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SLE PATHOGENESIS IS COMPLEX

Lupus often starts at a young age. Very long disease course...
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GENETIC CONTRIBUTION TO SLE IS ~30%
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GENETIC CONTRIBUTION TO SLE IS ~30%

Genetic information is transferred from DNA to proteins through mRNA
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GWAS - ENCODE Project

e 76% of human genome is transcribed
In the traditional view “junk™ DNA was not thought to be transcribed into RNA. Now the ENCODE
project has found that it is, but no one is sure what function the resulting RNAs perform
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v" Non-coding and regulatory genomes are important in human disease



NOVEL APPROACHES TO CHARACTERIZE
NON-CODING AND REGULATORY GENOMES IN HUMAN DISEASE



NOVEL APPROACHES TO CHARACTERIZE

NON-CODING AND REGULATORY GENOMES IN HUMAN DISEASE
A. HYBRIDIZATION-BASED TECHNOLOGIES (MICROARRAYS)
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Frangou E et al. Eur | Clin Invest 2013

MOLECULAR SIGNATURE OF SLE
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v' Unanswered questions and unmet needs still exist



NOVEL APPROACHES TO CHARACTERIZE
NON-CODING AND REGULATORY GENOMES IN HUMAN DISEASE

B. NEXT-GENERATION SEQUENCING TECHNOLOGIES: RNA-Seq

ADVANTAGES

Massively parallel sequencing
Discovery of low frequency variants
Association of variants with phenotypes

Identify de novo:
alternatively spliced or fusions transcripts
RNA-editing
allelic imbalance events
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AIM OF THE STUDY

is to further investigate SLE etiopathogenesis
through a comparative transcriptomic and genomic analysis in

A.  murine lupus model
B. in human LN

using RNA-Seq
(unbiased and not-requiring-a priori hypothesis NGS approach)



MATERIALS AND METHODS

1. MURINE STUDIES
Female NZB, NZW, NZB/W F1, B6
B6: not autoimmune
NZB, NZW: limited autoimmunity
NZB/W F1: lupus-like phenotype
classical model of human lupus
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MATERIALS AND METHODS

1. MURINE STUDIES
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NEPHRITIC STAGE

Proteinuria >300 mg/d
for 3 consecutive days



MATERIALS AND METHODS

PERIPHERAL BLOOD COLLECTION (serum autoantibody detection)
ANIMAL PERFUSION WITH PBS

KIDNEYS, SPLEEN, BRAIN EXTRACTION, BM (total RNA, protein, DNA)
KIDNEYS STORED in paraffin blocks (RT), OCT (-80°C)

TOTAL RNA EXTRACTION (Trizol-based method for RNA-seq)

DNA EXTRACTION (GWAS to generate SNP datasets)



MATERIALS AND METHODS

2. HUMAN STUDIES (MALES AND FEMALES)
Frozen kidneys from proliferative LN (n=30)
Frozen normal kidneys adjacent to cancer (n=30)

(Nephrology Department and Renal Histology Department
«Laiko» Hospital of Athens, University of Athens)

* TOTAL RNA EXTRACTION (Trizol-based method for RNA-seq)
e DNA EXTRACTION (GWAS to generate SNP datasets)



MATERIALS AND METHODS

3. RNA-SEQUENCING
[llumina HiSeq Analyzer (University of Geneva, Prof. E. Dermitzakis)

Each RNA sample (1-2 pg of total RNA, A260/A280 > 1.8) will be
sequenced with 37-bp paired end in one sequencing lane
e Each paired-end read will be quantified for individual exons and genes
given known transcripts (mouse and human alignment)
 Each paired-end read will be normalized for insert size variability using regression
e Transcript abundance will also be quantified using the FluxCapacitor method

4. GWAS (Whole genome)

High-density exome core chips
SNP dataset generation for NZB/W-F1 and humans
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DIFFERENTIALLY EXPRESSED GENE TRANSCRIPTS

1. represent tools to study novel molecular mechanisms and novel therapeutic targets

2. could be used as biomarkers of disease activity, severity, morbidity and response to therapy
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ii. Autophagy and SLE



INTRODUCTION



SYSTEMIC LUPUS ERYTHEMATOSUS (SLE)

Active SLE patients express a strong neutrophil signature

Inactive SLE Active SLE

[

Nakou et al. Arthr Rheum 2008



SYSTEMIC LUPUS ERYTHEMATOSUS (SLE)

Active SLE patients are characterized by
upregulation of autophagy genes
and by differential expression of miRs targeting autophagy genes

miR microarray analysis (PBMC)

microRHNA

Predicted genetangets

HIPK1, EPN1, SRF
HOXCE, HOXAT, SOCS4
PPARA, E2F1, PKD2
MAL2Z, MGA, IRF1

SF1, PPPACC, ELN

GDF6, INSR, SEMA3A
BCL2, CDK6G, FGF2
BCL2, FGF2, CCND2
ELK1, C-MYE, IRAK2
STAT3, C-MYC, HMGA2
HMGAZ, IGF2BP1, TRIMT
HMGAZ, YOD1, TBFBR1
EPHA4, FIGH, IGF1R

