying signallii pathways
associated wittautoinflammatory, wei tested using a mixed pool of activa
lysated cells The result, shown in Fig. 40, 41, 42,43 and 44, prese single
bands of the tested antibodiesthemolecular weights expected for e target.
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NF-kB pathway
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Fig. 40: Western blottig for testing antibodie
used in NF«<B study.

This figure shows western blotting results
testing antibodies specific for the -«xB
pathway components including a protein mai
on the left. The three "greerdntibodies wer
detected by near infrared detectimethod

Fig. 41: Western blottig for testing antibodie
used in PI3K/Akt study.

This figure shows western blotting strips
antibodies to PI3K/Akt pathway compone
including a protein marker (on left). Son
antibodies, such as PI3K and phos-PDK1
show weak secondary bands but these ai
relatively low level compared to the kno\
target band in each case

- Fig. 42: Western lotting for
. testing antibodies used
- MAPK study.
This figure shows westel
blotting strips for antibdies
to MAPK pathway
components  including
protein marke (left).
ERK1/2, MKK3/MKK6 and
P SEK1/MKK4 reveal thi
characteristic 2 ban.
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STAT3/INK/c-Src pathway
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Fig. 43: Western blottingor testing antibodies use
in STAT3/Jak2/c-Src study.

This figure shows western blotting strips
antibodies to STAT3/Jakz-Src pathway
components including a protein marker (|

Inflammasome pathway and MyD88
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60 ‘ antibodies used  inflammasome
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2.2 NF-xB pathway in autoinflammatory diseases

NF-kB signalling pathway has been studied in detailysated PBMC samples
from Italian patients affected by different autéamimatory diseases. All data
were compared to healthy controls, matched by amaijje and sex.

As described in the introduction, NdB activation in turn activates IKK complex
that phosphorylates IkB which normally binds to NikB complex and inhibits
its action. Phosphorylated IkBis ubiquitinated and addressed to proteasomal
degradation, while NkB can translocated to the nucleus. In the nucldisKB
mediates inflammatory gene transcription, cell aaivand cell proliferation.
Patients PBMC were purified and proceeded as destipreviously in materials
and methods. Reverse phase protein array techmgaeapplied to measure the
level of several component of the NB- signalling pathway, such as NiB,
IKBa, IKKo/fp and their phosphorylation forms. In these expenisethe
expression level of the analysed proteins was niwaethto f-actin as a house
keeping protein.

Fig. 45 summarizes the activity of NdB pathway in both patients and healthy
controls.
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P IKBa
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IEEgamma
NFKB P65
P IRAK1
A20

Fig. 45: Heatmap of NReB signalling pathway.

The multiple different proteins are outlined on tt@izontal axis, and the lysates phenotype is on
the vertical axis. Red and green colours indicagh ind low protein expression, respectively.
From the figure the levels of different regulatanplecules of NReB are down-regulated in
healthy controls and in some sporadic patients.
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Results

2.2.1 Behget diseas

The lysatesnicroarray data showed higher levelphospho NF<B, IKKa, IKK,
phospho IKKi/B, IKKy and A20 in Beget patients than ihealthy controls (|
value <0.05) (F3. 46. The other proteins implied in NEB pathwayhave not any
statistically significant difference from the cauls.
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Fig. 46: NF«B signalling pathway i Behcet disease.
Statisticallysignificant comparisons between expression leve[shospho N-«B, IKKa, IKK,
phospho IKKi/B, IKKy and A20measured in patients and healthy controls.
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2.2.2 Adult onset Still's disease

In PBMC lysates obtained from Stipatients and controlghe leve of the
expression of NR&B, phospho N-«kB, phospho IKB, IKKo/f and the
phosphorylated form, IKiKand A20was statisticallyignificant as p values we
<0.05 or less (Fig. 47).
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Fig. 47: NF«B signalling pathway i AOSD.
Statistically significant comparisc of NF«B, phospho NReB, phospho IKB., IKKa/B, phosphc
IKK o/B, IKKy and A20 levels betweepatients and controls.
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Results

2.2.3 TRAPS

The data obtained from TRAPS patients and contsbiswed a statistically
significant increased level of NEB and phosphorylated form, phospho kKB
IKKy, IKKao/B in patients compared to controls (p value <0.0&ls0 the
phosphorylated form of IKK/p and IRAK1 presented higher expression in
patients (p value <0.005) (Fig.48).
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Fig. 48: NF«B signalling pathway in TRAPS.
Comparisons of NkeB, phospho NReB, phospho IKB, IKKy, IKKa/p, phospho IKK/B and
phospho IRAK1 levels between patients and conardsstatistically significant.
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2.2.4 FMF

Data from FMF patients showed higher expressiova{pe < 0.05) of only IKIg
and phospho IRAK1 compared to healthy controls.(#8).
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Fig. 49: NF«B signalling pathway in FMF.
Comparison of IK and phospho IRAK1 levels is
controls.

2.2.5 Blau syndrome

Fluorescent Intensity

404
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104

P IRAK 1 (T209)

significant betweenigras and healthy

The NF«B signalling pathway was extensively described jonesly.

2.2.6 Other autoinflammatory diseases

Since the number of patients does not allow aceussttistical analysis, for
Schnitzel, MKD and NALPS12 diseases patients we omdy study the heatmap
and see if the expression of pathway componentkigher or lower compared to

healthy controls.

The patient affected of Schnitzel disease seemstdw an activation of the NF-
kB pathway, while the NALPS12 patient data was caiaiple to the controls. For
the MKD patient, it is possible to notice increasexbression of the IKK
complex, an over-expression of P IRAK1 and a stsutgrexpression of IK&
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2.3 PI3K/Akt pathway in autoinflammatory diseases

PI3K/Akt signalling pathway has been studied inadeh lysated PBMC sample
from ltalian patients affected by different autéémimatory diseases. Patients ¢
were then compared to healthy contr

As previously describecPI3K is activated by botmeceptor and nc¢-receptor
tyrosine kinases (Src). Active PI3Kactivates manyustream targets includir
Akt, ERK and JNK. Akt is phosphorylated byPDK1 ahd will in turn stimulate
different downstream signalling that inhibits apugis

Patients PBMC wre proceeded as described previc. RPP£ technique was
applied tomeasure the level cseveral component of the PI3K/Akt signalli
pathway, in both phosphorylated and not phosphtglaform In these
experiments the expressicevel of the analysed proteingas normalized t(3-
actin as house keeping prot:

The heatmap shows the activity of PI3K/Akt pathwapoth patients and healtl
controls (Fig. 50).

PI3K/AKT pathway
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P BAD

Fig. 50: Heatmap of PI3K/Al signalling pathway.

The multiple different proteins are outlined on horizontal axis, anthe lysate phenotype is «
the verticalaxis. Red and greecolours indicate highand low protein expression, respelsti
From the figure the levels of different regulat molecules of the pathwagre down-regulated in
healthy controls and in some sporadic pati

2.3.1 Behcet diseas

The data obtained from lysss microarray (Fig. 51showed only for phospt
AKT and PI3K p85 a statistically significant inceeaof expression, comred to
controls(p values <0.05 or les.
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Fig. 51: PI3K/Akt signalling pathway in Behcet disease.
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Significant comparison of phospho Akt and PI3K p@%ls between patients and controls.
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2.3.2 Adult Onset Still's disease

Fig. 52 showed higher level ophosphorylated forms of AKT (T308), eNC
PTEN, cRAF, and GS-3p and the two subunit p85 and p100 of PI3 protei
Still patients than in healthy controls (p valueG®or less
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Fig. 52: PI3K/Akt signalling pathway i AOSD.
Statically significant comparison between patieants controls of phospho Akt, phospho eNt
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2.3.3 TRAPS

The data obtained from lysates microarray showeplfimspho AKT (T308 and
S473), PI3p100 and PI3p85, and phospho GfKa3statistically significant
increase of expression, compared to controls &3y. P values are less than 0.05
for phospho GSK{8and lower for other components.
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Fig. 53: PI3K/Akt signalling pathway in TRAPS.
Significant comparison of phospho Akt, P13 p85,HR[8L00 and phospho GSK33evels between
patients and controls.
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2.3.4 FMF

The microarray data showed significant higher esgioln only for PI3 p85
compared to healthy controls (p value <0.005) (B#). For the inflammasome
pathway components, no statistically significannparison was found.
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Fig. 54: PI3K/Akt signalling pathway in FMF. Comparison of3R p85 level between patients
and controls is statistically significant.

