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Are Spondylarthritides Related but Distinct Conditions or a
Single Disease With a Heterogeneous Phenotype?

Dominique Baeten,' Maxime Breban,” Rik Lories,” Georg Schett,* and Joachim Sieper’
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Tahle 1. Genetic rnisk factors associated with AS and PsA™*

Locus Genetic risk factor AS PsA Psoriasis IBD
1p31.3 IL23R Present Present Present Present
1p36 RUNX3 Present Absent Absent Present
1g32.1 KIF21B Present Absent Absent Present
2q11.2 IL1IR2 Present Absent Absent Present
2q13 IL1A Present Present Absent Absent
4g21 ANTRX2 Present Absent Absent Absent
5pl3 PTGER4 Present Absent Absent Present
5q15 ERAP1 Present Absent Present Absent
5g31.1 IL13 Absent Present Present Possible
5g33.1 TNIP1 Absent Present Present Absent
5q33.3 128 Present Present Present Present
6p21.3 HLA-B Present Present Absent Absent
6p21.3 HLA-C Absent Present Present Absent
A6p21.32 HIL A-DREBI Possible Doubtful Doubtful Present
6g2l TRAF3IP2 Absent Present Present Absent
0g34 CARDY Present Absent Absent Present
12pl13 TNFRSF1A Present Absent Absent Present
12g13 IL.23A Absent Present Present Absent
17g21.2 STAT3 Present Absent Absent Present
17q21.32 TEKEFP1 Present Absent Absent Absent

* The genetic risk factors are ordered according to loci. Some of these factors are also associated with
psoriasis and/or inflammatory bowel disease (IBD). AS = ankylosing spondylitis; PsA = psoriatic arthritis.

— Arthritis Rheum. 2013 Jan;65(1):12-20



FovidLa otic ZmA

* Avtlyovonopouoiaon

— HLA B, HLAC

— ERAP-1
e Kuttapokivec

— IL-1a, IL-1R2

— CARD9, PTGEA4, STAT3, IL-23R, IL-23A, IL-12B
* Ooteonapaywyn

— PTGER4




Quaololoyikr) cuvapuoAoynaon ToU TPLULEPOUCG CUMTTIAEYATOC
MHC I-B, pikpoadatpivn-memntidlo

Native proteins
- self origin {cellular) Proteasome
- pathogenic origin >




B27 PEPTIDE LILAC BINDING GROOVE

82
83

Position 116

Non-disease-associated
B2706/B2709 - Tyr/His

Disease-associated B2705 - Asp

© www.rheumtext.com - Hochberg et al (eds)




ApBpttoyovo nemtidto-Moprakn uipnon (1)
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Opoloyia Tunpatoc HLA B27
kat tpwteivng C. Trachomatis
To HLA B27 napouotalel 1000

To YAopudLako Ag 000 Kal

TUA MO TOU gouToU TOoU
(Loplokn pipnon)
20-30% twv aoBsvwv pe ReA

eéellooovtal o A2, 16lwc

nopovoia HLA B27

Chatzikyriakidou A. Autoimmun Rev. 2011; 10: 464—-468



ApBpLtoyovo nemntidlo-Moprakn pipnnon (11)

1. Katd tnv ovtoyeveon twv CD8+ T
Arthritogenic KUTTApwV oto BUpo, To HLA B27
Peptides ouvdéel aotaBwc to (16Lo) memtidio

2.  EmBiwon avtoavtidpaotikwyv CD8+
T kuTTApwWV Kot £€060¢ oTNV

nepldpEpeLA

3.  Zuvavtnon tTwv KUTTApWV QUTWV UE

aAAOTpLOo TtemTidlo Tou mapouoLalel

‘ / opoAoyia pe (6lo memtiblo
B27 /p,m/ i E , o
X : VEPYOTIOLNoN avoaoiag EvavtL Ko
Peptide , , ,
aAAotpilou kat tdilov memtidlou

