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[ToAAoi duvnTikoi aTOX0I OTO 2ZEA ada

 AuokoAiec aTn vooo

Ta epwrAuara:

1.[Mo10¢ Beparreutikog aroyoc? 2. MNoia ekdnAwan tou 2EA ( dnA yevika 2EA 1 vegpitida)
3. 2X€01a0OC TTPOOONKN, UN KaTwTepOTnTa, UE 117 4. KataAnkrika anueia.
Amotuyiec: T yaBaye ammd autéc -Rituximab (anti-CD20 mAb). AMe¢ amoTtuyieg
Emituyiec: Benlysta 11 pdBape améd autég ? O deiktng SR

Néec BioloyikéC ae peAétec aong I

NEa popia pIKPA Kal HEYOAQ O€ OPXIKEC MEAETEC

NEEC XPAOEIC KAl ETTAVATOTIOBETNON EYKEKPIPEVWV QAPPAKWY



[MoAAoi duvnTikoi oTé)01 OTO LEA



MoAAoi duvnTikoi oTdX0I 0TO ZEA S10pKWwe auavouevol
1999 : B and T cells and autoantibodies

 Antigen-driven, T cell dependent production of auto-
antibodies. Known antigens (histonic proteins)

 Cytokines: IL-10, IFN-a and IFN-g play a role in the
pathogenesis

 Co-stimulation-T cell help: Role of co-stimulatory
molecules: CD40L, CTLA4Ig

» Formation of immune complexes and activation of the
complement resulting in tissue injury

« Cytotoxicity-direct auto(ab)-mediated and cytokine -T
cell mediated injury

The role of innate immunity limited at complement and IFNa. TLRs and dendritic cells were not in our vocabulary. Genes?



H eTavaotaon Twv TEXVIKWY UPnAng amodoong

High-throughput technologies for identification of novel risk genes and targets in SLE

Level 1: gene polymorphisms
-Genome-wide association studies and functional genomics

Level 2: Gene expression
-cDNA microarrays

Level 3: Regulation of gene expression (post-transcriptional, translational,
post- translational)

-miRNAs
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Level 4: Proteomics and Metabolomics D N _ Transeripts
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Peripheral Blood and Bone Marrow cDNA Arrays
cDNA microarrays: In addition to the IFN signature active SLE patients express a strong

neutrophil and autophagy signature especially in the bone marrow
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REPORTS

Neutrophll. EXtracel.IUIar Traps Serum and PMNs isolation (double gradient centrifugation - Ficolls)
Kill Bacteria PMNss viability >95% (Trypan blue staining)
Volker Brinkmann," Ulrike Reichard,"? Christian Goesmann,"? PMNs plll‘ity >95% (Gielnsa Stailling)

Beatrix Fauler,” Yvonne Uhlemann,? David S. Weiss,?
Yvette Weinrauch,? Arturo Zychlinsky®*

Neutrophils engulf and kill bacteria when their antimicrobial granules fuse with “ :
the phagosome. Here, we describe that, upon activation, neutrophils release y ‘ ﬁ‘
granule proteins and chromatin that together form extracellular fibers that bind |
Gram-positive and -negative bacteria. These neutrophil extracellular traps .

(NETs) degrade virulence factors and kill bacteria. NETs are abundant in vivo »

in experimental dysentery and spontaneous human appendicitis, two examples

of acute inflammation. NETs appear to be a form of innate response that binds

microorganisms, prevents them from spreading, and ensures a high local con-

centration of antimicrobial agents to degrade virulence factors and kill bacteria. ‘ . ‘

Science 2004; 303: 1532-35



Netting Insights into Fibrosis

N ENGL) MED 376;15 NEJM.ORG

APRIL 13, 2017
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ERK, P38 MAPK, STAT and AKT proteins,
central nodes in lupus gene networks

N Nakou, et al. PLoS One. 2010

Central Nodes
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Tpl2 kinase regulates FcyR signaling and immune
thrombocytopenia in mice. 2 e M eSS s e
Kyrmizi | et al J Leukoc Biol. 2013 Oct;94(4):751-7 B7 SIS L= S e oL SRS - e

Gene Network Analysis Reveals Activation of Multiple Kinase Pathways




Ta miRNA puBpiouv TnVv ek@pacn aAAWV yovIdiwV Kol ETTOHEVWGE TO PAIVOTUTTO

[ MicroRNAs in SLE and Lupus Nephritis ]

/

[ Deregulation of immune response J

in the periphery
l

27 differentially expressed miRNAs
in PBMCslof SLE patients: miR 2

TCR ]

)
Tmir-Zl i proliferation
SLET CELL J.