2.3.5 Blau syndrome

In PBMC lysates obtained from Blau syndrome pasiemtd controls, PI13p85 and
the phosphorylated forms of eNOS, GSK-3AKT (S473), and BAD are
statistically more expressed than in controls (pes<0.05) (Fig. 55).
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Fig. 55: PI3K/Akt signalling pathway in Blau syndrome.
Comparisons of phospho eNOS, phospho GSK-Bospho Akt, PI3K p85 and phospho BAD
levels between patients and controls are statilstis@nificant.

111



2.3.6 Other autoinflammatory disease

Evaluating the heatmafor the remaining individual autoinflammatory paii,
both Schnitzel and MKD patie showed an increased expressiol PI3K/Akt
pathway components, except for P cRAF and P PTEMKID patient. NALP12
patient, instead, showed a similar expression #dilimg controls

2.4 MAPK pathway in autoinflammatory disease:

MAPK signalling pathway has been studied in detailysated PIMC samples
from Italianautoinflammatory diseases and conti

MAPK is stimulated by ifferent external stimuli, such TNFa and IL1. TRAF2

is also an importanactivator of this pathway.The external stimulus starts

downstream signalling cascade ttcould activate ASK1,MKK3, MKK4 anc
MKK®6. The downstream signallii ends in activation of HSP7 and transcriptio
of different pro-infammatory molecules such as ATF2 ELK1.

Patients PBMC were purified andoceeded as described previousReverse
phase protein array tecique was applied taneasure the level oseveral
component of the MAPK signalling pathway, most loérh phosphorylatecn

these experiments the expressievel of the analysed proteimséas normalized t
B-actin as a house keepipgotein.Patients data were then statistically comp:i
with healthy controls data.

The heatmap presentedHrig. 56 summarizes the activity of PISK/Akt pathway
both patients and healthy conti.
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Fig. 56: Heatmap of MPKsignalling pathwa

The multiple different proteins are outlined on horizontal axis, anthe lysate phenotype is «
the vertical axis. Red and greewlouis indicate highand low protein expression, respelti
From the figure the levels of differt regulatory molecules of the pathway are deegulated in
healthy controls and in some sporadic pati
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2.4.1 Behget diseas

Results

In PBMC lysates obtained from Behgpatients and controlghe level of the
expression ophospho ERK1/2, MEK1/2 and phospho HSFwas statistically
significant as p values wer.05 or less (Fig. 57)

801

P ERK1/2 (T202/Y204)

.-E
s 604 e 00
£ %o
= 000°
s 404 %0, 0,00
3 0g°
g O °°°§
El 204 o
'S
0 T T
& &
QQ
P HSP27 (S82)
1500+
3. .
‘®
3
z 10004
- .
g —
o %, °
8 s00 . 205832000
] 008
3
2 o
0 T T
> o
Qé(\o‘b &

e Behcet
o cntr

p value <0.05

¢ Behcet
o cntr

p value <0.005

Fluorescent Intensity

10004

8004

600

400+

2004

MEK1/2
e Behcet
L o cntr
%
SR S—
0,0 °
: 32
(3
00
0 T T p value <0.005
o &
@é\o &

Fig. 57: MAPK signalling pathway i Behcet disease.
Comparison of phospho Erk, MEK1/2 and phospho HSlevels betwer patients and contro
are statistically significar
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2.4.2 Adult Onset Still's disease

The data obtained from lyss microarray showed only for a phosg
MKK3/MKK6, phospho SAPK/INK, TRAF2, phospho ERKI1/2VIEK1/2,
MKK?7, phospho TAK1 and phospho ATF2 a statisticaignificant increase ¢
expression, compared to controls, with p valuestleas 0.05 (Fig. 5¢
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Fig. 58: MAPK signalling pathway i AOSD.

Significant comparisons of phospho MKK3/6, phosfitr@, MEK1/2, MKK7, TRAF2, phosph
SAPK/INK, phospho TAK1, phospho ATF2 and phosphoKR levels between patients a
controls.
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2.4.3 TRAPS

In PBMC lysates obtained from TRAPS patients andtrots, the level of the
expression of TRAF2, MEK1/2 and phosphorylated fopnospho SAPK/JNK,
MKK7, phospho ERK1/2 and phosho ATF2 was statiflficaignificant as p

values were <0.05 or lower (Fig. 59).
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Fig. 59: MAPK signalling pathway in TRAPS.

Statistically significant comparisons of TRAF2, ghbo SAPK/INK, MEK1/2, phospho MEK1/2,

MKK?7, phospho Erk and phospho ATF2 levels betwegtiepts and healthy controls.
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2.4.4 FMF

Fig. 60 showed higher expressionMEK 1/2 and the phosphorylated forms of
SAPK/INK, ERK1/2 and HSP27 compared to healthy robst Significant P
values are <0.05 or less.
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Fig. 60: MAPK signalling pathway in FMF.
Significant comparisons of phospho SAPK/JINK, phasfirk, phospho HSP27 and MEK1/2
levels between patients and controls.

2.4.5 Blau syndrome

The data obtained from Blau syndrome patients amdrals showed that the
expression level of phospho HSP27 and phospho R38statistically significant
(P values <0.05) (Fig. 61).
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Fig. 61: MAPK signalling pathway in Blau syndrome.
Significant comparisons of phospho HSP27 and plo&38 levels between patients and controls.

2.4.6 Other autoinflammatory diseases

Observing the heatmap, MKK7, phospho TAK1 and phospiSP27 levels
seemed to be increased in Schnitzel patient. MKBepiashowed an higher
expression of phospho SAPK/JNK and phospho MEKW/Ile NALP12 patient
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showed a slightly higher expression of gphorylated forms of SAPK/JINK, cJt
and ERK1/2.

2.5 JAK/STAT/c-Src pathway in autoinflammatory disease

JAK/STAT/cSrc signalling pathway has been studiedletail in lysated PBM(
samples from Italian patients affected by differantoinflammatory disease
Patients PBMC were purified and proceededdescribed previously. RPF
technque was applied tomeasure the leveseveral component of the signalli
pathway, such as STAT3, JAK2 and phosphorylatedin these experiments tl
expression dvel of the aalysed proteinavas normalized to actin as a hoi
keeping proteinThe data obtained from patients were then comptrdgbalthy
controls.

A variety of ligands and their receptors stimulate #AK/STAT/Src pathway.
Intracellular activation occurs when ligand bindinguces the multimerization
receptor subunits.For signal propagation through either homodimers
heteromultimers, the cytoplasmic domains of twoepdor subunits must
associated with JAKThe activated JAksubsequently phosphoryls additional
targets, including the major subst, STATs. Once phosphorylated, ST,
moves into thewucleus and starts transcriptions of many inflanomatytokines
The hetmap presented inig. 62 summarizethe activity of PI3K/Akt pathway i
both patients and healthy conti.
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Fig. 62: Heatmap of JAK/STAT-Src signalling pathway.

The multiple different proteins are outlined on horizontal axis, anthe lysats phenotype is on
the verticalaxis. Red and greecolours indicate higand low protein expression, respective
From the figure the levels of different regulatoplectules ofthe pathwayare down-regulated in
most of the healthy controls and in someradic Behcet, Still, TRAPS and FMF patie
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2.5.1 Behcet disease

The data obtained from lysates microarray (Fig. §¥wed only for phospho
STAT1 a statistically significant increase of exgsien, compared to controls (p
value <0.05). For the other pathway components,etkgression varies along

patients.
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Fig. 63: INK/STAT/c-Src signalling pathway in Behcet disease
Comparison of phospho STAT1 between patients antr@s is statistically significant.

2.5.2 Adult Onset Still's disease

In PBMC lysates obtained from Still disease patieartd controlshe level of the
expression of phospho Src, SOCS3, phosphAT1 and STAT3 was statistically
significant as p values were <0.05 or lower (Fig). 6
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Fig. 64: INK/STAT/c-Src signalling pathway in AOSD.