Chatzikyriakidou A. Autoimmun Rev. 2011; 10: 464—-468
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Polymorphisms in the F Pocket of HLA-B27 Subtypes
Strongly Affect Assembly, Chaperone Interactions,
and Heavy-Chain Misfolding

David B. Guiliano,' Helen North,? Eleni Panayoitou,’ Elaine C. Campbell,*
Kirsty McHugh,S Fiona G. M. Conke,4 Marine Si]"ms.lre,4 Paul BDWHESS,S
Simon J. Powis,* and Antony N. Antoniou’
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Arthritis Rheumatol. 2017 Mar;69(3):610-621



Lighting the fires within: the cell biology of
autoinflammatory disdeases
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Nat Rev Immunol. 2012 Jul 25;12(8):570-80
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Avwpaleg dtapopdpwoelg tou HLA B27 otnv emudpaveLla Tou KUTTAPOU

Nat Clin Pract Rheumatol. 2006; 2: 383-392
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Expansion and Enhanced Survival of Natural Killer Cells
Expressing the Killer Immunoglobulin-Like Receptor KIR3DL2
in Spondylarthritis

A. T. Chan,' S. D. Kollnberger,' L. R. Wedderburn,” and P. Bowness®

The Journal of Immunology

KIR3DL2 Binds to HLA-B27 Dimers and Free H Chains
More Strongly than Other HLA Class I and Promotes the
Expansion of T Cells in Ankylosing Spondylitis

Isabel Wong-Baeza,*‘l Anna Ril:lle-}-',*'1 Jackie Shaw,*! Hiroko Hatano,* Oliwia Rysnik,*
Kirsty McHugh,* Christopher Piper,* Simon Brackenbridge,” Ricardo Fernandes,”
Anthoni Chan,” Paul ]_’.ownez-as,ﬁ and Simon Kollnberger®

The Journal of Immunology, 2013, 190: 3216-3224.




The Journal of Immunology

Th17 Cells Expressing KIR3DL2" and Responsive to
HLA-B27 Homodimers Are Increased in Ankylosing
Spondylitis

Paul Bowness,*" Anna Ridley,* Jacqueline Shaw,* Antoni T. Chan,** Isabel Wong-Baeza,*
Myles Fl&ming,ﬁ Fraser L‘ummingﬂ,qT Andrew McMichael,* and Simon Kollnberger®

CD4 Th cells producing the proinflammatory cytokine IL-17 ( Th17) have been implicated in a number of inflammatory arthritides
including the spondyloarthritides. Th17 development is promoted by IL-23. Ankylosing spondylitis, the most common spondyloar-
thritis (SpA ), is genetically associated with both HLA-B27 (B27) and IL-23R polvmorphisms; however, the link remains un-
explained. We have previously shown that B27 can form H chain dimers (termed B275), which, unlike classical HLA-B27, bind the
killer-cell Tg-like receptor KIR3DL.2. In this article, we show that B27;-expressing APCs stimulate the survival. proliferation, and
IL-17 production of KIR3DL2" CD4 T cells. KIR3IDL2" CD4 T cells are expanded and enriched for IL-17 production in_the blood
and synovial fluid of patients with SpA. Despite KIR3ADL2" cells comprising a mean of just 15% of CD4 T in the peripheral blood
of SpA patients, this subset accounted for 70% of the observed increase in Th17 numbers in SpA patients compared with control
subjects. TCR-stimulated peripheral blood KIR3DL2® CD4 T cell lines from SpA patients secreted 4-fold more 1L-17 than
KIR3DL2" lines from controls or KIRIDL2™ CD4 T cells. Strikingly, KIRIDL2" CD4 T cells account for the majority of
peripheral blood CD4 T cell TL-23R expression and produce more IL-17 in the presence of 1L-23. Our findings link HLA-B27
with 1L-17 production and suggest new therapeutic strategies in ankylosing spondylitis/SpA.  The Journal of IImmunology, 2011,
186: 2672-2680.




