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Family of Spondyloarthropathies
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Pathogenesis of spondyloarthritis: autoimmune
or autoinflammatory?

Carmen Ambarus, Nataliya Yeremenko, Paul P. Tak, and Dominique Baeten
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Ot ortovbuloapBpomnabeLec Exouv LOYUPO
VEVETLKO uTtoBaBpo

 H AZ amno moAAou¢ Bewpeital
«YEVETLKO» voonua (90% tou plokou

yLa avarttuén tng vooou eivall
VEVETLKO)
* [Mowa yovidla oxetilovtal?
— HLA B27

— ERAP1
— IL-23R polymorphisms




EvOladpepouoec mapatnpnoeLC..

* Hmapovoia cuyyevn 1°V BaBuou pe 2MA
rnoAAarntAacialeLtnv mBavotnta epdavionc ZMA
— To YeVETLKO ploko adopa OAo to paocpa 2MA. To mwC
Oa ekdbnAwBel kKAwika (AZ/Ppwptlaon/IONE......)
etaptatatmbava ano nepParlovikd epebiopata
* HLAB27 (+) atopa LLEe OLKOYEVELAKO LOTOPLKO A2
exouv 5-16 popec peyalvtepn miBavotnta
eudavionc A oo HLA B27 (+) atopo xwpic
OLKOYEVELOLKO LOTOPLKO

— Yrtapyouv toAAa yovidia rou mpodLlaBETouvv nepa
arno to HLAB27




TLelvaLto HLAB277??

 Méehoc tou petlovog @ \'/
OUOTNMOTOC ST

lotooupBatotntog
taénc |

* Moapouaciaon
«EVOOYEVWVY
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H rtakata amon yio to B27
H Bewpla touv apBpttoyovou memntidlov..

THE PATHOPHYSIOLOGICAL ROLE OF B27 IN AS

 To HLAB27 mapouaotalel

@l Cytotoxic T-cell Kd_T[O l_o (( a p e p LTOV (’)VO ))
nemntidLo.
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Unfolded protein response..

:
% * OLaAuoidegtou

HLAB27 €xouv tnv taon
ot = . Vo LNV «SUTAWVOUV»
@D ocwotd (misfolding) oto
= - evOOMAQOMATIKO SLKTUO
1 - TP OKAAWVTOLG
) =S B 2 PAsypovwdn amdvinon
l | (evBokuTttdplo stress)

Source: Neurosurg Focus © 2008 Amarican Assodciation of Neurological Surgeons



To B27 pmopel va oxnuotiosl opoOLeEpN
OTNV KUTTAPLKN ETILPAVELA...

HLA-B27 HLA-B27 free heavy Components of HLA-B27

trimolecular chain homodimers molecules not yet properly
complex assembled and folded inside
the cell

.

ER unfolded protein response

‘o

& Heavy chain & Folded trimolecular complex

O B,M == Antigenic peptide



[Melpapatika povteda kot dtdaypota

* To HLAB27 SiayovidLako

TOVTiKL Epdavilel
apBpitidba,omovOuAitida
Jwploon kat
dAeypovwdn voco
EVTEPOU

Av OUWC HLEYOAWOOUV O€
QTTOOTELPWLEVEC
ouvOnkec bev
eudavidovv vooo!!!!

Human HLA-B27 Transfected Lewis Rats

. Swelling and erythema + Lewis rats transfected
with human HLA-B27 and

ﬁz-ﬂ"l icroglobulin

+ Developed diarrhea,
colitis, peripheral
arthritis, spondylitis,

Nall ophy and digitié ki ety :
mp:ﬁr 2t orchitis, nail disease {a,b)
+ HLA-B27 manifestations
not seen when rats
maintained in a sterile
environment

Hammer RE, et al. Cail. 1930;63:1093-1112.
Taurog JD, et al. J Exp Med, 1994:180:2359-2364,



Aging male DBA/1 mice

Eudavidouv apbBpitida,
SaKkTuAltida Kall
gvBeottoa.

Movo Opwe av
Bplokovtat moAAa padl
oto oo kAouBi!!!