Significant comparisons of phospho Src, SOCS3, pt@sSTAT1 and phospho STAT3 levels

between patients and controls.
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2.5.3 TRAPS

The lysate microarray data, shown in Fig. 65, prese higher level of SOCS3
and phosphorylated form of Src, STAT1, JAK2, RIBZAT3 in TRAPS patients
than in healthy controls (p value <0.05).
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Fig. 65: INK/STAT/c-Src signalling pathway in TRAPS.
Statistically significant comparisons of phosphe,Srhospho STAT1, phospho JAK2, phopsho
RIP2, phospho STAT3 and SOCS3 between patientba@aithy controls.
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2.5.4 FMF

FMF patients showed a higher level of phosphryldman of Src and RIP2
compared to healthy controls (p values <0.005). (6&).
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Fig. 66: INK/STAT/c-Src signalling pathway in FMF.
Significant comparisons of phospho Src and pho$siR2 between patients and controls.

2.5.5 Blau syndrome

In BS lysates, only phospho STAT1 showed an higaeel (p value <0.05)
compared to healthy controls data (Fig. 67).
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Fig. 67: INK/STAT/c-Src signalling pathway in Blau syndrome.
Comparison of phospho STAT1 between patients anttals is statistically significant.

2.5.6 Other autoinflammatory diseases

Observing the heatmap, MKD and NALP12 patients stbva similar up-
regulation of the JNK/STAT/c-Srpathway components, whereas in Schnitzel
patient this pathway seemed not to be activated.
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2.6 INFLAMMASOME pathway in autoinflammatory diseases
and MyD88 protein evaluatior

In presence of stimuli, such as PAMPs and DAMPstadein fromNLR family
(NLRP1, NLRP3 or NLRC4) ere able to assemble and oligomerize ini
common structurewith adaptor proteins like ASC.Once active, th
inflammasome binds to p-caspasel via its own CARD domainvia the CARI
domain of the adaptor protein ASC which it binds to durimflammasome
formation. In its full form, the inflammasoninduces theautocatalytic cleavag
of pro-caspasel into p20 and p10 units. Once active, caspa: can carry out a
variety of processes in response the initial inflammatory signal, such
production of active IL1The Bcl-2 family members B@-and Bc-XL, have been
shown to specifically interact with NLRP1 to inHi®TP bindingand subsequent
oligomerization.

The inflammasome signalling pathway has been dludhe detail in lysate:
PBMC samples from ltalian patients affected by atdht autoinflammator
diseases. Patients PBMC weproceeded as described in materind methods.
Reverse phase protein array teique measured the expressienels of several
component of this signalling pathw, that were later normaliz to p-actin as
house keeping prote The data obtained from patients were then comptu
healthy controls data

We also evaluated MyD88 expression level in aulamimatory diseass patients
and controls.

The heatmap presented Fig. 68 summarizes the activity of t signalling
mediatorsn both patients and healthy cont..
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Fig. 68: Heatmap of Inflammasome signalling pathw

The multiple different proteins are outlined on horizontal axis, anthe lysats phenotype is on
the verticalaxis. Red and greecolours indicate highnd low protein expressiorespectively.
From the figure the levels of different regulat molecules of the pathware down-regulated in
healthy controls and in some sporadic pati
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2.6.1 Behcget disease

The lysates microarray data showed a statisticaleased expression only for
MyD88 in Behget patients than in healthy contrgisvalue <0.05) (Fig. 69).
Concerning the inflammasome pathway components, viré&ability between

patients seems to be too high for a statisticalyarsa
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Fig. 69: Significant comparison of MyD88 level in Behcetipats versus healthy controls.

2.6.2 Adult Onset Still's disease

In PBMC lysates,the level of the expression of MyD88, phospho BAD,
CASPASE 1 and cleaved form, BCL-2 and the phospatag form was
statistically significant as p values were <0.0%ess (Fig. 70).
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Fig. 70: Inflammasome signalling pathway in AOSD.
Significant comparisons of caspasel, cleaved ca$pa@CL-2 and phospho BCL-2 between
patients and controls. Also MyD88 level is statialiy significant.
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2.6.3 TRAPS

The data obtained from lysates microarray showeg twr MyD88, cleaved
caspase 1 and BCL-XL a statistically significardrease of expression, compared
to controls (p<0.005) (Fig. 71).
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Fig. 71: Inflammasome signalling pathway and MyD88 level RAPS.
Statically significant comparisons of cleaved casfdaand BCL-XL between patients and controls.

2.6.4 FMF

The microarray data showed higher level of ASC, IRAland BCL-XL in FMF
patients than in healthy controls (p value <0.0%ss) (Fig. 72).
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Fig. 72: Inflammasome signalling pathway in FMF.
Significant comparisons of ASC, NALP1 and BCL-XLtlween patients and healthy controls.
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2.6.5 Blau syndrome

Data from BS patients did not show any statistycalfnificant difference in the
expression of inflammasome components, comparelde#dthy controls. Even
MyD88 level was not significantly higher in BS gatts than in controls.

2.6.6 Other autoinflammatory diseases

Evaluating the data from the heatmap, Schnitzeieptitshowed a higher
expression of all the inflammasome components coepto healthy controls,
while NALP12 patient had a profile similar to thentrols. MKD patient showed
an increased expression only for STAT4 and NALPL1.

2.7 Cytokines in autoinflammatory disease€ytokines and other
markers of inflammation production has been evalllathrough antibody
Microarray technique from serum samples obtainetddan patients affected by
different autoinflammatory diseases. Once measuhed cytokines level as
described in materials and methods, all data werapared to Italian healthy
controls presenting similar age and sex.

We focused on a wide range of cytokines and comg®timat are known to play
an important role in inflammation, 1[3lin primis. We expanded the analysis from
typical pro-inflammatory cytokines, such as @L1IL6 TNFa, to novel
inflammation-associated pro-inflammatory cytokinesich as IL22, IL23 and
IL17. This study using 9 cytokines and inflammatorgrkers may help to have a
better understanding of inflammatory processeslwaebin the autoinflammatory
diseases.

2.7.1 Behcget disease

Concentrations of systemic cytokines and markersnffddmmation in Behget
disease are shown in Fig. 73. The most notablgmdiffce was detected for IL22,
a cytokine that plays an important role in inflantim@, including chronic
inflammatory diseases and infectious diseases.atiemts, the concentration of
IL22 was more than 10-fold (p<0.005) higher thancontrols. Statistically
significant differences between patients and cdsitnere also detected for IL8,
IL17 and IL12, even though for the latter cytokihe level in patients are 2-times
(p<0.05) lower than in controls. Concerning IL8 ttoncentration in patients was
found to be 5-fold higher than in controls (p<0.0lhe same trend was observed
for IL17 (p<0.05).

The concentration of all other markers was notisteally different from
controls.
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For IL23, the patients cytokine level was slightigreased, even if the value was
not significant.
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Fig. 73: Graphs of cytokines and marker of inflammation @miations in serum from Behcet
patients compared to healthy controls.

The presented data are means of data from triplieaperiments and the error bars indicate
standard deviation.

* p<0.05; ** p<0.01; **p<0.005, as statistical sigicance is for p values less than 0.05

2.7.2 Adult Onset Still's disease

Fig. 74 showed the concentration levels of cytokiaed inflammatory markers in
AOSD disease. The results showed that all the aedlgytokines and markers
presented a statistically significant differencewsen patients and controls. In
patients, the concentration of IRivas 10-fold higher than in controls (p<0.05)
and the same trend was also observed for IL6 aNg. IExtremely high IL22 and
IL23 concentrations were detected in patients, uhih eight-fold (p<0.05) and
six-fold (p<0.05) increase over the values obtainfed control subjects,
respectively. Increased concentration levels wise abserved for IL8, IL12 and
TNFa, presenting respectively 10-fold, 12-fold and &ifdigher values than
controls. An extremely higher increase (50-fold,0fd) was found for IL17
concentration level in patients, compared to cdsitro
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Fig. 74: Graphs of cytokines and marker of inflammation @nmications in serum from Still
disease patients compared to healthy controls.