3'UTR
PDCD4

itosearch.c

Inhibition of mir-21
affects PDCD4 and
reverses the aberrant
lupus T cell phenotype

(Stagakis et al, Ann Rheum Dis, 2011)

—-Z. Ve production
)P of auto-
antibodies

Genes controlling susceptibility
of end organ to damage

Identify novel genes within the kidney

[ Proliferative /membranous nephritis ]




Meiwan TTPOaTATEUTIKWY TTPWTEIVWY AX KAAAIKPEI

vn TOu VEQPOU 010 2ZEA

atd utrepekopaon Tou MiR 422a

MicroRNA Signature of Lupus Nephritis

24 differentially expressed miRNAs in MicroRNA  Fold Change
renal biopsy samples ; miR-422a 17.25
of LN patients vs healthy controls miR-21 13.41
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Enrichment over the null

[Tolol €ival o1 TIo gnuavtikol 10Toi aTo XEA ? Aiya kai Atrap

RNA seq and GWAS in SLE
Estimating causal tissue for GWAS variants G Bertsias, N Panousis et al

SLE
GWAS p-value < 5e-8
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[MoAAoi duvnTikoi oTo)01 0TO ZEA d1apkw¢ au¢avoupevor 2018

Genes. At least 80.

-lmmune response genes

- involved in endothelial function
-Tissue response to injury.

New cells macrophages, neutrophils, dendritic cells, T

regs

New cytokines IL-1, IFN-a, IL-12/23

New survival factors for B cells: TRL- agonists, Blys,

April
New cytokines

New molecular targets ie kinases

Crow. NEJM 2009
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Better understanding of pathogenesis and the introduction of biologic therapies
in RA has created an impetus for novel therapies in SLE

A. Targeting B cells

* B cell depleting Anti-CD20 mAb (rituximab, ocrelizumab)

* Modulating B cells Anti-CD22 mAb (epratuzumab)

* Inhibiting B cell growth factors Anti-BAFF (anti-BLyS) (belimumab)
TAClI-Ig (atacicept)

*Targeting plasma cells Bosertan

B. Targeting T cells

* Inhibiting costimulation CTLA4-Ig (abatacept)
C. Targeting cytokines Anti-IL-6 (tocilizumab)
Anti-IL-10

Anti-TNF (infliximab)
Anti-IFNa (MEDI-545)
Anti-IL-12/23 (Ustekinumab)

D. Small molecules targeting intracellular targets ie kinases, CAMP



AugkoAie¢ atn vooo

H peyaAUtepn duakoAia oAwv: n emituyia e IV-CY
(euhoyia kal kaTapa TaUTOXPOVA)



AuokoAieg ot vOoO
Etepoyéveia

-OPICKI)

-QQIVOTUTTIKI) AX VEQQITIOA, alpaToAoyikog, NW-ikog ZEA

MikpOTEPOC OPIBUOC A0BEVWY  YIa PEAETEC

2Xe0I00UOC — TTPoaBAKn aTn ouvhBn Bepareia, Un KATWTEPOTNTAS KAl EAV VAl EvAVTI TiVog?

