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O Zuotnuatikoc Epudnpatwdnc Aukog (ZEA) anoteAel To mpotTuno
OUOTNHOTIKO QAUTOAVOOO VOGO 0TOV AvOpwrto.

* Eundaviletar pe pa mokiAia ekdnAwoewv ano ditadopa opyavika
cuoTAMOTA.

* NapaAAnAa xapaktnpiletol oo pia AVEU ITPONYOUEVOU TTOLKLALDL
OLUTOQVTLOWHATWY EVAVTL TTUPNVIKWY, KUTTAPOTIAQCOHATLKWV,
HEUBPOVIKWV Kol SLAAUTWV OUGCLWV.
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2Y2THMATIKOZ EPYOHMATQAHZ AYKO2
Oppovikoi Mopayovtec

/" H autoavooia sivat ouUXVOTEPN OTA Or']?\ea\
Ta olotpoyova avéavouv TNV avocoAoYLKN
OLTLOKPLON
Ta avdépoyova KataoTEAAOUV TNV

\_ QVOOOAOYLKI QIOKpLoN -

OI2TPOIONA

O ZEA €ival vOoO¢ TWV VEAPWYV YUVOLLKWV TTOU
Bplokovtol otnv avanopaywytkn nAwkio

(Tuv./Avép. =10/ 1).

2TLC LLKPOTEPEC (moudLlatplkeg) Ka oTig oPLpUoTEPEC
nAwiec: ©/A=2/ 1.



2Y2THMATIKO2 EPYOHMATQAH2 AYKO2
levetikoi Mapayovtec (1)

* MoAvaplOpuec LeENETEC

* AVILKPOUOMEVO QMOTEAECHATOAL.

* [La MOAU Aiya yovidia umtdpyxel kowvn armodoxn otL cuoxetiovtol
ME Tov 2EA.



TLR7 gain-of-function genetic variation
causes human lupus
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Refractory immune thrombocytopenia
* 7yr old girl Inflammatory arthritis
CNS involvement (chorea)
Constitutional

_ Renal involvement
* De novo Mutation ANA & Low C

* Aggressive SLE



2Y2THMATIKO2 EPYOHMATQAH2 AYKO2
levetikoi Mapayovtec (2)

* OLKOYEVAC oUVAOPOLON TIEPLITTWOEWV.
O ZEA eival cuxvotePOC o€ GUYYEVELC 1°V BaBuou acOevwv pe ZEA.

* MovoluywTtikoi éidupot: 25 - 50%
e Alluywtikoi didupot: 5%

* MMAvVIWC, OL MEPLOCOTEPEC MEPLMTWOELG ZEN mapapEvouv ortopadikec.




2Y2THMATIKOZ EPYOHMATQAH2 AYKO2
[evetikol Mapayovtec (3)

* MHC-1I DR2, DR3

* Ytodoxei¢ yia to Fc tnc IgG

e KAdopata Tov GUMIMANPWHOATOC
* AN\

* MBL, CRP, TNFa, IFN-a....



2Y2THMATIKOZ EPYOHMATQAH2 AYKO2
[evetikol Mapayovtec (3)

Dendritic-cell function and IFN signaling 1 1 T-cell function and signaling f ] B-cell function and signaling
IRFS5, STAT4, SPP1, IRAK1 TREX1, PTPN22, TNFSF4, PDCD1, BANKI, BLK LYN, BCLS,
TNFAIP3, TNIP1, PRDM1, PHERF1 TYKZ, IL1o BALG IL16 TYKZ PRL, and RASGRP3

SLCI15A4, and TLRs STAT4, and RASGRP3

Immune-complex processing and [ | Cell gycle, apoptosis, and . ~] Trans

innate immunity cellular metabolism JAZF1, UHRF1BPI, BCLG,
ITGAM, CIQA C2 C4A C4B, CASP10, NMNAT2, PTTG1, MSHS, [ESS  MECPZ ETS1, and IKZF1
FCGR2A, FCGR3A, FCGR3B, KLK1/3, PTPRT, UBEZ2L3, ATGS, and RASGREP3 |

KLRGI1, and KIR2DS4 L - L —

Other genes SLE-associated locus
PXK, ICAI XKRG and SCUBE1




2Y2THMATIKOZ2 EPYOHMATQAH2 AYKO2
NepBaAlovrikoi Mapdyovtec

(mpokaivauidn, vépaiadlivn...).