The data shown are means of data from triplicaegments and the error bars indicate standard
deviation. * p<0.05; ** p<0.01: p values less thaf5 are considered statistical significant
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2.7.3 TRAPS

Comparison between concentrations of cytokines iafldmmatory markers in
TRAPS patients and healthy controls are shown @ Fb The most notably
difference was detected for 1L23, member of the2llfamily of cytokines with
pro-inflammatory properties. It is a key participan central regulation of the
cellular mechanisms involved in inflammation. Thencentration of IL23 in
patients was more than 50-fold (p<0.01) higher tiarcontrols. Statistically
significant differences between patients and cdsiveere detected for all the
analyzed markers, except for [,1L6 and IL12. IL6 showed a slightly increased
but not significant concentration level in patients

The level of IFN was found to be 4-fold higher in patients compacedontrols
(p<0.05). Increased concentration levels were alsgerved for IL8, IL17 and
TNFa, presenting respectively 7-fold, 14-fold and €dfdhigher values than
controls with p values <0.05 or less. An extremiyher increase (>200-fold,
p<0.005) was found for IL22 concentration level patients, compared to
controls.
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Fig. 75: Graphs of cytokines and marker of inflammation @nrations in serum from TRAPS
patients compared to healthy controls.

The data are means of triplicate experiments resuitl the error bars indicate standard deviation.
* p<0.05; ** p<0.01; ***p<0.005. Statistical signdance is for p values less than 0.05

2.7.4 FMF

Concentrations of systemic cytokines and markergitdmmation in FMF are
shown in Fig. 76. Interesting cytokines with an thigoncentration in FMF
patients were IL22 and 1L23, highly expressed ivesal different inflammatory
condition and related to each other since IL22nigffector cytokine downstream
of IL23. The concentration of IL22 in patients widsfold (p<0.01) higher than in
controls, while IL23 concentration was 5-fold (p&D) higher. The level of ILA
was found to be 19-fold higher in patients compaxedontrols (p<0.05). The
same trend was observed for KNp<0.05). Incredibly high increase of
concentration was found in patients for IL6 andAlWith 40-fold and >60-fold
increase respectively over the values obtainedctmtrol subjects. Increased
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concentration level was also observed for IL8 pngeg a 12-fold higher values
than controls (p <0.05).

The concentration of IL12 and TNFwvas not statistically different from controls,
even if both cytokines showed a slightly higheraantration value than controls.
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Fig. 76: Graphs of cytokines and marker of inflammation ggnrirations in serum from FMF
patients compared to healthy controls.

The data are means of data from triplicate experimend the error bars indicate standard
deviation. * p<0.05; ** p<0.01; p values less taA5 are considered statistical significant.
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DISCUSSION

The autoinflammatory diseases are a heterogeneousp gof inflammatory
syndromes caused by primary dysfunction of thetmimamune system, without
evidence of adaptive immune deregulation. Whiléahy focused on hereditary
recurrent fevers (HRFs), autoinflammatory diseasewss encompass a wide
spectrum of disorders ranging from rare monogesict{ as Blau syndrome) to
more frequent multifactorial diseases (as Behcelt &till's diseases). Different
genome-wide association studies have begun todaltecithe molecular basis of
autoinflammatory diseases. Most of these studieenine the prominence of the
IL1B-activating inflammasome and its regulation in géanumber of diseases.
More recently, additional mechanisms linking innaiemune-mediated
inflammation with a variety of cellular processex;luding protein misfolding,
oxidative stress and mitochondrial dysfunction, enéeen recognized to play a
role in the pathogenesis of some monogenic automfiatory conditions. Those
processes can later activate other inflammatonhvpays with host defense
function, such as MAPK, JNK and N& pathways. Even though important
aspects of the pathogenesis of autoinflammatoryadiss have been clarified, all
the inflammatory-related signalling pathways antbkines possibly involved are
far to be deeply investigated.

1 Functional studies on p.E383K Blau syndrome-assod¢ed
mutation

The CARD15/NOD2gene encodes a cellular recognition molecule (NOD2
mediating NF«B activation in response to the muramyldipeptidengonent of
bacterial peptidoglycan. A distinct group of mutas in this gene causes, in
heterozygous state, the rare autoinflammatory desegamed Blau syndrome.

Up to date, 11 mutations have been identified t@adsociated at this disease and
those referred to codon 334 were more frequendggnted (p.R334Q/W).

In 2005, our group has identified the mutation BE3 in an Italian family
affected by Blau syndrome [56].

This mutation is located in the central NACHT domand changes Glutamate
E383 to Lysine. Up to date, no functional studies presented in literature
concerning this mutation. Its pathogenicity is sgly supported by several,
although indirect, pieces of evidence. As showrrigm12 and Fig.22, p.E383K
clearly cosegregates with the disease in a domimariner and the glutamate
E383 is known to be a conserved residue amongéiffespecies.

As reported in literature, NOD2 expression has igamacurred in the cytosol of
myelomonocytic cells [219], dendritic cells [58] carPaneth cells [59]. More
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recently NOD2 was shown to be associated with tlesnpa membrane of
intestinal epithelial cells [60].

In vitro immunofluorescent studies on transfected HEK293 ag¢monstrated
that both missense mutations studied (p.E383K aR831W) did not affect the
normal cytosolic cellular localisation of NOD2, gagting that there is no
evidence that the protein localization is not esdlato the carried mutation.
Interesting would be studying also the localizatodnp.E383K mutated NOD2 in
patients cells.

In vitro expression study by means of Western blottingriegles showed that
wild-type NOD2 expression on transfected cells did not m®eeafter stimulation
with muramyl dipeptide (MDP), a degradation produtbm bacterial
peptidoglycan. The expression of both mutated N@Bfeins showed a similar
trend. To better understand these data, a furtiielly sat transcriptional level has
to be performed, maybe using also patients monscyte

1.1 NF-xB pathway activation

To define the biological effect of p.E383K mutatiam Blau syndrome, we
examined the Nk®B activation bothn vitro andex vivo

HEK293 cells transfected with human recombinant RO&xher wild-type or
p.E383K mutant form were used as a possibleitro model for studying the
activation of this pathwayFirstly, indirect test of NR&B activation was
performed, detecting the expression of ®&B-inhibitor (IKBa) and its
phosphorylated form by Western blotting. A highgpression of phospho IKB
revealing an activation of NkB, was seen only fowild-type NOD2 after
stimulation with MDP. This result was confirmed alby microarray data on
IKB o and phospho IKB obtained from whole lysated transfected cells. M¢®
observed an increase on IKK complex levelsild-type NOD2 after stimulation.
This result could suggest that increased IKB kindis&) levels were associated
with a more active IKB, implying a higher level of its phosphorylated rfor
Taking together all these findings, we could codeldhat NF«B activity was
increased only imvild-typeNOD?2 cells after stimulation.

A wider overview in NF<B pathwayin vitro was obtained by microarray analysis
of nuclear extracts of botlwild-type and mutated (p.E383K and p.R334W)
NOD2. At basal level, RPPA data showed increasedllef NF«B and its
phosphorylated form in p.R334W mutant comparewitd-type while a similar
or even decreased level of MB- and phospho NkB was seen in p.E383K
mutant compared twild-type protein. Addition of MDP to p.R334W NOD?2 cells
showed a similar or slightly higher level of NiB-and phospho NkB compared
to wild-type NOD2 cells. No increased levels of other pathwamponents were
observed for p.E383K NOD?2 cells. All these datagasied that at basal level
p.E383K NOD?2 cells did not present an increase BB activity, compared to
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thewild-type p.R334W mutated NOD?2, instead, significantly eaged the basal
NF-xB activity compared to thevild-type as similarly presented in previous
studies in literature [43, 217]. In contrast, aiitof MDP to p.R334W mutant
further elevated the NkB activity up to almost the same level as the cddbe
wild-typeNOD2. This data is comparable to the one refeiwdtie same mutation
reported by Kanazawa and colleagues [43]. In p.E388itant, NFkB persisted
to present a reduced activity comparedviid-typeNOD2 after MDP stimulation.
To verify the results concerning p.E383K mutatiove, evaluated the pathway by
means of lysate microarrax vivq using patients PBMC carrying this missense
variation. The expression levels of phopho tK&d phospho NkB, as well as
IKK protein complex, were higher in patients thancontrols, implying pathway
activation. An increase on IKK levels were assadatith a more active IK&

as shown in the results. Thesevivofindings are opposite to the ones previously
observedn vitro. It is possible thain vitro p.E383K mutants may need enhancer
factors at genetic or protein levels, probably enésd in patients cells, to increase
the inflammatory response. From these results, HBK2IIs did not seem to be a
goodin vitro model for p.E383K mutation in Blau syndrome. Fatstudies could
focus on the evaluation of different other celleknfor creating a betten vitro
model. Given that NOD2 is naturally expressed irelomonocytic cells, THP-1
cells would be a good option [220]. THP-1 is a hamenocytic cell line, able to
differentiate in macrophages and perfect to studyipflammatory cytokines
secretion and ILA in primis, although these cells are known to bificdit to
transfect. It would be interesting also to perfofanther ex vivo studies on
different cell lineages other than PBMC, since NOR3 also been detected in
epithelial and vascular endothelial cells [59, 221breover, arex vivoanalysis
of the pathway activation after pathogen stimutasbould be performed.
Following on from the previously presented resulis, could also suggest that it
was not only the HEK293 cell line that leads to thek of NF«B activity of
p.E383K NOD2, but may be also the properties of tmutation itself. Since
p.R334W NOD2 was shown to enhance the pathway K298 cells, this
perhaps suggests some differences in the behavidusth mutants. This aspect
could be worth analyzed in future.