To TpOPANua Twv aTEPOEIdWY Kal TN auvBoug Beparreiag Ay pITougiuduTm

KataAnkTika anueia 01 YEVIKWS aTTOdEKTA
-l'evikou AUkou Ay SELENA -SLEDAI, BILAG, SR, Ugeon, xaunAi evepydtnta
-Ne@pitida —Ta akAnpda Ax Neppikr averrapkela i Bavarog givar atravia rj kabuaTtepouv

-Eppeoa evdidpeaa kataAnkTika anueia A mpwreivoupia, 50% aunaon kpearivivng



Etepoyéveia 6TOUG HOPIOKOUS UNXOVIOMOUG @‘@ SLE Cohort

Supervised Analyses
Linear Mixed Models

Personalized
Immunomonitoring

Banchereau et al., 2016, Cell 165, 1-15
April 21, 2016 22016 Elsevier Inc.
http://dx.doi.org/10.1016/j.cell.2016.03.00
Q
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SLE Responder Index (SRI)

24-point improvement in SS score
and
No new BILAG 1A/2B flares
and

No worsening in PGA (<0.3-point increase)




Biologics failing to meet the primary endpoint

Atacicept (+/- MMF): deaths due to infections!
Epratuzumab (anti-CD22 mAb): lack of efficacy
Sirukumab (anti-IL6 mAb): no efficacy in lupus nephritis

Ocrelizumab (anti-CD20 mAb) + CYC or MMF: no (added) efficacy in lupus
nephritis

Tabalumab (anti-BAFF mAb): no efficacy



Anifrolumab (anti-IFNa receptor mAb) in SLE

All patients Week 24 Week 52
A N =305 300mg 1,000 mg 300 mg 1,000 mg
Delta:  133%  165% 22.4%  13.6%
80 - P 0047  0.016 <0.001  0.043
—~ w=499
S % n=104
£
-g 40 4 n=102
[~
B
£ 20 4 SRI-4
0 - T T T T T T T ™ T T T T N
0 4 8 12 16 20 24 28 32 36 40 44 48 52
Weeks
B  All patients Week24  Week 52

N=302 300mg 1,000 mg 300 mg 1.000 mg
i Delta: 19.8% 194%  27.8% 155%
- P: 0,003 0.003 <0.,001 0,018
E 60 A
) 5 =9
5
Al n=102
'E 40
2. g 101
o« 20 A
BILAG
0 4 8 12 16 20 24 28 32 36 40 44 48 52
Weeks
All patients Week 24 Week 52 IFN high Week 24 Week 52
N=305 300 mg 1,000 mg 300 mg 1,000 mg N=229 300mg 1,000mg 300 mg 1,000 mg

Delta:  133%  165% 24%  13.6% Delta:  16.5%  22.1% 245%  19.6%

on _

Anifrolumab 300 mg
Favors placebo Favors anifrolumab
SRI(4) (incl. OCS taper) —_—
IFN test high ——
IEN test low R T V—
WSRI(4) (excl. OCS taper) ——
IFN test high ——
IFN test low [ - —

SRI(7) ——
IFN test high —_—
IEFN test low —_—

BICLA ——
IFN test high ——e
IFN test low P T—

SLEDAI <2 —_—

Major clinical response —_—

OCS reduction —

011 - 1 - iYO

Odds ratio (90% confidence interval)

OR (90% CI) P value
3.08 (1.86-5.09) <0.001

4.30 (2.34-7.91) <0.001
1.47 (0.55-3.93) 0.514
2.66 (1.64-4.31) <0.001
0.001
0.225

2.98 (1.69-5.24)
2.07 (0.77-5.53)
2.83 (1.58-5.07) 0.003
4.59 (2.26-9.33) <0.001
0.94 (0.29-3.04) 0.930
3.42 (2.06-5.68) <0.001
3.65 (2.02-6.60) <0.001
3.19 (1.16-8.73) 0.059
2.68 (1.53-4.70) 0.004
3.24 (1.49-7.04) 0.012
3.59 (1.87-6.89) 0.001

* Improvements in skin and joints, serology
* No significant change in fatigue

IFN low
N=76

Week 24 W
300mg 1.000mg 300t

Delta:  38%  0.0% 170

Furie R., et al. Arthritis Rheumatol. 2017;69(2)



Novel therapies under development/evaluation

Belimumab in active nephritis Ongoing (phase Il1)
Blisibimod (anti-BAFF) Ongoing (phase lIl1)
IFNa blockade (anifrolumab) Ongoing (phase llI)

Efficacy in several organs; steroid-tapering effect
Anti-IL6 (PF-04236921) Evidence for efficacy (reduction in flares)
Abatacept in active nephritis Ongoing

Anti-CD40 (Bl 655064) in active nephritis Ongoing (phase Il)