Ta pappoka avta tpokaAouv utto-peBuAiwon tou DNA = avwpoAn
ekppaon yovidiwv mou emdpouv otnv Ekppaon tou ZEA.



2Y2THMATIKO2 EPYOHMATQAH2 AYKO2

AlatapaxEC TG VOOOAOYLKN G AOKPLONG Kot TNG PUOLOAC TNG

* AuTOQVTIOWHOTO

* MewwpMEVN KAOOPOT AMOMTWTLKWY CWHATWV

o Aratapaxec twv T- kat B-Aspdokuttapwyv

* Interferon signature



AYTOANOZIA

“Ouooroyikn” vs. “NMaboloyknR”



Mepinou 5% tovu yevikou
nANOuopoU mac)eL ano kamnowo(a)
OLUTOAVOCO VOohHa

2e oAAQ amnod avta (aAAd OXI o€ 6Aa) utAPXOUV Kot
XOPAKTNPLOTIKA QUTOOVILCWHOTA. ...



AYTOANOZIA

AlatapayEC oTnV AVOoOAOYLIKN avoxn
Tou B kuttApou

(Tolerance)



E€eldikevpéva kuTTOpA
NepBaAAoviika epediopata
E¢ebkeVUEVOL UTTOBO)XELC

Avtiyovo




AEITOYPIrIA TQON AEMOOKYTTAPON

Ta Aepdokuttapa eival e€elOLKELEVO KUTTOPAL.

AMNAeTdpoUV pE TO «TIEPLBAAAOV» HEOW
e€eLOLKEVLEVWV ETILPAVELAKWY UTTOOOXEWV.

H mo onuavtikn Asttoupyla: ovayvwplon Tou
«OLVTLYOVOU» HECW TOU ETILPAVELAKOU OLVTILYOVIKOU
TOUC UTTOOOXEQ




B cell

[ apyaprovc...




Quoioloyikil AYTOANOZIA

* Ta @UOIOAOYIKA B AEU@OKUTTAPA AVATTTUCOCOVTOI KOl
WPIMAOUV HECO OTO AENPIKA Opyava.

* 2TO QUOIOAOYIKA AEU@IKA Opyava UTTApXEl pia OAANAZZA
a1rd AYTOANTITONA

« ENMOMENQ2Z: AYTOANTITONA BAErouv, AYTOANTIZQOMATA
O0a mTpéTTel va Trapayouv !




Predominant Autoantibody
Production by Early Human B

Cell Precursors

Hedda Wardemann,' Sergey Yurasov,'? Anne Schaefer,’
James W. Young,* Eric Meffre,’>* Michel C. Nussenzweig’-**

5 SEPTEMBER 2003 VOL 301 SCIENCE www.sciencema g.0rg




50-75% twv Ab ntov napayovuv ta «early immature B
cells» eivaw avtoaviiocwpota

Si?

'\;&




OAa ta awpa (ko avtodpaotikd) B kuttapa
NPEMNEL va mepacouv amno 2 checkpoints

ALLIED CHECKPOINT

1| 15 o i
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OvTtoyéveon Twv B Asep@okutTapwyv:
Tolerance Checkpoints

Jacobi AM, Diamond B. J Exp Med 2005; 202:341.




B cells in SLE:
Dysfunctional tolerance checkpoints

1° checkpoint: Méoa octov MugAo. Newly emigrant B
cells (CD19*CD10*1IgM*CD27").
Normals: 40.7% autoreactive.

2° checkpoint: 2ta Seutepoyevr) Asudika opyava.
Mature naive B cells (CD19*CD10-IgM*CD27").

TeAwd: 5-20% twv normal mature naive = QUTOSPAOTIKA |

.. 25-50% twv lupus mature naive = autoSpaoctd

Yurasov S et al. J Exp Med 2005; 201:703.



@daivetal 0tL To TPOBANUA Elvar
«intrinsic», dnA. genetic

* GWAS

 PTPN22 (SLE, T1D, RA)



PTPN22

* Protein-tyrosine phosphatase

* EAattwvel Tn petadoon tou evOoKUTTAPLOU onpatoc oo tov TCR (kat
lowc amo tov BCR)

* AAAnAopopdo R620W
* “Gain-of-function” allele

e AviyveUetal ota GWAS yia 2EA, RA, T1D.