1.2 Cytokines profile

We further investigated whether the presence oB8&3K mutation in NOD2
would upregulate the pro-inflammatory cytokinesduction bothin vitro andex
Vivo.

In vitro analysis on transfected cells evaluated only tloelyction of IL8, since
HEK?293 cells secretes a limited set of inflammatoytokines. The basal level of
IL8 produced by p.E383K mutated cells were sigatifity lower than irwild-type
cells. Stimulation with MDP leaded also to a |ds8 llevel in p.E383K compared
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to wild-type Observing these results, we can suppose thdatkeof increase of
pro-inflammatory cytokines in p.E383K NOD2 cellsutnb be linked to the failed
activation of the NReB pathway in these cells. Results from p.R334W tedta
cells seemed to support this hypothesis. Even afethwas not a significantly
higher level of IL8 in absence of stimulation, iiRB34W NOD2 transfected cells
IL8 production were slightly increased after stiatidn with MDP compared to
wild-type

Ex vivodata from patients PBMC and serum showed a sirtnéad for IL13, IL6,
IL8, TNFa and IFN production compared to healthy controls.

PBMC and serum from Blau syndrome patients did slobw higher basal
production of pro-inflammatory cytokines, evenhktconcentration values were
generally higher in serum samples. LPS or MDP datian in PBMC showed a
similar or lower levels of these cytokines tharhealthy controls. Furthermore,
no synergistic cytokine release was observed iremat compared to controls
when muramyldipeptide was used in combination WitR agonist.

All these observations were unexpected since BSknewn to have an
autoinflammatory nature due to its "gain-of-funaticassociated mutations. This
hypothesis predicted that patients with Blau syndrowould spontaneously
release more cytokines that could be transcriplipng-regulated by NFRB
activity (such as ILR). However, recent works in literature also obsdrve
evidence of excess pro-inflammatory cytokines saglL13 and TNF in PBMC
from Blau syndrome patients compared to healthytros[222]. In addition to
this, Son and collegues confirmer vivothat BS is not associated with increased
basal levels of TNé[223].

Focusing on ILB, its responses in PBMCs from subjects with Blandsgme
appeared to be slightly attenuated when comparédtive responses in PBMCs
from the control group, in presence or absencdiwfutation. This suggests that
an exaggerated NOD2 response leading t@ lielease is not a direct mechanism
explaining the pathophysiology of Blau syndromelfilblocking therapy seems
not to be an eligible treatment for BS. In literatsome authors report the use of
biologic anti-cytokine agents such as infliximab] MFa inhibitor and anakinra,
the IL1 receptor antagonist, but the results arekbe, particularly with regard to
ocular morbidity [53, 224].

Levels of the other cytokine measured in PBMC WithD2 mutations were also
not elevated. In patients serum we also evaludteddlease of IL17, IL12, 1L22
and IL23 at basal condition. The high levels of 1.1L22 and IL23 in BS
patients suggested that they might play a sigmficale of in the pathogenesis of
the disease. In literature, those cytokines arensxtely studied in inflammatory
conditions. IL17 is known to be an important préanimatory cytokine
upregulated in chronic inflammation [225]. IL23 Hasen shown to be necessary
for the development and maintenance of certaimmnfhatory disease [226]. IL22
has also a function in inflammation mediated byhpgens and recent data
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suggested that it plays a role in human infecti@d3]. Their role in Blau

syndrome could be deeply investigate.

Our data for IL12 showed that the cytokine concdign significantly decrease in
patients. This down-regulation of IL12 level coexplain or be linked to the low
level of IFNy observed in BS patients. Since the interferon newn to be

involved in granulomas formation and BS presengglomatous features, IyN

would be expected to be higher in Blau syndromeept than in controls.
Further investigations will be necessary to clatifis result.

2 Evaluation of possible biomarkers in autoinflammatay
diseases

Despite major advances in genetics and pathoploggioin autoinflammatory
diseases, not all patients show the expected alifeatures or respond favourably
to drugs, leading to a high morbidity in these dsses.

In this context, the use of biomarkers can helprowmg the identification of
autoinflammatory diseases and developing persauhliz therapeutic strategies.
Biomarkers are defined by the European Health Casion as “a characteristic
that is objectively measured and evaluated as digcator of normal biological
processes, pathogenic processes, or pharmacolegporises to a therapeutic
intervention”. Their strength lies in providing abjective measure to assess
disease severity, progression, risk, and survidaintification of such pattern is a
sizeable problem, but using an integrative apprdadmalyse a great number of
possible biomarkers would represent an enormouarevin the diagnosis and/or
profiling of disease. To enable this, microarragdzh systems will be the high-
throughput assays for measuring cytokines or atbarm proteins and signalling
intermediates possibly associated to autoinflammyatseases.

2.1 Signalling intermediates

Reverse phase protein microarray (RPPA) is a vellgtinew, sensitive and high
throughput functional proteomic technology thaeoéfmany potential advantages
over other current methods used to detect knowtepronarkers such as Western
blotting assay. The high sensitivity and miniatadZormat of lysate microarray
technology, makes it suitable for of large clinit@ls where limited quantities of
thousands of samples may need to be interrogatethéoexpression level of a
defined set of protein markers. In this thesis worRPPA was the eligible
technique to study inflammatory signalling pathwaps PBMC of different
autoinflammatory diseases patients. AdvantagesRBPA are the ability to
provide a descriptive picture of the ongoing statéhe signalling networks from
different cellular samples, and also provide infation about the post
translational modifications such as phosphorylaidinat can not be provided
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using gene study [227]. The success of RPPA expatsndepends mainly on the
presence of specific primary antibodies. Antibodiesre selected for studying
NF-«B, PI3K/Akt, MAPK, JAK/STAT and inflammasome sighay pathways in
the different autoinflammatory diseases.

Since a lot of data have been obtained for eadades we focused on description
of the proteins that better characterize each paghiv Behcetdisease, Adult
Onset Still disease, TRAPS, FMF and Blau syndronikhe other
autoinflammatory syndrome patients (Schnitzel, MiDd NALP12 disease)
were not statistically analyzed, due to the low banof patients enrolled for each
disease.

Behget disease

NF-kB is an important transcription factor that is resagy for the transcription of
many genes involved in inflammatory and immune oesps. Analysis of
microarray data on NkB pathway for Behcet disease showed higher level of
phospho NFe¢B (active form of NF«B) and other upstream component of the
pathway in Behcegpatients compared to healthy controls. We alsodchtitat A20
was upregulated in patients than in controls amgl d¢an reflect the effect of the
higher level of NReB in patients. A20 is in fact an ubiquitin-editirpnzyme
expressed as a result of activation of RB5-even if it can also has a negative
feedback on NReB activation.

The role of PI3K/Akt in regulation of inflammatopyocess is well established, as
several studies have demonstrated the role of RIBKh several inflammatory
diseases such as rheumatoid arthritis, asthma, nichroobstructive
pulmonarydisease, psoriasis, multiple sclerosig, atferosclerosis. The results
obtained from this study indicated higher levelsaofive Akt, phosphorylated at
its key sites (Threonine 308 and Serine 473) arBKRI85 in patients than in
controls, indicating activation of this pathway.3RIAkt activation in turn
activates the NkB pathway. So, the results obtained are consistghtthe ones
described previously.

MAPK is an important inflammatory signalling pathyvaéhat regulates gene
expression, cell survival, cell proliferation, amgoptosis. The high level of
phospho ERK1/2 seen in patients PBMC in comparisooontrols reflects the
activation of this MAPK pathway in our cases of Betdisease. Phospho HSP27
level was higher in patients than in controls. iterature, it is reported that the
level Hsp27 phosphorylation correlated also withKER activation [228],
confirming our results.