Anti-CD40L pegylated (dapirolizumab) Ongoing

Borba HH, et al. Curr Rheumatol Rep. 2016; 18: 44; Furie R, et al. Arthritis Rheumatol. 2017; 69: 376-386; Stohl W, et al. Arthritis
Rheumatol. 2017; doi: 10.1002/art.40049; Wallace DJ, et al. Ann Rheum Dis. 2017; 76: 534-542; Narain S, et al. Curr Opin Rheumatol.
2016; 28: 477-87
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 Koprtikoeidr

 MMF

 New calcineurin inhibitors

* 2uvduaouog —Multitarget

* Tocilizumab

« Ustekinumab

« Kinase inhbitors: Tofacitinib, baritinib
* Otesla

* Low dose IL-2



MyLupus trial

24-week, multicenter, open-label study
EC mycophenolate sodium
Standard vs reduced dose of prednisolone

Time Standard GC Reduced GC

1mg/kg/d 0.5mg/kg/d
N=42 N=39

Serum creatinine Baseline 74.8+35.6 75.7%+27.1
(umol/L; mean SD}  \week 24 73.3+350  68.2+20.7

uP/C ratio Baseline 2.0*x1.3 1.8+1.5
(8/g; mean £ SD)  \eek24  0.8+08 0.9+1.4
CR (%) Week 24 19.0 20.5
Infections (%) 57.1 35.9*
Herpes zoster (%) 16.7 o**

* 0.056

Zeher M et al. Lupus 2011; 20: 1484 **.0.012



EXTENDED REPORT Ann Rheumn vs 2013;72:1280-1286. doi:10.1136/&nntheumndis-201 2-202844

Prospective observational single-centre cohort study

to evaluate the effectiveness of treating lupus « STEROID FREE RX!!!! )
nephritis with rituximab and mycophenolate mofetil - Renal predominant-
but no oral steroids lupus
Marie B Condon,’ Damien Ashby,' Ruth J Pepper,’ H Terence Cook,"? Jeremy B Lewy,’ e Need confirmation
Megan Griffith," Tom D Cairns,' Liz Lightstone'?> )
/ 50 patients. 2 doses of rituximab (1 g) and IV-MN @) 10 |
(500 mg) on days 1 and 15;maintenance MMF _ ; i s
£ os- ’_r;;"r_
* Exclusions: Patients on maintenance steroids or > ; |
. . . - . . r complete
with life-threatening SLE or requiring dialysis £ 06 j remission
c 4
« 40%, active class IVor class IV+V LN, 22 (44%) g
patients had pure class V LN. S
a 0.2 e
» 58% had extrarenal involvement at presentation. R -
o sz 164{' k1§s '
. . . time since treatment {weeks
» Renal predominant-lupus-Need confirmation 50 0 2 3 27 18
numhber of natients in follow-nn
-



“Maintenance’” treatment in lupus nephritis: ALMS trial

l l
|— 24-wk induction phase -’7 36-mo maintenance phase 4' |
l
l l
l
l
Response / :
r
. l
IVC Rem|55|o I
0.5-1g/m? / Re I
Monthly randomlzatlon 2 mg/ kg/d I
l
l
l
l
No further treatment l
I (exit study) :
l 0

*Oral corticosteroids administered in induction and maintenance phases
AZA, azathioprine; IVC, intravenous cyclophosphamide; MMF, mycophenolate mofetil



New calcineurin inhibitors : Voclosporine

Voclosporine AURA trial PHASE 2 LANDMARK STUDY

 Voclosporine: new generation CNI, more potent-less toxicity

« 3-to 5-fold increase in potency compared to CsA. Faster elimination of metabolites

« There is less diabetes, hirsutism, gum disease and possibly hypertension with voclosporin.
« Renal toxicity is similar and infection risk probably similar also to ciclosporin/tacrolimus

2 x 250-500 IV MP

20-25 mg/d oral pred (5 mg/d at w12) Press Release AUGUST 23 2016
MMF: 2 g/d X2 REMISSIONS, 13 DEATHS
Placebo

Voclosporin (2 doses)