The PTPN22 allele encoding an R620W
variant interferes with the removal
of developing autoreactive B cells in humans

Laurence Menard,! David Saadoun,? Isabelle Isnardi,! Yen-Shing Ng,! Greta Meyers,!
Christopher Massad,! Christina Price,! Clara Abraham,? Roja Motaghedi,2
Jane H. Buckner,4 Peter K. Gregersen,5 and Eric Meffret

'Department of Immunobiology and ?Department of Medicine, Section of Digestive Diseases, Yale University School of Medicine, New Haven,
Connecticut, USA. SDepartment of Pediatrics, Weill Medical College of Cornell University, New York, New York, USA. “Translational Research Program,
Benaroya Research Institute, Seattle, Washington, USA. SRobert S. Boas Center for Genomics and Human Genetics,

The Feinstein Institute for Medical Research, Manhasset, New York, USA.

The Journal of Clinical Investigation  http://www.jcl.org




Kat povo 1 66on tou PTPN22 R620W apkel
yla va kotappid el tTnv avoGoAoyLKR avoxn

Mature naive B cells
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EmopEvwc:

* AUTOOQVTIOPAOTIKA AENPOKUTTAPO UTTAPXOUV TTOAAQ.
* AAAG, MQZ autd TEAIKA TTOPpAYOUV auTOAb?

'l[FNa



H IFNa tapayetal kuplwc oo ta pDC

Endocytic vesicle

D

Nucleic s

acid \k
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g >
TLR7 2
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or TLR9 | —

| B o

Autoreactive

l Proliferation

{ Differentation

PLASMABLASTS

PLASMA CELLS

Banchereau J & Pascual V.
Immunity 2006, 25:383



Normal pDC vs. Lupus pDC

* Quoioloyika, Ta pDC dieyeipopeva (10i) TTApAYyouVv TTOAU
IFNa yia HEPIKEC WPEG.

* AKOAoUBwWG, ekkpivouv TNFa.

+ O TNFa kataoTéAAgl auTokpivwg TNV IFNa.

* pDC in SLE: Ymrepmrapaywyn IFNa xwpig aAAayn o€
TNFa
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gene

IFP35 IFN inducible

IRF7B

MX1

MX2

XIAP ass. factor

GS3686

P69 2'5' oligoA synthetase

hep-C ass. microtubular agg. prot
RIGE/TSA1 sim to mouse Ly6
agrin prec

IFI-56 IFN inducible

EST sim. to IFN ind 17kD protein
cigs

ISG 15

TRIP 14 2'5' oligoA synthetase-like
cigd9

MCP-1 monocyte chemoattractant
tudor rpt ass with PCTAIRE
MMTRA 1B phospholipid scramblase
FACL 1 fatty acid coenzyme-A ligase
TRAIL

2'5' oligoA synthetase E18 isoform
GBP-1 guanylate binding protein 1
C1-INH CC1 inhibitor

CD64 rec for Fc fragment of IgG
C2 complement component
hPD-ECGF end. platelet der. GF1
ISGF3

EST hute1

TSC403 DC LAMP

MAC2-BP scavenger receptor
1-8U

TAP1

IFI 6-16

novel phorbolin-like gene

G6PD guanosine monoP reductase
TCRS T-cell receptor delta

LEU 1 leukemia ass. gene1
COX11P cyt C oxidase ass. prot
JKTBP nuc ribonucleoprotein D-like
TPROD tetra tricopeptide rpt

DAP 3 death ass. protein

mRNA U90916

PRIP prion protein

ANT 3 ADP.ATP translocase
E1F-4B transl.initiation fac

PABP4 polyA binding protein

RAB 4A GTP binding protein

CD3y

MONO oe acBeveic pe ZEA:
I2XYPH vnepékdppaon 15

yoviSiwyv

14/15 yovidia givoll oTOXOL TNG

IFN



MEPI2ZZEIA IFN

* loyevnc Aoipwén: MNeploosia wvtepdpepovng
* AcBeveic pe 2EA: Meplooela wtepdpepovng

« Aekadecg IFN-induced genes: KOINA !!!