Ta apoEVIKA EXOUV
eTLOETIKN ocuTEPpLPOPA
2 NUOLVTLKOC O POAOC TOU
LLNXaVIKoU stress/
LULKPOTPOLU LLATLO WV




Mowa opyava €xouv WoLaitepn Baputnta oo
naBoyevetikn amoyn otic ZMA?

T

Evtepo

Inflammatory Bowel Disease (IBD)




Hypothesis

Classification of inflammatory arthritis by enthesitis

Dennis McGonagle, Wayne Gibbon, Paul Emery

Enthesitis Is the Anchoring Pathologic Lesion in PsA and SpA

Enthesitis differentiates PsA and SpA from RA

Primary synovial membrane disease

Entheseal disease + secondary synovial

PsA and SpA )
membrane involvement

Normal Joint Synovitis (RA) Enthesitis (PsA, SpA)

Enthesiti
Tendon
Synovitis
Muscle

e XTIc 2MMA eival kupilapyxn n evBeocomabela

doi:10.1038/nrrheum.2017.188



Tal TIELPOLULATLKA LOVTEADL
eniBeBalwoav tnv Bewpla...

* H evBeoonabela mponyeital tng apbpitidoc

EXTENDED REPORT

Proof of concept: enthesitis and new bone

formation in spondyloarthritis are driven

by mechanical strain and stromal cells

Peggy Jacques,’ Stijn Lambrecht,” Eveline Verheugen,' Elin Pauwels,? George Kollias,?

Maria Armaka,® Marleen Verhoye,* Annemie Van der Linden,* Rik Achten,’
Rik J Lories,® Dirk Elewaut'



H €vBeon
Eva 1o moAUTTAOKO Opyavo amo OtL dalveTal....




H evBeon dlaBetel avoooloyika
KUTTOPO....

* Innate lymphoid cells (ILC) type 3/ y6 T cells
* To KUTTOPO QUTA artavtouyv otnv IL-23....

* [Moapayouv peyalec moootntec IL-17

1. McGonagle D et al. Arthritis Rheum. 2007;56:2482-2491.
2. Benjamin M et al. Arthritis Rheum. 2004;50:3306-3313.
3. Huber LC et al. Arthritis Rheum. 2007;56:4-8.

4. Lories RJ, Mclnnes IB. Nat Med. 2012;18:1018-1019.



O kopPLkoc pohoc tou aéova IL-23/IL-
17 o€ melpapatika povreda 2MA...

medicine '
* Mula onpavtikn

IL-23 induces spondyloarthropathy by acting on ROR-t* OVOLKAAU LIJ n

CD3"CD4~CDS8 entheseal resident T cells

Jonathan P Sherlock! =%, Barbara ]oyce-Shaikhl’S, Scott P Turner!, Cheng-Chi Chao!, Manjiri Sathe!,
Jeff Grein!, Daniel M Gorman?, Edward P Bowman!, Terrill K McClanahan!, Jennifer H Yearley!, Gérard Eberl?,
Christopher D Buckley?, Robert A Kastelein!, Robert H Pierce!, Drake M LaFace" & Daniel ] Cua®*®
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Clinical score

- IL-23mc
- hAATmc

-+ 8 2. 16 20

Time after minicircle (d)

H untepedpaon IL-23 tpokaAel povotumo
ortovbuloapbBpornaBbeloc o movTikLa

EvBeoomnaBela

— Aoptitida

Wwplaon
Ooteomnoapaywyn

Sherlock et al Nature medicine



H IL-23 dpa o€ innate-like lymphocytes
OTLC EVOECELC

e To kUTTOPO AUTA
— Elval Alya
— AntavtoUv tayuvtata otnv

IL-23 kat mapayouyv |L-22
ko IL-17

— HIL-22 eivaw umtevBuvn
yla Tnv
ooteomapaywynkodt IL-
17 ywa Tic pAeypovwdelg
eKONAWOELC

Sherlock et al Nature medicine



ARTHRITIS & RHEUMATOLOGY
Vol. 68, No. 10, October 2016, pp 2476-2486
DOI 10.10(

4
H emuBeBalwon.....
Interleukin-23-Dependent /6 T Cells Produce Interleukin-17
and Accumulate in the Enthesis, Aortic Valve, and
Ciliary Body in Mice