Primary endpoint: uP/C ratio < 0.5 mg/mg and no decrease eGFR of 220%



2uvouaaopoc —Multitarget therapy:
[TpooBnkn avaaToAéwv KaAaiveupivng (tacrolimus) o€ atepoeidn kar MMF

26 renal Centers |n Chlna Figure 3. Probability of achieving overall remission
(complete remission and partial remission) in patients

Tacrolimus, 4 mg/d, and mycophenolate treated with the MT regimen or IVCY.

mofetil, 1.0 g/d, versus intravenous o

cyclophosphamide with a starting dose of 0.75 P <0.001 mr

(adjusted to 0.5 to 1.0) g/m2 of body surface i

area every 4 weeks for 6 months. g 001

Both groups received 3 days of pulse z "

methylprednisolone followed by a tapering 3 o]

course of oral prednisone therapy. T P

Multitarget therapy provides superior efficacy . Week

compared with intravenous cyclophosphamide ¢, = 7> % g & »
as induction therapy for LN

MT = multitarget; IWCY = intravenous cyclophosphamide.

ShOrt term, Chlna Annals of Internal Medicine « Vol. 162 No.1 + 6 January 2015 23

Annals of Internal Medicine



‘ CLINICAL RESEARCH = www.jasn.org

Multitarget Therapy for Maintenance Treatment of
Lupus Nephritis
Haitao Zhang,* Zhengzhao Liu,* Minlin Zhou,* Zhangsuo Liu,t Jianghua Chen,*

Changying Xing,3 Hongli Lin,' Zhaohui Ni," Ping Fu,** Fuyou Liu,™ Nan Chen**
Yongcheng He,55 Jianshe Liu,! Caihong Zeng,* and Zhihong Liu*

Patients who had undergone multitarget induction therapy continued to receive multitarget therapy (tacrolimus,
2-3 mg/d; mycophenolate mofetil, 0.50-0.75 g/d; prednisone, 10 mg/d), and patients who had received intravenous
cyclophosphamide induction treatment received azathioprine (2 mg/kg per day) plus prednisone (10 mg/d). We

‘ CLINICAL RESEARCH ‘ www.jasn.org

1.00

- ———

0.95

unadjusted HR 0,68 (95%C1:0.22-2 10)
adjusted HR 0.82 (95%(1:0.25-2.67)

Similar relapses in both groups

Frobability of patients without renal replapse
0.80

Less side-effects in the multi-targeted group 2.
=
— AT FOED
% l$S o m=—— AF4 group
(=] T T T T T T T
0 3 G 9 12 15 18
Time{Month)
Mo. at risk
Multitarget group 116 116 113 112 108 104 101
ALA group 90 BT B3 TG T2 66 64
Mo.cf relapse
MuRitarget group 0 i] o 1 3 2 0
AZAgroup 0 2 1 o 2 0 1

Figure 2. Probability of patients without renal relapse during the
maintenance treatment.

J Am Soc Nephrol 28: eee—see, 2017 doi: https2//doi.org/10.1681/A5N.20170302463



Repositioning: Tofacitinib and baricitinib for SLE

ERK, P38 MAPK, STAT and AKT proteins,
central nodes in lupus gene networks

Tpl2 kinase regulates FcyR signaling and immune
thrombocytopenia in mice.
Kyrmizi | et al J Leukoc Biol. 2013 Oct;94(4):751-7

Nakou, et al. PLoS One. 2010
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Gene Network Analysis Reveals Activation of Multiple Kinase Pathways
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AMNOKATAZTAZH T PYOMIZTIKQON ME XAMHAEZ AOZEIZ IL-2

Rapid induction of clinical remission by low-  Low-dose interleukin-2 selectively corrects regulatory

dose interleukin-2 in a patient with refractory T cell defects in patients with systemic lupus
SLE erythematosus

A B Baseline

day 15 1549 3640 5761 [ 120
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s .
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Conclusions Treg defects in patiernts with 5LE are
associated with |L-2 defidency, and can be corrected with
low doses of IL-2. The restoration of endogenous
mechanisms of immune tolerance by low-dose IL-2
therapy, thus, proposes a selective biological

treatment strategy, which directly addresses the
pathophysiology in SLE.

ARD Online First, pubiished on January 21, 2015
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