CPEB3, PAK4, IRS2

Stagakis et al. Ann Rheum Dis. 2011; 70

microRHNA

Predicted gene targets

PDCD4, TPM1, PLAG1
RASSF1, JMJD3, S0X6
TRAFT, MNT, NARG1
50CS6, NOVA1, PTEN
BMF, PBX1, BAX

PU,1, FADD, C-MAF
BIM, NFATS, CD&9
CDKN1A, BTG1, NFATS
MTF1, PARPS, PCAF
DAG1, TRAF7, CHES1
FOXO1A, ABIZ, TOX
KIS, DNMT3B, MEOX2
MITF, DNMT3B, MEOX2



AUTOPHAGY

« Homeostatic catabolic mechanism
» Cells break their own components
 Isinvolved in cellular processes:

cell cycle, energy regulation, immune response

CC-O0:x®

Phagophor Autophagosome Autophagolysosome

Lysosome



WHAT IS THE MECHANISM OF TISSUE INJURY IN SLE?

PMNs and NETosis

* Novel form of cell death . hf T

N&? Autpantibodies
A FeR

 PMNs release chromatin filaments
decorated with proteins and enzymes

released from granules
(MPO, elastase, cathepsins etc)

* Neutrophil Extracellular Traps (NETs)

* Implicated in several diseases: SLE

NET Release NET Release

PN ONA @ TNF QI8 @ IFNs ‘:—1 Histone () LL3T
& Myeloperceidase  [T] MNeutrophil Elastass




TISSUE FACTOR (TF)

is the main in vivo coagulation initiator

Through TF-thrombin axis: coagulation cascade
Through PAR activation: inflammation

Inflarmmatosy . TF
Environment
?:'_-_}' Autophagosome
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In PMNs:
Intracellular localization of TF
Extracellular delivery of TF through NETs

Kambas K et al. Front Immunol 2012; 3: 385



HYPOTHESIS

In SLE patients, autophagy mediates the delivery of TF to NETs

AIM OF THE STUDY

is to investigate the role of TF-decorated NETs in SLE



MATERIALS AND METHODS

NUMBER
SEX
Males 10 (63%) 1 (7%) 0 (0%)
Females 6 (37%) 13 (93%) 4 (100%)
MEAN AGE (years) 30.4 28.35 ?
SELENA SLEDAI SCORE - >6
Anti-PL abs - 3 0

* Subjects receiving anti-PLTs or anticoagulants were excluded



MATERIALS AND METHODS

Serum and PMNs isolation (double gradient centrifugation - Ficolls)
PMNs viability >95% (Trypan blue staining)
PMNs purity >95% (Giemsa staining)




RESULTS



1. ACTIVE LUPUS PMNs EXPRESS INCREASED AUTOPHAGY LEVELS

A. Immunofluorescence for LC3B B. Immunoblotting for LC3
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2. ACTIVE LUPUS PMNs UNDERGO INCREASED NETOSIS IN AN AUTOPHAGY-DEPENDENT MANNER

A. Immunofluorescence for MPO/DAPI B. MPO/DNA complex ELISA in serum
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3. AUTOPHAGY MEDIATES THE RELEASE OF ACTIVE TF ON SLE NETs,
LEADING TO TROMBIN GENERATION

A. Immunofluorescence for TF/LC3/DAPI B. Thrombin-antithrombin complex assay
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4. SLE SERUM INCREASES AUTOPHAGY IN HEALTHY PMNs

A. Immunofluorescence for LC3 B. Immunoblotting for LC3 and p62
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control

Autophagy inhibition/SLE serum

5. SLE SERUM INDUCES AUTOPHAGY-DEPENDENT NET RELEASE

A. Immunofluorescence for MPO/DAPI

SLE serum
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6. SLE SERUM UPREGULATES TF LEVELS IN HEALTHY PMNS
AND INDUCES TF-DECORATED NETOSIS IN AN AUTOPHAGY-DEPENDENT MANNER

A. Immunofluorescence for TF/DAPI B. Immunoblotting for TF
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7. TF-DECORATED NETs INFILTRATE THE KIDNEYS OF PATIENTS WITH LN




CONCLUSIONS

v" PMNs from active SLE patients express increased autophagy levels

v" PMNs from active SLE patients release TF-decorated NETs in an autophagy-dependent
manner, leading to thrombin generation

v TF-decorated NETs infiltrate the Kidneys of LN patients

v Ongoing experiments investigate the role of TF-decorated NETSs on renal injury



DISCUSSION

e NETs are scaffolds with accumulated bioactive molecules

* NETs remain in target tissues even when PMNs are not present
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Mesanglal cells

v Inflammation and hypercoagulation in SLE
v Glomerular microthrombi deposition and glomerular endothelial injury

Kambas K Ann Rheum Dis. 2013
EULAR/ERA-EDTA recommendations for the management of LN. Bertsias GK. Ann Rheum Dis. 2012
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