A * JTIC evOEDELC

ankle joint

e BplokeTaLEvoc
o £ | «LOVLHOGY» TIANBUOOC
cr‘d:HQBeGFP_ O o Yo-T Aepdokutrapwy

LLE LKOVOTNTO
Acontrol IL-23 Bcontrol IL-23 T[apavwv r’] q I L- 1 7
e MoA\G oMo AUTA Ta

kUTtopa eivat RORyt+
IL-23R+
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ARTHRITIS & RHEUMATOLOGY

Vol. 69, No. 9, September 2017, pp 1816-1822
DOI 10.1002/art.40150
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BRIEF REPORT

Group 3 Innate Lymphoid Cells in Human Enthesis

Richard J. Cuthbert,! Evangelos M. Fragkakis,” Robert Dunsmuir,” Zhi Li,* Mark Coles,* Helena Marzo-Ortega,’
Peter V. Giannoudis,' Elena Jones,' Yasser M. El-Sherbiny,” and Dennis McGonagle®

A Spinous Process B : N ¢
) (Peri-entheseal bone) Peri-entheseal bone
e -/ " & ' s
; y Interspinous 52 e e v
“ V=4 —  ligament K’ -2 -
e (Entheseal X
‘ soft tissue
\ Sy Supraspinous ~ :
Vertebral body ligament Entheseal soft tissue

----- Area harvested for study

O

* Hmpwtn woxupn
evOeLlén OTL Ta KUTTOPA
OLUTO UTTAPYOUV KOl
otov avBpwro

E IL-23R IL-17A
ILC2 510 * 5107 *
’ o) w v
& 4 iLca e g 1 B $10° 374:
g - g 810" s
3 2 ® 2 . . 10
' | ey e p Iy 210
o w q w :‘g 103 ‘e —
CRTH2 c-Kit 10" : ; ©10° ’ :
= Fm MC ILC3 & = Ctrl Stim
g 25 o = 551 ._*_*L;]_ S10° IL-17F S10° IL-22
5520 0345 @ i B
8 T @220 | 010 010
Tn £ 15 8 = o o
© g 0 % x10 b3 ‘]03
8310 IZ10 ©10* Bk
=805 éf 2 5 2 19
¥ = 2" | - 10 &10°
PB  EST PEB PB  EST PEB ¢ 10° - ?10°

T 0 T T
Ctrl Stim Ctrl Stim 21



Spondyloarthritis

®

OPEN ACCESS

TRANSLATIONAL SCIENCE

Evidence that tissue resident human enthesis yoT-
cells can produce IL-17A independently of IL-23R
transcript expression

Richard James Cuthbert @ ,' Abdulla Watad,** Evangelos M Fragkakis,”

Robert Dunsmuir,* Peter Loughenbury,* Almas Khan,* Peter A Millner,* Adam Davison,
Helena Marzo-Ortega, "> Darren Newton,® Charlie Bridgewood @ '

Dennis G McGonagle'”
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Ta Aepdokuttapa auta O6gv Bplokovtal oTLC eVOETELC
yLa vo. Snutovpyouv nipoBAnuata...
A\ettoupyolVv we altodntnpec stress....

Self-Limiting vs Chronic Inflammation as a Feature of PsA and SpA Mechanosensation and Inflammatory Response

Physiologic response in healthy individuals |  Pathologic response and chronic disease

STRESS AMPLIFICATION —

FORMATION

Mechanics Genetics  Barrier
IL-23R, B27  PsO, IBD

(Chronic
enthesitis)

(Mechanical
/Infection)

+ |L-17A acts as an amplifier of enthesitis
+ The net effect of entheseal inflammation is the gain of new bone

1. McGonagle D et al. Arthritis Rheum. 2007;56:2482-2491.
2. Benjamin M et al. Arthritis Rheum. 2004;50:3306-3313.
3. Huber LC et al. Arthritis Rheum. 2007;56:4-8.