SNP otnv ERAP1 cuvdeovtal pe AZ mapouoia HLA B27
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SNP otnv ERAP1 ocuvdéovtal pe AZ NAPOYZIA HLA B27
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RESEARCH ARTICLE

Endoplasmic reticulum aminopeptidase-1 alleles associated with
increased risk of ankylosing spondylitis reduce HLA-B27 mediated
presentation of multiple antigens

Sergey S. Seregin'*, David P. W. Rastall'*, Irini Evnouchidou®, Charles F. Aylsworth’, Dionisia Quiroga’,
Ram P. Kamal', Sarah Godbehere-Roosa’, Christopher F. Blum', lan A. York', Efstratios Stratikos”, and
Andrea Amalfitano'
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Critical Role of Endoplasmic Reticulum Aminopeptidase 1 in

Determining the Length and Sequence of
Peptides Bound and Presented by HLA-B27

= “nrhaumdi N4 A A =
Basic and translational research

EXTENDED REPORT
Silencing or inhibition of endoplasmic reticulum
OPENACCESS  aminopeptidase 1 (ERAP1) suppresses free heavy
chain expression and Th17 responses in ankylosing
spondylitis

Liye Chen," Anna Ridley," Ariane Hammitzsch,' Mohammad Hussein Al-Mossawi,'

Helen Bunting,' Dimitris ('Jeorgiad'\s,2 Antoni Chan,® Simon Kollnberger, '

Paul Bowness'
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Kittapa rnou napayouv IL-17:
2Ta ouvopa LE To TepLBaAlov

Oral cavity | Lung | Reproductive tract

6 Steady state and inflammation
0 Inflammation

EMBO rep. 2012;13:113 - 120
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EXTENDED REPORT

The epidemiology of extra-articular manifestations
in ankylosing spondylitis: a population-based
matched cohort study

Carmen Stolwijk, "> Ivette Essers,”** Astrid van Tubergen,”> Annelies Boonen,%>
Marloes T Bazelier,' Marie L De Bruin," Frank de Vries'"**®
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AZ & OAeypovwédng Noaog Evtepou

AZ-IONE AS-IONE
(5-10% KDN E (4-10% TG
Tne A3) ONE)

Rudwaleit M, Baeten D. Best Pract Res Clin Rheumatol

S — 2006,;20:451-71



Evtepkn YAwpida otic ZmA: Mua SUokoAn oxeon

Ye Slayovidlaka movtikia mou ekdppalouvy to avBpwritvo HLA-B27 umtdpxeL CUCKETLON OVAUECO OTNV

MoooTIKN €kdppaocn Tou HLA-B27 kat tnv ekdnAwon apBpitidac kat ONE
Otav ta nelpapatolwa ektpedovtal o€ cUVONKeEC oTELPEC LIKpoBiwv dev avamtucoouv vooo

Otav anowkieBei o evteplkog BAevvoyovoc amno duololoyikn xYAwpida, blwc amod Bacteroides spp

avarmntuoostal koAitida, yaotpitda, apBpitidba

J Exp Med. 1994; 180: 2359—-2364

J Clin Investig. 1996; 98:945-953




To YEVETIKO LUTTOOTPWA CUOXETL(ETAL LE TN cUVOEDN TNC

EVTEPLKNC XAwpLdag
OPEN a ACCESS Freely available online @ PLOS | ONE
HLA-B27 and Human p2-Microglobulin Affect the Gut
Microbiota of Transgenic Rats PLoS One. 2014 Aug
Phoebe Lin'*", Mary Bach®', Mark Asquith?, Aaron Y. Lee*, Lakshmi Akileswaran®, Patrick Stauffer’, 2019(8)8105684