IV woeic SoluMedrol yia 3 pépec
EZEADANIZAN tnv enidpaon tnc IFN

Gene patient 30 patient 25 patient 5
pre post pre post pre post

TRIP 14
IFN-ind 17kD-like
GS3686
XIAPAF-1
CD59
MX2

P69 OIAS
EST hute1
IRF-7
9-27

ISG 15
hep C-ass
MX1

IFI 56

cig 49
MCP-1




Autoantigens Targeted in Systemic Lupus
Erythematosus Are Clustered in Two Populations of
Surface Structures on Apoptotic Keratinocytes

By Livia A. Casciola-Rosen,” Grant Anhalt,” and Antony Rosent

From the Departments of *Dermatology, and *Medicine, Johns Hoplins University School of
Medicine, Baltimore, Maryland 21205

J. Exp. Mod. © The Rockedeller University Press
Volume 179 Apnil 1994 1317138




TCR/CD3 complex-mediated signal
transduction pathway in T cells and T cell
lines from patients with systemic lupus
erythematosus.

D Vassilopoulos, B Kovacs and G C Tsokos
J Immunol 1995; 155:2269-2281; ;
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Altered Pattern of TCR/CD3-mediated Protein-tyrosyl Phosphorylation in T Cells
from Patients with Systemic Lupus Erythematosus

Deficient Expression of the T Cell Receptor Zeta Chain
Stamatis-Nick C. Liossis,** Xuan Z. Ding,* Greg J. Dennis,’ and George C. Tsokos*+
* Department of Clinical Physiology, Walter Reed Army Institute of Research, Washington, DC 20307-5100; *Department of Medicine,

Uniformed Services University of the Health Sciences, Bethesda, Maryland 20814; and ® Rheumatology Service, Walter Reed Army Medical
Center, Washington, DC 20307
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The Journal of Clinical Investigation
Volume 101, Number 7, April 1998, 1448-1457
http://www.jci.org




T CELLS IN SLE

« XapunAoc oudocg diIEyeponc

« Ev ToUTOIC: avenapkng mapaywyn IL-2 (kakn amokpion o€
Aolpwéceic, peiwpevn mapaywyn Treg)

« ZTpEdovTal mpoc TNV mapaywyn IL17 (pAeypovn, Th17 T cells
oc Bioyicc vedppou, MpooEAKuUon oudeTepodilwv [too bad!!]).



B Cells from Patients with Systemic Lupus Erythematosus Display Abnormal
Antigen Receptor-mediated Early Signal Transduction Events

Stamatis-Nick C. Liossis,* Birgit Kovacs,* Greg Dennis,* Gary M. Kammer,’ and George C. Tsokos**

* Department of Clinical Physiology, Walter Reed Army Institute of Research, Washington, DC 20307-5100; *Departments of Clinical
Investigation and Medicine, Walter Reed Army Medical Center, Washington, DC 20307-5001; and *Department of Medicine, Bowman
Gray School of Medicine, Wake Forest University, Winston-Salem, North Carolina 27157-1058

J. Clin. Invest.

© The American Society for Clinical Investigation, Inc.
0021-9738/96/12/2549/09  $2.00

Volume 98, Number 11, December 1996, 2549-2557
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The Lupus B cell

e 2€ HEYOAO MOoooTO (Ewc 50%) avtodpaotika.

e XapunAoc oudoc dLeyepanc.

* AappBavouyv BonBela amo avtodpaoctika T cells

* Metatpemnovral eUKoAa o€ MAACUABAAOTEG Kal
nAaopatokutTapa.

* Mapayouv “vtoulivec” amo auvtoAb.



Age-associated B cells (ABC)

* Expression of CD11c

* Expression of the transcription factor T-bet

* Triggering via BCR, IFNyYR, TLR7 induces HIGH LEVELS of T-bet (!!!!)