The data obtained from STAT3/JAK2/c-Src pathwayvata a higher level only
of phospho STAT1 in patients than in control. Nertture to date was found that
correlate this finding with Behcelisease. However, it is known that STAT1 is a
target gene of ERK1/2, central protein of the MAR¥athway previously
described active in Behcget. Further analysis shdaddperformed in order to
understand better this datum.
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The level of MyD88 was upregulated in patients than controls. The
upregulation of MyD88 may be related to activatmna TLR pathway. Future
microarray studieshould deeply analyze this pathway in Beldisease. None of
the components of inflammasome pathway analyzed detected at a significant
higher level in our cohort of Behcglisease patients.

Adult Onset Still's disease (AOSD)

NF-«xB is considered to be the master regulator of bottate and adaptive
immunity. Analysis of microarray data showed ins&e phospho NkB (active
form) level in patients than in controls. High Iewé other upstream component
of the pathway, in particular phospho IKBwas seen in AOSD patients
compared to healthy controls. The results also skativat increased IKB Kinase
(IKK) levels were associated with more active iKKBhosphorylated form). A20
was upregulated in patients than in controls ai&l ¢an reflect the effect of the
higher level of NF¢B in patients, as previously explain for Behpatients. The
net results of investigating NiEB signalling pathway demonstrated upregulation
of this pathwayin AOSD patients compared to controls. No dataaasalable in
literature to confirm our findings.

PI3K/Akt pathway has a role in several complexanfmatory diseases. The
results obtained from this study indicated highewvels of active Akt,
phosphorylated at Threonine 308 residue, in pati#mn in controls. Upstream
(PI3K p85 and PI3K p100a) and downstream (phospad, Bhospho GSK-3b
and phospho c-Raf) activators of Akt were also gmeat higher level in patients
than in controls, indicating activation of this lpaty. Since PI3K/Akt activation
in turn activates the NkB pathway through phosphorylation of likBthe results
are consistent with the ones described previodsig.observation of high level in
patients of phospho PTEN, known to inhibit PI3K akkt signalling cascade,
have to be deeply investigated. We could spectiteteAkt pathway, due to the
high level of most of the compounds, may be actdiy alternative way rather
than via PI3K.

The upstream regulators of MAPK pathways such a®\HR and phospho
MKK3/MKK6 were studied and found at higher levelpatients. TRAF2 signals
through MAPK induction, primarily through activatioof JNK [229]. Level of
phospho SAPK/JINK are higher in patients than intrads, leading to activation
of this MAPK pathway. Higher level of MKK7, obseyén AOSD patients, was
also related to SAPK/IJNK pathway activation. PhaspiiF2 level were higher
in patients compared to controls. ATF2 is normallgtivated in response to
signals that converge on JNK [230].

High level of phospho ERK1/2 was seen in AOSD pasid>BMC in comparison
to controls, underlining the activation of evenstMAPK pathway. Higher level
of phospho MEK1/2, observed in patients, was upstreelated to ERK1/2
MAPK pathway.
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Concerning JAK/STAT/c-Src pathway in AOSD, we obser a higher level of
phosho STAT3 and phospho c-Src in patients ratier tn controls. The role of
STAT3 as a mediator of inflammation is well docuneehin the literature, since
its activation is promoted by pro-inflammatory atgeas IL6 and TNé&, and there
is a correlation between STAT3 pathway and ¥-pathway. STAT3 is known
to be a target of the non-receptor tyrosine kinaserc [231], so we can
hypothesize that STAT3 may be activated by phogpaioon of c-Src in our
patients. The high level of SOCS3 observed in ptieeals with the activation
of STATS3, since SOCS3 is a target protein of STAIghalling.

Our results showed also higher level of MyD88 in 3D patients than in
controls. This finding may be related to the adtowaof a TLR pathway MyD88-
dependent. In literature, TLR7 MyD88-dependent aligig pathway is described
to be involved in the pathogenesis of adult-onsditsSlisease [232]. To confirm,
future analysis could focus on this other pathwayjgonents.

The inflammasome pathway related studies presemtgter level of caspasel,
cleaved caspasel, BCL2 and phospho BCL2 in patiemtgpared to controls. The
activation of caspasel is the main downstream ewenthis pathway after
inflammasome formation and it is responsible focré@ased ILR production;
furthermore, a higher concentration of fLvas observed in our patients. BCL2
activation is reported in literature to inhibit NRL inflammasome through
inhibition of caspasel activation in a concentrati@pendent manngf33].
Further experiments should be performed in ordesvimluate better NALP1 and
maybe also NALP3 inflammasome related pathway,radento understand the
molecular cause of caspasel activation in our ipigtie

TNF-receptor associated periodic fever (TRAPS)

Activation of NFkB in TRAPS is a controversial issue as some ingasirs
demonstrated reduction of the NB- signalling pathway upon expression of
TRAPS-associated mutations, while others showedegplation [234, 235].
Shedding light on the activation status of N&-in TRAPS is an important goal
in understanding the pathogenesis of the disearalysis of microarray data
showed increased level of NdB and phospho NkB (active form) in patients
compared to controls. Higher level of upstream comemt of the pathway, in
particular phospho IKB and IKK complex, was seen in patients rather timan
controls. Increased IKB Kinase (IKK) levels was asated with more active
IKB o (phosphorylated form).

PI3K/Akt pathway has a main role in several inflaatany diseases. The results
obtained from this study indicated higher levelsaofive Akt, phosphorylated at
both the key residues (T308 and S473) in patiemtspared to controls. Studying
the upper regulators of Akt (PI3K p85 and pl00g tksults demonstrated up
regulation of both proteins in patients in compamiso controls, again indicating
activation of the PI3K/Akt pathway. Higher level dhe phosphorylated
downstream activator GSKB3n patients fits with the activation of Akt expasse
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above. GSK-B is important in improvement of N&B transcriptional activity and
prevention of apoptosis. Since PI3K/Akt activationturn activates the NkB
pathway through phosphorylation of 1lkBthe reported results are consistent with
the ones described previously for MB-pathway.

Two main MAPK pathways (ERK1/2 and SAPK/JNK) were negulated in our
cohort of TRAPS patientsr comparisons to the controls. These results are i
agreement with a study by Stjernberg-Salmela atidagues who demonstrated
low level of phospho P38 MAPK in leukocytes of pats carrying different
TRAPS associated mutations [236]. Among the upstrsimulators of MAPK,
TRAF2 was observed upregulated in patients. TRAHhIDwN to activate NkB

by interaction with IKK complex [237]. So, overergsion of TRAF2, as in our
findings, may correlate with higher levels of MB- detected under the same
conditions. The observed higher levels of MKK7 apkdospho MEK1/2 in
patients correlate with the activation of the twéd\RK pathway, since their role
as upstream activators. We also observed highezl lely phospho ATF2 in
patients, a target protein of the SAPK/JNK pathwdy warrant better
understanding of this complex pathway, further &sicon a bigger cohort of
TRAPS patients have to be performed.

The expression of phosphorylated Jak2 was highgratrents than in controls.
Phosphorylated Jak2 is reported to activate phogfdiomn of several
downstream inflammatory signaling pathways and camepts, such as PI3K
p85, NFxB, MAPK and STATs [238]. Our results seem to présgrsimilar
activation trend, related to the observed activatibinflammatory pathways.
Activated Jak2 also supports STAT3 phosphorylatiSo, the high level of
phospho Jak2 in patients was associated with teereed high level of STAT3
and the related high level of SOCS3, target of SIAE-Src, an important
activator of PI3K/Akt and NkeB pathway mediated by TNF receptor 1 [239],
was found upregulated in patients rather than irrots.

Our results showed also higher level of MyD88 inAHS patients than in
controls. This finding may be related to the adtoraof a TLR pathway MyD88-
dependent. Further investigation have to be perdirnsince TLR signalling can
initiate production of ROS, which are known to Hevated in TRAPS patients
[240].

The inflammasome related pathway analysis resutethigher level of cleaved
caspasel and BCL-XL in patients compared to catrdhe reason of the
presence of activated form of caspasel and itditohiin patients should be
further evaluated.