4. Lories RJ, Mclnnes IB. Nat Med. 2012;18:1018-1019.
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[Mou mapayetoLn IL-237?
Epxetol ano pokpla (Tty EVtepo) N mapayetol
TOTILKA?
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TRANSLATIONAL SCIENCE

|dentification of myeloid cells in the human enthesis
as the main source of local IL-23 production

Charlie Bridgewood,” ' Abdulla Watad, "** Tobias Russell,' Timothy M Palmer,*
Helena Marzo-Ortega, "> Almas Khan,® Peter A Millner,® Robert Dunsmuir,®
Abhay Rao,” Peter Loughenbury,G Miriam Wittmann,* Richard J Cuthbert,’
Dennis G McGonagle"



MBava n Baowkn ninyn IL23 va eivall To Eviepo

B BENCH TO BEDSIDE

Gut microbiota strikes ‘back’ | L‘%
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Daniel ] Cua & Jonathan P Sherlock i‘@d
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Mropetl n untepriapaywyn IL23 amo 1o evtepo va
odnynoetL o pawoturo 2MA?

ARTHRITIS & RHEUMATISM
2211

‘ol. 64, No. 7, July 2012, pp
DOI 10.1002/art 34423
012, American Colle;

’
B-Glucan Triggers Spondylarthritis and Crohn’s Disease-like ® S KG T[OVTLK La

Ileitis in SKG Mice

I

Merja Ruutu,’ Gethin Thomas,' Roland Steck,> Mariapia A. Degli-Esposti, o @ a lV OT U 7'[0 q z I_l A

Martin S. Zinkernagel,® Kylie Alexander.* Jared Velasco," Geoffrey Strutton,” Ai Tran,'
Helen Benham,! Linda Rehaume,' Robert J. Wilson,® Kristine Kikly,” Julian Davies,®

Allison R. Pettit,* Matthew A. Brown,! Michael A. McGuckin,” and Ranjeny Thomas!

— ApBpitdba/evBeoitida
Ja&ovikn tpooBoAn

— Payoeibitida

— Evtepitidba

— Wwpiaon




Me tnv xopniynon tou pikpofLakou trigger
avéavetal n nopaywyn IL-23 amno to evtepo...
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IL-23 kol evteplkn pAgypovn...
Mua otevn) oxeon?
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Constitutive p40 promoter activation |s.e he related Gommentiry beginuing on page 648:
and IL-23 production in the terminal
ileum mediated by dendritic cells

Christoph Becker,! Stefan Wirtz,! Manfred Blessing,! Jaana Pirhonen,? Dennis Strand,!
Oliver Bechthold,? Julia Frick,? Peter R. Galle,' Ingo Autenrieth,’ and Markus F. Neurath'

 HIL-23 untepekdppaletal

OTOV TEALKO ELAEO O€
b UCLOAOYLKA TTOVTLKLAL



YriapyxetL avénpevn ekppaon tng IL-23 oto
eviepo aoBevwyv pe 2MA?

o s * NAI!
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April 2009, pp 955-965
389

College of Rheumatology

Overexpression of Interleukin-23, but Not Interleukin-17, as an
Immunologic Signature of Subclinical Intestinal
Inflammation in Ankylosing Spondylitis

Francesco Ciceia,' Michele Bombardieri,” Alfonso Principato,’ AnnaRita Giardina,'
Claudio Tripodo,' Rossana Porcasi,' Sergio Peralta,' Vito Franco,' Ennio Giardina,'
Antonio Craxi,' Costantino Pitzalis,? and Giovanni Triolo'
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Kopia Bewptla yia tnv maboyevelo Twv
ortovOuhoapBpomaBelwv dev otekeL av dev eEnyel To
B27/....