Role of ABC

* ABC appear in autoimmunity (human & murine)
* ABC produce HIGH AMOUNTS of AutoAb

* ABC are VERY POTENT APC



T-bet expressing B cells

* Increased numbers in patients with SLE (vs. controls)
* Increased numbers in patients with active Crohn’s
* Increased numbers in patients with MS

* Increased numbers in patients with celiac disease



RESEARCH ARTICLE The Journal of Clinical Investigation

B cells expressing the transcription factor T-bet drive

lupus-like autoimmunity

Kira Rubtsova,? Anatoly V. Rubtsov,? Joshua M. Thurman,? Johanna M. Mennona,? John W. Kappler,'?4*
and Philippa Marrack"**®

1392 jei.org  Volume127 Number4  April 2017




SLE mice with Thet-deficient B cells: attenuated autoimmunity

SLE x

i

Proteinuria score

SLE x T-bet" x CD19
SLE x T-bet"" x CD19W™T

P<0.01

SLE x T-bet"" x CD19
SLE x T-bet" x CD19"™T
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Glomerulonephitis
% survival

(% of affected glomeruli)
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SLE x T-bef"" x CD19
SLE x T-bet" x CD19"V™WT




ARTICLE

IL-21 drives expansion and plasma cell
differentiation of autoreactive CD11c"T-bet™ B

cells in SLE

Shu Wang1, Jingya Wang1, Varsha Kumar1, Jodi L. Karnell1'6, Brian Naiman1, Phillip S. Gross 1, Saifur Rahman1,
Kamelia Zerrouki!, Richard Hanna', Christopher Morehouse?, Nicholas Holoweckyjz, Hao Liu?,

Autoimmunity Molecular Medicine Team, Zerai Manna3, Raphaela Goldbach—!\/\ansky4, Sarfaraz Hasni
Richard Siegel3, Miguel Sanjuan”, Katie Streicherz, Michael P. Cancro5, Roland Kolbeck! & Rachel Ettinger

3
1,6




CD11c+hi B cells in patients with SLE.

(o
=

Healthy donor

% CD11c" of CD19* B cells

SLE Tonsil  Spleen
(n=147) (n=221) (n=7) (n=3)

% CD11c" of CD19* B cells

o1 |
0

SLE donor

41 0.0

% CD11c" of CD19" B cells

CD11c Bv421

70 4 W 0. o S |
o : HD Inactive Mild Active Severe

ki 0  (1-4) (58 (>9)
CD19 PerCP/Cy5.5 (n=147) (n=74)(n=100) (n=38) (n=8)

Wang S et al: Nature Communications 2018,9:1758.




@ pAPICD20CD11c  CD20  CD11c Merge
3 >

CD11c+ B cells &
lupus nephritis

Yniapxouv oto vedpo

CD20*CD11c* B cells




d |L-21-inducible
A unique transcriptome of CD11c+hi B cells in SLE genes

CD11cM  Naive

ROR2
DGKG
ANXA2P1
GIPR
NKG7
CASC1
NDRG4
ST6GALNAC2
ABCCs8
FAT2
SEMA7A
CYP27A1
SLC7A5
DNASE1L2
SLC12A8
RPP25
MUC1
AlM2
MYOZ3
EHF
HEG1
PRR4
FOXD2
ABCA6
ABCB11
KCNC3
PAQR6
BOK
IQCG
CFD
ALDH4A1
PPAP2C
HABP4
TF
SPARCL1
USP2
OPRL1
BAIAP3
ELOVL4
FA2H
LAG3
FOSB
LILRB4
CLSTN3
TBC1D19
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zekaBapa pEpouv TtV «unoypadn» tnc IL-21
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o on CD11c+ B cells

O IL-21
B «CD40 + algM

B oCD40 + algM + IL-21

Recipe
Fate

% CD11c™ of CD19* B cells

Naive
Memory
M CD11c"

SLE1 - Day 7

Signal intensity

.64
o
o 10°

SLE 6 - Day 11
CD27 BV785

CD38 APC




Development of Autoantibodies before the
Clinical Onset of Systemic Lupus
Erythematosus

Diagnosis

o
J

- :

Melissa R. Arbuckle, M.D., Ph.D., Micah T. McClain, Ph.D.,
Mark V. Rubertone, M.D., R. Hal Scofield, M.D., Gregory J. Dennis, M.D.,
Judith A. James, M.D., Ph.D., and John B. Harley, M.D., Ph.D.

— ANA Anti-dsDNA
— Anti-Ro Anti-Sm
— Anti-La — Anti-nRNP
— APL

Patients with Positive Test

N ENGL ) MED 349,16 WWW.NEJM.ORG OCTOBER 16, 2003
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MAGOAOTIA NOY NPOKAAEITAI
AMNMO AYTOANTIZQOMATA

* AUTOAD £vavTi CUCTATIKWYV TNS MEMBPAvNG (Coombs+
AIHA, oudeTepoTtrevia, Opoufotrevia)

* AUTOAD £vavTI CUCTATIKWY TWYV ICTWYV (VEQPITION)

* MaBoAoyia aré avoocooUUTTAEyHaTa (ZN, ayyeliTioaq,
apOBpiTIOQ)



AutoAb = NMaBoAoyia?

