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NMAOOIENEIA 2EA - Il. ENEPTOMNOIH2H BAABH2 TEAIKOY OPTANQY

Migliorini A et al. Nat Rev Nephrol 2012



NMAOOIENEIA 2EA - Il. ENEPTOMNOIH2H BAABH2 TEAIKOY OPTANQY

D ———————— —
ﬂ}—iﬁ*‘}_’:—_ / Podocyte injury
= '

Mesangial cell
activation

Glomeruli L -f-
Endothelial cell
activation
Soluble
mediators
RS Lymphocytic infiltration _
Collecting duct % Dendritic cell
Endothelial activation Dendritic cell activation Y Autpantibody
and death
Loop of Henle *  Complement proteins

Tubular atrophy

O Mesangial cell

@ Lymphocyte

Fibrosis |-

Davidson A et al. Nat Rev Rheumatol 2010



NMAOOIENEIA 2EA - Il. ENEPTOMNOIH2H BAABH2 TEAIKOY OPTANQY
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NMAOOIENEIA 2EA - MOAYNAOKH KAI AAIEYKPINIZTH
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HIGH-THROUGHPUT STUDIES IN SLE

U Oev emnpeadovtal oo EMLOTNOVIKEC UTTOBEDELC
U apepoAnmin mpoogyyLlon yia tn Slepelivnon TTOAUTIAOKWY VOO ULATWY, OTtwC 0 2EA
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TRANSCRIPTOMICS (GENE EXPRESSION STUDIES)

A. HYBRIDIZATION-BASED TECHNOLOGIES (MICROARRAYS)
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TRANSCRIPTOMICS (GENE EXPRESSION STUDIES)

B. NEXT GENERATION SEQUENCING TECHNOLOGIES (RNA-Seq)

mRMNA or total RNA
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* High throughput
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* Analyzes billions of fragments at the nt level

* Quantifies low-abundance transcripts
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 Low amount of RNA is needed

 Not requiring a priori knowledge of sequences
* Identifies de novo events
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MICROARRAYS ZE MEPIOEPIKO AIMA KAl MYEAO TQN O2TQN

Inactive SLE Active SLE pI'OdI? ;TETHE::FH Ns microRNA Predicted gene targets microRHA Predicted gene targets
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o LYZ HOXCE, HOXAT, S0C54 RASSF1, JMJID3, SOX6
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CTG SF1, PPPACC, ELN BMF, PBX1, BAX
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=== _:_%— FOX03A BCL2, FGF2, CCND2 CDKN1A, BTG1, NFATS
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KO 6[(1'((1an|’] WV VOVL6 LWV aUTOd)(IVL(IQ Stagakis et al. Ann Rheum Dis 2011
Nakou et al. Arthr Rheum 2008



RNA-Sequencing 2E NZB/W-F1 NPOTYNA AYKQY
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RNA-Sequencing 2E NZB/W-F1 NPOTYNA AYKQY
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RNA-Sequencing 2E OAIKO AIMA AZOENQN
>50% acBevwv pe peTpLa N peyain ocopfapotnta 2EA pe LN i NPSL

SLE patients (n = 148) Healthy individuals (n = 58)
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Panousis*, Bertsias* et al. Submitted



RNA-Sequencing 2E OAIKO AIMA AZOENQN

What is the molecular basis for organ-specific SLE?

clinical SLEDAI-2K SLE status (Physician)

Disease status & organ Group N Mean SD Inactive LDA Active
Active — renal 1 34 11,1 4,5 0% 3% 97%
Active — CNS/cardiorespiratory/vasculitis 2 17 89 43 0% 5% 95%
Active — hematological 3 16 4.6 2,7 0% 18% 82%
Active — skin-joints 4 29 _ 4,9 _ 2,0 | 0% . 41% _ 59%
Inactive — serologically active 5 14 0,0 0,0 100% 0% 0%
Inactive — serologically inactive 6 32 0,0 0,0 100% 0% 0%
Healthy 7 58

Comparisons DE genes 5% FDR
Group 1VS Group 7 (SLE Active Nephritis) ‘ 4860
Group 1VS Groups 2,3,4 (SLE Active Nephritis vs SLE active from other organs) 136
Group 1VS Groups 5,6 (SLE Active Nephritis vs Inactive SLE ) 1375
Group 5VS Group 6 (SLE inactive/serologically active VS SLE inactive/serologically inactive) 0