Familial Mediterranean Fever (FMF)

Among all NFkB pathway components studied in FMF patients, dilg
presented a higher level compared to controls. Tbidd indicate that in our
cohort of patients NikB pathway was not activated, unlike the literataéa that
displayed activation of NF«B by N-terminal pyrin [241]. One possible
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explanation of the different result in our cohat$ fwith the wide heterogeneityof
FMF patients in analysis, also related to the nmnatassociated with the disease.
Concerning the PI3K/Akt pathway, only the upstreaativator PI3K p85 was
shown with higher level in patients than in corgrol'his could mean that this
pathway may be truncated at the beginning of tlymadiing cascade. This
preliminary finding has to be confirmed.

Our data on MAPK pathway showed higher level of qgico ERK1/2 and
phospho SAPK/JINK in patients PBMC in comparisordatrols. Finding a high
level of phospho HSP27, known to be linked to tl#ivation of ERK1/2,
confirms the activation of ERK1/2 MAPK in our cohorRelated to the
phosphorylation of SAPK/INK, we could further stuthys MAPK signalling
cascade in FMF evaluating other upstream and dogarst regulators of this
kinases.

JAK/STAT/c-Src pathway analysis resulted with highevel of phosho c-Src in
patients rather than in controls. To date, no studyliterature presents an
evaluation of this pathway in FMF. Future analydisuld involved this pathway
in a wider group of FMF patients.

Our results concerning the inflammasome-relatedvpay showed a higher level
of ASC, NALP1 and BCL-XL in patients than in corlsoUpregulation of ASC
at transcriptional level was also observed in adoigort of FMF patients carrying
different mutations [242]. Another study focusedtba role of inflammasome in
FMF using animal models. By generating pyrin-mB3@dtk-in mice in a
background deficient in inflammasome componentsstife&xr and colleagues
proved that the disease was dependent on casp&S€land IL1 signalling but
was independent of NLRP3, NLRC4 and AIM2 [243]. Giadings about ASC
activation and also Il high concentration (presented below) may provimaes
evidences for the ASC-dependent NLRP3-independefammasomecausing
FMF, as reported in Kastner work. Further invesingain our cohort of patients
may be helpful to elucidate inflammasome and FM&tien. The higher level of
both NALP1 and its inhibitor BCL-XL in patients ret&o be better inquired, since
it was the first time they were evaluated in FMFEgas.

Blau syndrome

In addition to NF«B pathway, we have also evaluated other signafiatgway in
Blau syndrome patients.

The results obtained from PI3K/Akt pathway studgi@ated higher levels of Akt
phosphorylated at serine 473 in patients than mrots. This finding is consistent
with the activation of the pathway. Moreover, anstogam regulator of Akt
activation, PI3Kp85 were found with higher level patients.Downstream Akt
activators, phospho BAD and phospho GSK-3b, wegkdriin Blau patients than
in controls. BAD is also a pro-apoptotic signallimgolecule but when it is
phosphorylated it loses this function. In liter&tua recent study owild-type
NOD?2 presented that the PI3K/Akt pathway negatively laigs Nod2-mediated
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NF-xB pathway [244]. Our data on patients carrying rmoitap.E383K showed
instead a positive correlation between these twbweys. Future analysis could
deeply investigate this aspect.

P38 MAPK pathway seems to be activated in Blau symeé, due to the presence
of higher level of phospho P38 in patients tharcantrols. The level of phospho
HSP27 as a down regulator of phospho P38 MAPK uss @bserved higher in
patients than in controls. HSP27 is known to bateel to NFKB activation,
enhancing the proteolysis of phosphorylated d{B45].

Analyzing the JAK/STAT/c-Src pathway, the only @ot at higher level in
patients was phospho STAT1. The biological actiatySTAT1 correlated with
pro-inflammatory and antiproliferative responsesliterature, we did not find to
date any studies correlating the disease or NOD&jr to this protein activated.
Further investigation may be helpful to explain oesult. Furthermore, none of
the components of inflammasome pathway analyzed detected at a significant
higher level in our cohort of Blau syndrome patsent

Looking at the heatmaps for the different signgllpathways, it is clear that all
patient groups have raised the levels of signalimglecules compared to the
control group. Moreover, the heatmaps (Fig. 45,58),62 and 68) suggest that
the patterns of the signalling compounds may redéde to individual patients.
For example, in the TRAPS cohort, patient 39 hasedalevels of signalling
molecules across virtually all pathways, whereasept 22 has relatively low
levels across all pahways. Similar comparisonstmmade in the other disease
cohorts. In Behget group, patient 7 presented dehnigevel of signalling
molecules across all pathways, whereas both pathand 28 showed relatively
low levels across all pathways. In AOSD patientti& expression level of all
signalling molecules evaluated raised up; for pasiel9, 20 and 29, it was quite
the contrary. In the FMF cohort, patient 6 haseisevels of all signalling
molecules across the studied pathways, whereaanpa®1 and 31 presented low
levels.

A possible explanation of this patient-related gmattfor signalling pathways may
lie in the peculiar characteristics of each subjsath as treatment type, disease
activity or possible mutations.

Concerning the TRAPS group, higher levels of agjhsiling molecules observed
in patient 39 could be associated with the rareatrant p.D12E carried by this
subject and found in few other cases in literatlites mutation is reported to be
linked with complex symptoms [246], that may beatetl to the pathway
activation observed in this work. We need morerimiation about disease activity
to confirm this hypotesis for patient 39. Lower dés/ of all signalling pathways
compounds were observed in patient 22, similar nesoshowed by healthy
controls. This subject presents some polymorphisnENFRSF1Agene and no
therapy. In this case, it would be useful to kntve symptom presented by this
patients, to infer if the clinical diagnosis wasreat at the light of these results.
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Regarding the Behcget group, there is not enougirnmdtion about the patient 7
to discriminate which one could be associated &iticreased levels of all the
pathways components. Then, we also observed loglden patients 27 and 28,

whose only peculiarity compared to other Behcelepét is belonging to the same
family. Concerning the Still's group, the higherdks in all pathways observed in
patient 13 could be related to the absence of mmeait at the time. Further

information about the disease characteristic ndedse collected, in order to

understand whether the absence of therapy corseldtk higher disease activity.

In patients 19, 20 and 29, the observed lower $eg€imolecules in all pathways

may be related to the treatment. These patientdeanale subjects treated with
kineret (anti IL1lra), proven to be effective in anmber of autoinflammatory

diseases. Also in this case, additional informatdyout disease activity could

confirm the results. For the FMF group, there isermugh information about the
patient 6 to discriminate which one could be asdedi to the increased levels of
all the pathways components. The absence of treditooelld maybe be related to
these results, but activity disease informationuthdoe obtained to justify the

hypothesis. Patients 21 and 31, instead, presdoteer levels of compounds

across all pathways. Since there are no clearlyleaharacteristics among the
features collected for these patients, furtherrmgttion has to be gathered in
order to understand if there are any clinical ctirastics that may be linked to

the results.

It is clear that more information about diseaseviygt age of onset and other

clinical features needs to be collected in futwedll autoinflammatory patients

involved in this studies, to understand better hatextent patients characteristics
might be related with differences in signallinglpaay activation.

2.2 Cytokine profile

Antibody microarray is a high throughput and sewsitechnique, used in this
work to study the cytokines and chemokines maingsented in sera samples
obtained from different autoinflammatory diseadeced patients. Amplification
was the main task for using this technique witlusesamples. Due to the low
abundance of some cytokines, an amplification nekttihat balances signal to
background had to be provided. Even though Genispbéira Amp are 3DNA
dendrimers customized with a variety of labels oréase the sensitivity, the
simple Tyramide amplification provides a higher s@wty with a lower
background. A possible explanation deals with aémh application time and an
increased number of steps the Genisphere techniggeired. This maybe
increases the possibility of aspecific binding,dieg to a higher background
compared to Tyramide amplification.

There are also high correlations between antibodgroarray and ELISA,
indicating that this microarray technique can poédly be used as a diagnostic
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tool for quantification of specific antigen in dlbal samples, especially if the
sample amounts are limiting [70].

Cytokines represent a group of important signallimglecules whose primary
function dwells in immunomodulation of both innated acquired immunity. The
finely tuned network of cytokine signalling has bea subject of many
investigations studies on autoinflammatory diseades particular, the pro-
inflammatory cytokines (IL#, IL6, TNFa, IFNy) are targeted for therapeutic
intervention because of their role in promoting eustaining harmful
inflammation. Spreading theange of investigated cytokines to also IL8, 1L12,
IL17, IL22 and IL23, we would analyse the cytokirpcofile of the different
autoinflammatory diseases studied in this thesis.