* To stress Tou

" i * eVOOTIAOLGLOITLKOU
z = Swktvou odnyel oe
- .. uTtepmapaywyn IL-23
ois LRE k&S * M anod HLA B27 tg
e TOVTLKLOL
urtepekdppalouv 1L-23
HLA-B27 Misfolding and the Unfolded Protein Response IJ-ET(’I aTto 6Lévgpo'r]

Augment Interleukin-23 Production and Are Associated With
Th17 Activation in Transgenic Rats

Monica L. DeLay, Matthew J. Turner, Erin I. Klenk, Judith A. Smith,
Dawn P. Sowders, and Robert A. Colbert
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ARTHRITIS & RHEUMATISM
Vol. 63, No. 12, December 2011, pp 3807-3817

B * To i6Lo |J.(')VO rtou Ogv
UTTAPYXOUV EVOELEELC

Ankylosing Spondylitis Macrophage Production of Higher U P R
Levels of Interleukin-23 in Response to Lipopolysaccharide
Without Induction of a Significant Unfolded Protein Response

Ling Zeng, Mary I. Lindstrom, and Judith A. Smith
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[Mw¢ YLVETOL N EKTOTIN O0TEOTTOLNON
O pOAOC TOU HNXAVLKOU stress..

A o
U~

* Y€ KOVEVOA TIELPOAMOTLKO
LLOVTEAO
omtovbuloapBpomnabelac
dev ayKUAWVETAL N
oTtovOUALKN oTAAN

e [LaTl?




EXTENDED REPORT

Proof of concept: enthesitis and new bone

formation in spondyloarthritis are driven

by mechanical strain and stromal cells

Peggy Jacques, ' Stijn Lambrecht,” Eveline Verheugen, Elin Pauwels,®> George Kollias,

Maria Armaka,® Marleen Verhoye,* Annemie Van der Linden,* Rik Achten,”
Rik J Lories,® Dirk Elewaut'

control

CAIA, NTS CAIA, TS

* Ta movtikia tou 6gv dExovTaL HNXAVLKO
stress dev aykuAwvovtal (Ywpic va
emtnpeadetoLl n pAsypovn...)



Kot ouvemeLa..
Mnnwc ot a.cBeveic Ba npemneL va amodpelyouv
TNV UTtEPPOALKN Kataovnon?




O pOAOC TWV KUTTOPOKLVWV..

Organ-Based Concept

g ¢ E 5 ¢
5 52 8 =
RA
PsA
JIA
AxSpA
The NEW ENGLAND JOURNAL of MEDICINE
e CIEEC]
uc
- - . - PSO
REVIEW ARTICLE
. Interleukin-17A
i <
Signature Cytokine-Based Concept e 25 _
Dan L. Longo, M.D., Editor T % = =
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g £ EEE

Reframing Immune-Mediated Inflammatory
Diseases through Signature Cytokine Hubs =

Interleukin-23

JIA

Georg Schett, M.D., lain B. Mclnnes, M.D., Ph.D., and Markus F. Neurath, M.D. Interleukin-6 AxSpA
fa) |

Interleukin 1 Interleukin-17A uc

|
o [

Figure 1. Organ-Based and Signature Cytokine—Based Concepts of Immune-Mediated Inflammatory Diseases (IMIDs)
of the Joints and Gut.

The top panel shows IMIDs of the joints and gut on the basis of the affected organs. The chart at the right shows
the extent of organ involvement, with the darkest squares indicating that the organ is usually involved, the medium-
color squares indicating that the organ is sometimes involved, and the lightest squares indicating that the organ is
involved rarely or not at all. The bottom panel shows IMIDs of the joints and gut on the basis of the signature cyto-
kine. The chart at the right shows the response to cytokine inhibition, with dark squares indicating a response and
light squares indicating little or no response. AxSpA denotes axial spondyloarthritis, CD Crohn's disease, JIA juvenile
idiopathic arthritis, MSK musculoskeletal disease, PsA psoriatic arthritis, PsO psoriasis, RA rheumatoid arthritis,
TNF-a& tumor necrosis factor a, and UC ulcerative colitis.