U Ta neplocotepa Stadpopika ekppalopeva yovidia (AEl) oto ailpa Atav

oTouC aoBeveic pe evepyo vedpitido AUKoOU
Panousis*, Bertsias* et al. Submitted



RNA-Sequencing 2E OAIKO AIMA AZOENQN
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U Ta AET oto aipa acBevwv pe vedpitida AUkou (Vs evepyd ZEA xwpig LN)
elvall EUMAOUTIOHEVA O€ yovidla evepyomoinong ovdetepodilwyv
U MBavol Beparmneutikol otoyotl

Panousis*, Bertsias* et al. Submitted
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OYAETEPOODIAA
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Cellular and Molecular Immunology. 7t edition. AK Abbas, AH Lichtman, S Pillai



OYAETEPOOIAA

* Awadopornoinon SC tou MO (G-CSF)

* Mn &bk avooia - TPWTN YPAUA QUUVOLC

* MikpO¢ xpovog {wng (1.5 - 8 wpeg)
ﬂ __ e [loAvpopdomnupnva WBC
e MoAuloBwTOC IUPNVAC

e Kokkia pe evivpa
(MPO, NE, Lactoferrin, MMP9 k.a)



METANAZTEY2ZH 2TH ©OEZH OAETMONH2
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Wright HL et al. Nat Rev Rheumatol 2014



MHXANIZMOI APA2ZHZ OYAETEPOODIAQN

Phagocytosi Degranulation NETs

Kolaczkowska E et al. Nat Rev Immunol 2013



NEUTROPHIL EXTRACELLULAR TRAPS (NETS)

Granule protein

Somge rapped
o AN

microorganism

Neutrophil

METosis NET formation is

LPS, Cytokinesand | e Chromatin associated with bacterial
TL chemokines decondensation clearance but also with
Platelet ® Nuclear membrane thrombosis, sepsis and SLE

disintegration

U Ividia xpwpativng Sltakoopnueva Pe TIPpWITEIVEC
nou areAevBepwvovTtal arno Ta Kokkio twv ovdetepodilwy, otav teBavouv pe NETwon

U H NETwon amotelel pla vea popdn kuttaptlkol Bavatou

Mantovani A et al. Nat Rev Immunol 2011



Tissue damage

2YNOMIAIA ME AAANA KYTTAPA
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Mantovani A et al. Nat Rev Immunol 2011



2YNOMIAIA ME AAANA KYTTAPA
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Mantovani A et al. Nat Rev Immunol 2011
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MOIOTIKEZ KAI MOZOTIKEZ AIATAPAXEZ OYAETEPOODIAQY

KOttapo Aukou (LE cell)

U Alatapoxn doyokuTTapwons, alénon oCUCOWPELONC Kol OUSETEPOTIEVI

Brandt L et al. Scand J Haematol 1969

Abramson SB et al. Arthr Rheum 1983
https://imagebank.hematology.org



OYAETEPOODIAO: ZYNAE2ZH MH EIAIKHZ KAI EIAIKHZ ANOZIA2
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Ganguly et al. Nat Rev Immunol 2013
Kaplan MJ. Nat Rev Rheumatol 2011



NETS 2TO 2ZEA KAl TH NEDPITIAA
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Mantovani A et al. Nat Rev Immunol 2011



Untreated

NETS 2TO ZEA (AMNO AZOENH ME NEOPITIAA)

Active SLE serum

Frangou E et al. Ann Rheum Dis 2018 accepted after revision



MHXANI2ZMO2 APA2H2 TQON NETS
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* Autoimmunity * Tumour-associated * Coagulation in cancer (SLE and RA)
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* Diabetes * Organ damage in occlusion
cancer and ischaemia— * Sepsis
reperfusion injury

Papayannopoulos V. Nat Rev Immunol 2018
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MICROARRAYS ZE MEPIOEPIKO AIMA KAl MYEAO TQN O2TQN