* Mepka autoAb ival maBoyova.

* Ortotog €xeL anti-dsDNA €xet kot ZN??

e ...and vice-versa.....

* Mowa AKPIBQZ maBoAoyia mpokaAel to anti-Sm??

* Oool £xouv Coombs+ €xouv kat atpoAvon?



AutoAb

* Mepika eivat MOAYTIMOI StayvwoTtikol delkTec.

* H ouoyEtion Toug pe KALWVIKN elkova eivol ZTATIZTIKH.

* AEN AOOPOYN 2TON ENAN AZOENH



To movtikl B6.Slel

* AldoTioloN AVOOOAOYLKNC avOXNG Tou B kKuttapou.
* [MapAyEL OVTLOWOTO EVOVTL TTUP. AVTLYOVWV.
« AuTOoAb o€ oAU uyPnAoucg TiTAoUC.

* “KAINIKEZ EKAHAQZEIZ”: ...TIMOTA
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Uncoupling of Immune Complex Formation and
Kidney Damage in Autoimmune

Glomerulonephritis
Raphael Clynes, Calin Dumitru, Jeffrey V. Ravetch*

SCIENCE e VOL. 279 ¢ 13 FEBRUARY 1998 * www.sciencemag.org



Patients with Positive Test
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— ANA
— Anti-Ro
— Anti-La
— APL

— ANA
— Anti-Ro
— Anti-La
— APL

Anti-dsDNA
Anti-Sm
—— Anti-nRNP

Anti-dsDNA
Anti-Sm
—— Anti-nRNP

Development of Autoantibodies before the
Clinical Onset of Systemic Lupus
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[ToAAd avTO0ADb GTOV 0pO
ITPIN t o1dyvawon tov XEA

Kot Aoutov???




2Y2THMATIKOZ EPYOHMATQAH2 AYKO2
AutoavTtiowuatol

* MaBoyvwpovika autoAb: anti-dsDNA, Sm

* Anti-dsDNA: kaAUtepa PEAETNHEVAL.
* Avuéopeiwon TitAwv otov 0po
* JUoXETLON ME vedpitida tou ZEA

* EvanoBeon ota onepapota (MpooxnUATICHEVA
oupnAsypata? In-situ evanoBeon?)



2Y2THMATIKOZ2 EPYOHMATQAH2 AYKO2
Avutoavtiowuatol

* Moo givat 1o «vedpirtoyovo duvapiko» twv anti-dsDNA autoAb?
* IgG, S€0ELON CUMMANPWHATOC, LOXUPO KATLOVLKO dopTio.

* Autd AEN ntpocdilopifovtal pe Tov EAeyxo «poutivac» yia anti-dsDNA.



2Y2THMATIKO2 EPYOHMATQAH2 AYKO2

Nepoapatika poviéa (o ovtikiay)



2Y2THMATIKOZ2 EPYOHMATQAH2 AYKO2
Nepapotikd MovteAa

*NZB / NZW
*NZB

* MRL- Ipr/Ipr
* BXSB

* C3H-gld



2Y2THMATIKO2 EPYOHMATQAH2 AYKO2

* OMOIOTHTEZ: ANA, anti-dsDNA, onelpapatovedpitida ano
ovooooUUTNAEypota, Asepdadevontadela, Siatapaxeg otn Asttovpyia
Twv T- Kat Twv B-Aepdokuttapwv.

 AIAOOPEZ: ApOpitida, e€ovOnpata, AAAC QUTOOVILOWHATA...



2Y2THMATIKOZ2 EPYOHMATQAH2 AYKO2
Nepapatika Movteda

* ENIZTATIKO MONTEAO

* lTovidwa: A, B, T, A.

e Mévo Ay B A T... = 6t SEA

* A + B = oyt ZEA

* A+B+Tl+A=ociyovpa ZEA
*A+B+I=2EA,A+B+A-=2EA... aAAd, €iva o «idloc» ZEA?