Behcet disease

It is doubtless that cytokines play some crucidesoin the initiation and
perpetuation of this disease. We showed a stailtibigher level of IL8, IL17
and IL22, along with a lower level of IL12. The egulation of IL17 was already
documented in literature [247], as well as theti@abetween IL8 and Behcet
disease . IL8 was reported at higher level in actitage of BD in a number of
studies thus far; Gur-Toy @t al reported that the association of IL8 level with
disease activity was better than that of acute @iESR and CRP [186]The
extremely high level of IL22 may points to a possitole of this lymphokine in
the pathogenesis of this disease, as suggestedl€ai and colleagues [248].
All the other evaluated cytokines have not staiadly different levels from
healthy controls. These results move away fromditee, that described elevated
levels of IL1B, IL6, IL12, TNFa [179]. Even IFNy was highly expressed and
considered an important mediator involved in theetlgpment of Beh¢dR49]. A
possible explanation of these different resultaukhbe found in the small cohort
of patients in analysis. The patients presenteadocdi and genetic differences and
the most of them were under treatment at the tilnee analysis. The therapy
may have affected the cytokines' profile in thoagemts.

Adult Onset Still disease (AOSD)

The antibody microarray data showed higher levelalbfthe cytokines and
markers studied in patients compared to healthyralsn This is the first time to
our knowledge that IL17, IL12, IL22 and IL23 areatyated in AOSD patients.
The elevated levels point to a possible role inghthogenesis of this complex
disease. In literature, elevated levels of promfizatory cytokines such as Ig1
IL6, IL17, IL8, IL18, and TNIe were previously described in untreated AOSD
patients, often in association with disease agtivdind/or distinct clinical
phenotypes and serological features [36, 250]. éSihalf of our patients
underwent to ILE blocking treatment, our finding of elevated leved$
proinflammatory cytokines (ILA in primis) appear strange. To understand the
data, we need further information, concerning homgl patients were on therapy
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and if the dosage is sufficient to give amelionatia their conditions. In fact,
since disease severity varies significantly amoifigcted individuals and, even,
within the same individual, patients require comtins and aggressive
immunomodulatory treatment.

TNF-receptor associated periodic fever (TRAPS)

The antibody microarray data were a mean of ak @dtained from all TRAPS
patients carrying different mutations. Interestimgpuld be the analysis at
cytokines levels for each mutation, if the cohoft patients had been more
consistent. To a better analysis of the diseasereistudies with a bigger cohort
of patients will be performed.

The data showed higher level of IL8, IL17, IL22,2B, IFNy and TNFe in
patients compared to healthy controls. fLigvel was not increased, due to the
fact that most of the patients are currently undekf blocking treatment
(canakinumab or anakinra). IL8 and TiNiacreased levels were also presented in
literature for a mutation implied in TRAPS [251].

The extremely high level of IL22 may points to agble role of this cytokine in
the systemic inflammation in the joints, skin andsties, as suggested also by
Nakamura and colleagues [252]. In literature, thle of IFNy, IL17 and IL23 has
not been investigated yet. Their upregulation magdrrelated with the disease.

Familial Mediterranean Fever (FMF)

The antibody microarray data showed higher levels b, IL6, IL8, IL17, IL22
and IL23 in patients compared to healthy contrMest of the patients were
under colchicine treatment. Haznedaroglual reported that IL17 levels were
significantly higher in regularly treated FMF patie compared with healthy
controls, as shown by our data [253]. Levels offére higher in patients than
in controls, as presented in literature by Koklid awlleagues. Moreover, they
reported that colchicine did not affect circulatiiiNy levels [254]. Concerning
IL6 and 1L23, a study by Pamudt al did not show any increase in the level of
these cytokines in treated patients compared térasn unlike our data [255].
The incredibly high level of IL22 may play a sigonént role in the pathogenesis
of FMF, but there is no data in literature to camfithis finding. Then, it would be
interesting to evaluate the cytokines secretion pred post- febrile attack, to
assess any changes in the cytokinic profile.

Summarizing, in Behcet disease only IL8, IL17 abh®2l are significantly raised,
whereas in AOSD all the measured cytokines areifgigntly heightened. Most
cytokines are raised in TRAPS or FMF, although bt significantly. For
example, IL12 is slightly increased in FMF, evennidt at significant level;
instead, it is clearly not raised in TRAPS. Thus,aould argue that the cytokines
analyzed in this work could help to distinguish theéoinflammatory diseases in
term of number of cytokines raised, as follow: B#k§ RAPS<FMF<AOSD.
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This hypothesis needs to be sustained and validatddrther studies including
bigger samples size and different autoinflammatlisgases, such as CAPS and
MKD. So, if confirmed, the evaluation of the numloéraised cytokines could be
a new way to stratify autoinflammatory diseasesep&, maybe in borderline
cases.

Some considerations can be made observing theiogtpkofile graphs across all
the studied diseases (Fig. 73, 74, 75 and 76). ofthe cytokines significantly
raised in all four autoinflammatory disorders (Behh¢TRAPS, FMF and AOSD)
are IL8, IL17 and IL22. IL23 could be added at ths, even if it is not
statistically significant in Behget disease. Whsitparticularly striking is the
upregulation of 1L17/22/23. This would clearly segyy an important role for
Th17 or Th17-like cells in autoinflammatory disess&nce Th17 cells, which are
directly involved in and mediate chronic inflamnaattj are characterized by the
production IL17 and IL22 as well as the recruitmentneutrophils and other
inflammatory cells. IL23, which promotes Th17 ad#ivelopment as well as IL17
and IL22, plays essential roles in various inflantomadiseases [256]. Targeting
Th1l7 cells and their related cytokines (IL17/22/28)ay be an effective
therapeutic approach for autoinflammatory diseaségure.

A linkage between Thl1l7 cells and autoinflammatoisedses is discussed in
literature on studies about cryopyrin-associatedode syndromes, familial
Mediterranean fever, Behcget and Adult onset Stdiseases. In gene-targeted
mice expressing CAPS mutations, the inflammasomeefagctivation resulted
from excess ILf production potentiates Th17-dominant immune respsfi257].
Ovadia and colleagues suggest the presence ofghtéeed Thl7 response in
FMF, related with frequent attacks and FMF genotj®®&8]. Upregulation of
Th17 shows a correlation with Behget [247] andI'Stdisease [225] progression.
A better understanding of the involvement and fmegpathogenic role of Th17
cells in our group of autoinflammatory diseasesumes, however, further
investigation and a bigger cohort of patients.
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Conclusions

CONCLUSIONS

In conclusion, this is the first time that the niiga p.E383K inCARD15/NOD2
associated with Blau syndrome has been functioeaifyuated.

According to ourex vivoandin vitro studies on cytokines levels, it seems that
there is not a primary mediation of I[Rland other pro-inflammatory cytokines in
Blau syndrome patients carrying p.E383K, with tikeeption of IL17, IL22 and
IL23. The role of these Thl7-related cytokines tioalse deeply investigated.
Concerning ourin vitro and ex vivo data on NReB pathway, the reported
contrasting results may indicate that this pathaetyvation should be regulated
not only by NOD2 in carriers of p.E383K mutatiorurther experiments need to
be done in order to clarify these results, usitiipdntin vitro models.

From the microarray studies on a wide range of iafllmnmatory diseases, we
can firstly conclude that both techniques (revetsagse protein array and antibody
microarray) are valuable in studying signalling hvedys, cytokines and other
inflammatory markers. Moreover, they are sensiéimd accurate in quantification
of different regulatory proteins.

When compared with healthy controls, the results tie the identification of
raised levels of many of the tested signalling watycomponents including NF-
kB, PI3K/Akt, MAPK, Jak2/STAT3/c-Src and inflammaseyrand also of Th17-
related cytokines 1L17/22/23. We acknowledge sommédtions in these studies:
(1) small samples size and (2) few information dsedse activity and clinical
parameters. However, this thesis work is the sigioint for further biomarkers
evaluation in autoinflammatory diseases, beginrfiogn Th17 cells and their
related cytokines. Analysis of the significant nooikes from signalling pathways
with biostatistical models will be required to gemte specific diagnostic
algorithms and to identify valuable biomarkers o used as targets for specific
therapeutic intervention.
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