Inactive SLE Active SLE pI'OdI? ;TETHE::FH Ns microRNA Predicted gene targets microRHA Predicted gene targets
ELA? HIPK1, EPN1, SRF PDCD4, TPM4, PLAGY
o LYZ HOXCE, HOXAT, S0C54 RASSF1, JMJID3, SOX6
CD24 PPARA, E2F1, PKD2 TRAF7, MNT, NARG1
DEFA MALZ, MGA, IRF1 SOCS6, NOVA1, PTEN
CTG SF1, PPPACC, ELN BMF, PBX1, BAX
- Apoptosis of granulocytes GDF6, INSR, SEMA3A PU,1, FADD, C-MAF
—— —_— Annexin BCL2, COKE, FGF2 BIM, NFATS, CDG9
=== _:_%— FOX03A BCL2, FGF2, CCND2 CDKN1A, BTG1, NFATS
=— E i . CXCR4 ELK1, C-MYB, IRAK2 MTF1, PARPS, PCAF
_ _E = LYN STAT3, C-MYC, HMGAZ DAG1, TRAFT7, CHES1
:é—— \ Adhesion genes {I nteg dn family] HMGAZ, IGF2BP1, TRIMT FOXO1A, ABIZ, TOX
—=— _—§= . ITGR2 (CD18) HMGAZ, YOD1, TBFBR1 KIS, DNMT3B, MEOX2
cDNA microarray analysis (BM) MAP3KT1 EPHA4, FIGN, IGFIR MITF, DNMT3B, MEOX2
ACTB, ACTG1 CPEB3, PAK4, IR52
ARPC3

U OLaoBeveic pe evepyo ZEN skdppalouv pia toxupn «tavtotnta» ovdetepodpilwv
KO 6[(1'((1an|’] WV VOVL6 LWV aUTOd)(IVL(IQ Stagakis et al. Ann Rheum Dis 2011
Nakou et al. Arthr Rheum 2008



AYTOODATIA

OMOoLOOTATLKOC KOTOBOALKOC LLNXOLVIOLOC
To KUTTOPO SLOOTIA TAL CUOTOTLKA TOU OE€ CUVONKEC KUTTAPLKOU OTPEC

JUUUETEXEL OE KUTTOPLKEC OLEPYAOLEC: KUTTAPLKOC KUKAOC, puBULON EVEPYELALC,
OlVOOLOKN oavtnon

(CO0L@®

Phagophor Autophagosome Autophagolysosome

Lysosome

@Opaykou kat cuv. EAAnvikr PeupatoAoyia 2014



Peripheral neutrophils
Control

TA OYAETEPOO®INA TQON AZOENQN ME ZEA
EKDPAZOYN AY=HMENA ETIMEAA AYTOODATIAZ

Active SLE
Inactive SLE

Frangou E et al. Ann Rheum Dis 2018 accepted after revision



2TO ZEA, H AYTOOQATIA OAHTEI 2E NETS ME TF KAI'IL-17
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Frangou E et al. Ann Rheum Dis 2018 accepted after revision




TA TF- KAI'IL-17-NETs ENTOMIZONTAI 2TOYZ NEOPOYZ AZOENQN ME LN
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Frangou E et al. Ann Rheum Dis 2018 accepted after revision



TA TF- KAI'IL-17 NETs EMIAPOYN 2E NMOAOKYTTAPA KAI INOBAAZTEZ

__ Active SLE NETs

Lanital NE B

Frangou E et al. Ann Rheum Dis 2018 accepted after revision
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OYAETEPOODIAO QzZ OEPANMEYTIKOZ 2TOXO2

¢ Neutrophil depletion
Blood

Reverse
migration

Endothelium

Stimulation

of reverse
migration

e.g. with
tanshinone llA

Inflamed tissue

Apoptotic
Macrophage neutrophil

= Blockade of ROS production

(e.g. with antioxidants)
* RHOA inhibition (e.g. with statins)
= Activation of LXR and PPARy

e MNeutrophil-derived

d Induction of pro-resolution tissue environment

Promotion of neutrophil
apoptosis e.g. by CDK9
inhibition

microparticles and
pro-resolving lipid

i o
mediators \E} T
O

l OT1GFB

Promotion ?f » | Macrophage reprogramming
efferocytosis and production of pro-resolving

mediators

Papayannopoulos V. Nat Rev Immunol 2018



OYAETEPOODIAO QzZ OEPANMEYTIKOZ 2TOXO2

¢ Neutrophil depletion
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a Inhibition of NET release
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ET-1 Thrombus formation
\ TF:FVlla
thrombin
REDD1
Podocytes
e IL-17