The IL-23/IL-17 axis in SpA

Genetic Influences Main Effector
HLA-B27 IL27 IL23R Cytokines
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Gut-Busters: IL-17 Ain’t Afraid of No IL-23

Natasha Whibley' and Sarah L. Gaffen>"

"Kennedy Institute of Rheumatology, University of Oxford, Oxford, OX3 7FY, UK

2Division of Rheumatology & Clinical Immunology, Department of Medicine, University of Pittsburgh, Pittsburgh PA 15261, USA
*Correspondence: sarah.gaffen@pitt.edu
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A. Anatomic differences between spinal and peripheral entheses

Spine Peripheral Joint
Synovial

membrane

Mechanical stress Myeoid cells
Microbiome
HLA-B27 Retrocalcaneal
l bursa
; Sesamoid
Li t :
gamen Enthesis fibrocartilage Periosteal

rvertebral disc Myeloid

fibrocartilage
Degenerative
changes

Blood vessel Enthesis

invasion

Subchondral
bone plate

| HEOR | Vicki Barghout| 24 March 2012 |

BYM338 in sIBM | Strictly Confidential “



[Mwc¢ ylveTOL N mopaywyn VEOU 00ToU
OTOl TLELPOLLLOLTLKOL LOVTEAQL?

ARTHRITIS & RHEUMATISM
4, 5, May 2012, 5.

’
o CD}\EV uov r] Resolution of Inflammation Induces Osteoblast Function and

Regulates the Wnt Signaling Pathway

Melissa M. Matzelle,! Maxime A. Gallant,> Keith W. Condon,?
Nicole C. Walsh,* Catherine A. Manning,' Gary S. Stein,' Jane B. Lian,’
David B. Burr,? and Ellen M. Gravallese'
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Vertebral new bone formation in SpA
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T etval ta “fatty lesions™?

Table 1  Prevalence of each subtype of lesions (fat alone, fat with
inflammatory findings, fat with sclerosis) as seen on MRI (A) and in
the biopsies (B), separated by diagnosis subgroup (AS and DDD)

AS (%) DDD (%) P value
Spondyloarthritis MRI results

RANSLATIONA SCENCE FL alone 13 (61.9) 10 (55.6) 0.692
What constitutes the fat signal detected by MRl in FL + BME 5(23.8) 4(22.2) 0.525
the spine of patients with ankylosing spondylitis? A FL + fibrosis 3(14.3) 4(22.2) 0.908
plrospegive_ stlljdy based on biopsies ﬂbtainked |iiur_ing Biopsy results
planned spinal osteotomy to correct hyperkyphosis or FL alone 8 (38.1) 1(56) 0.018
spinal stenosis )
Xenofon Baraliakos,” ' Heinrich Boehm,” Reza Bahrami> Ahmed Samir, > FL + inflammatory 6 (28.6) 3(16.7) 0.385
Georg Schett,” " Markus Luber,” Andreas Ramming,* Juergen Braun' cells

FL + Fibrosis 3(14.3) 0(0) 0.099

AS, ankylosing spondylitis; BME, bone marrow oedema; DDD, degenerative disc
disease; FL, fatty lesion.
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Clinical and epidemiological research
Extended report

Continuous long-term anti-TNF therapy does not lead to an increase
in the rate of new bone formation over 8 years in patients with
ankylosing spondylitis

Xenofon Baraliakos ', Hildrun Haibel 2, Joachim Listing 3, Joachim Sieper ?, Jirgen Braun '

Correspondence to Dr Xenofon Baraliakos, Rheumazentrum Ruhrgebiet, Ruhr-University Bochum, Landgrafenstr. 15, 44652 Herne,
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Effects of Anti-Tumor Necrosis Factor Therapy on
Osteoblastic Activity at Sites of Inflammatory and
Structural Lesions in Radiographic Axial Spondyloarthritis:
A Prospective Proof-of-Concept Study Using Positron
Emission Tomography/Magnetic Resonance Imaging of
the Sacroiliac Joints and Spine

Nils Martin Bruckmann,' ) Christoph Rischpler,? Styliani Tsiami,? Julian Kirchner,' Daniel B. Abrar," Timo Bartel,*
Jens Theysohn,' Lale Umutlu,’ Ken Herrmann,” Wolfgang P. Fendler,” Christian Buchbender,' Gerald Antoch,’
Lino M. Sawicki,' Athanasios Tsobanelis,” jJuergen Braun,” and Xenofon Baraliakos®
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