NETotic neutrophil
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Fibroblasts

Frangou E et al. Ann Rheum Dis 2018 accepted after revision
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Bosentan Thrombin inhibitors *

PAR blockers

Thrombus formation

ET-1 Hydroxychloroquine

\ TF:FVlla
thrombin
REDD1
Podocytes
/ IL-17

NETotic neutrophil

gilies Secukinumab
L-ascorbic acid

Fibroblasts

Frangou E et al. Ann Rheum Dis 2018 accepted after revision
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DIAGNDSIS & MCNITCRING

BIOTPAMNEZA A2OENQN ME 2EA

PATIENT COHORT la (Discovery)
(active & inactive SLE)
150 patients, cross-sectional

|

RNA sequencing
Bioinformatics analysis

./l\

PATIENT COHORT Il

PERSCNALISED THERAPY

PM?ENT COHORT Ib (Validation) PATIENT COHORT Ic
(Disease controls) ; G
200 patien 150 patients, longitudinal
e follow-up
PATIENT COHORT llla

(Treatment - Discovery)

50 patients on treatment longitudinal
follow-up for 3t least 2 years

I

RMNA sequencing
Bioinformatics analysis

l

PATIENT COHORT liib
(Treatment - Validation)

100 patients on treatment longitudinal
follow-up for at least 2years

MPOONTIKH KATATPA®H NEDPITIAQN A
ANEYPEZH OEPANEYTIKQN 2TOXQN KAl
EMAAHOEYZH BIOAEIKTQN THZ RNA-Seq.

1. Cohort avakaAvdng (150 aoBeveic)
2. Cohort emaAnBevong (500 aobeveig)
0pOC
OALKO TTEPLPEPLKO alua
(PBMC, CD4, CDS8, B cells, CD14)
UUEAOC TWV 00TWV
VEQppPOI, depua
ovupa, Kompava



DIAGNDSIS & MCNITCRING

BIOTPAMNEZA A2OENQN ME 2EA

PATIENT COHORT la (Discovery)
(active & inactive SLE)
150 patients, cross-sectional

|

RNA sequencing
Bioinformatics analysis

./l\

PERSCNALISED THERAPY

PATIENT COHORT Ib | mnmmT : PATIENT COHORT lc
(Disease controls) ; G
200 patients 150 patients, longitudinal
follow-up
PATIENT COHORT llla

(Treatment - Discovery)

50 patients on treatment longitudinal
follow-up for 3t least 2 years

I

RNA sequencing
Bioinformatics analysis

l

PATIENT COHORT liib
(Treatment - Validation)

100 patients on treatment longitudinal
follow-up for at least 2years

MPOONTIKH KATATPA®H NEDPITIAQN A
ANEYPEZH BIOAEIKTQN 2OBAPOTHTAZ KAI
ANTANOKPIZHZ 2TH OEPAIEIA

3. Cohort avakaAvdng Bepaneiog (50 acOeveig)
delypata oe paxtubes
npwv tn Bepaneia kat 1, 6, 12 uAvecg peta

4. Cohort emaAnBevong Oepamnciag (100 acbeveig)
otePoELdN,
AZA, MMF, KOM,
rituximab, belimumab, anti-CD40L



OMICS INTEGRATION ZE ANOPQITO KAI ZQIKA TTIPOTYNA
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HIGH-THROUGHPUT TECNOLOGIES

RNA-sequencing

Single-cell RNA-sequencing
CYTOF (kuttapopetpia palog)
Metabolomics

Proteomics

Microbiomics

OPOOAOIA TONIAIA - OAOI

Long non-coding RNAs
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PRECISION DIAGNOSTICS AND PERSONALIZED THERAPY

SLE Patients

é
d\a 2@
* SLE has a distinct molecular signature that can be used for ( \
molecular diagnostics. =) | =)
 Each lupus patient has a distinct molecular profile that —— Gene Expression
dictates/correlates with the clinical phenotype of the =
disease and its response to a specific treatment modality. i"i
1\;’ . %E
-Lupus molecular signature: early diagnosis g | Mesmyvsie ‘i:
-Lupus activity molecular signature: monitoring E = C
and prognosis » \\,/ -
- Personalized SLE index: stratification —— SLE Index

Group A Group B Group C

Severe vi Mild &

Activity-Severity
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