Sean Davin', Yuzhen Pan’, Eric D. Cambronne®, Martha Dorris®, Justine W. Debelius’,
Christian L. Lauber’, Gail Ackermann?’, Yoshiki V. Baeza’, Tejpal Gill'°, Rob Knight”'",
Robert A. Colbert'®, Joel D. Taurog®, Russell N. Van Gelder®, James T. Rosenbaum'*®

AN

Nat Commun.
ARTICLE 2015 Oct

Received 9 Jun 2015 | Accepted 15 Sep 2015 | Published 23 Oct 2015 23 6 8642
MHC variation sculpts individualized microbial 7

communities that control susceptibility to enteric
infection

To MHC givat o mpwtap)LKOG AVOOOYEVETIKOG ITAPAYWYVY ITOU EVTUVETAL LA TN UEYAAN
nowktAia otn ouvdeon tou UtkpoBiwuatog puetaéu Twv avipwnwv




Avocoloywka pawvopeva oto EViepo SLadOoPETIKWVY GTEAEXWV TTOVTILKWYV TTOU
ekppalouv hHLA B27/B,m

To HLA B27 o€ oUOXETLON LLE TO UTTOAOLTTO YEVETLKO UTIOOTPWHO SLapopdwvel T oUVOEoH TOU

EVTEPLKOU ULKPOBLWHATOC
Nopad tn dladopetiki ocUOTOON TOU UIKPOBLWHATOC, OPLOUEVO OTEAEXN TIOVTIKWY eTtEdeLEav LPNAN
gvepyormotnon touv afova IL-23/IL-17 £vtepo, KaBwc kol Twv odwv IFNy & TNFa

* Gill T etal. Arthritis Rheumatol. 2016; 68 (suppl 10)
To HLA-B27 cuoxetioBnke pe pa peyaAn tpomomnoinon (avénon) otnv IgA amadvinon evaviiov
OPLOUEVWYV OUAOWV EVIEPLKWY HLKPOPLWY Kal avtiotolyn enektaon IgA+ B KUTTAPWYV OTO EVTEPO
2TIC apBpwoelg aviyveLOnke TtoAu pkpoPLakd DNA armo pkpofLa mou €xouv TOavn EVIEPLK

TPOEAEUON

e Asquith M et al. Arthritis Rheumatol. 2016; 68 (supp! 10)




Evtepkn duofiwon & A2

Ae dlamiotwinkav SLapopEec

Proteobacteria , ,
_ UETOED AZ Kol UYLWV
Fusobacteria
B Firmicutes avagopika ue ta Baktnpla
I Bacteroides mtou tupodotoUv ReA 1 e
B Acinetobacteria ) _ ,
€ién Klebsiella mou eyouv
gvoyormotndei atnv
ntadoyevean tng Az
A2 Yyieig Arthritis Rheumatol.2015;67(3):686-691

HLA-B27 and Ankylosing Spondylitis Have Shared Effects on the Gut Microbiome
Costello ME et al. Arthritis Rheumatol. 2016; 68 (suppl! 10).



Evtepwkn duoBiwon oe Ywpiaon & WA

Evteplkn HLKPOBLOKN TTOLKIAGTNTOL

YyLeig Wwpiaon WA
Noooc Crohn

e Katd tn petapfaon anod tnv pwpiaon otnv WA napatnpeitatl pa peiwon
eLOWV EVTEPLKWY TTOU SLOLOTIOUV TNV €VTEPLKN BAEVViVN KL TTAPAYOUV

Bpaxeioc aAUoou Autapd of€a Ta omtola eVIoXUOoUV TNV TOTILKI AvVOoia Tou
BAevvoyovou

*  OLaoBeveic pe WA €xouv uPnAotepn ekkpLtikn IgA (=€vbelén dlaomaong

TOU EVIEPLKOU ppayuou;)

Arthritis Rheumatol. 2015,67(1):128-39.
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Overexpression of Interleukin-23, but Not Interleukin-17, as an
Immunologic Signature of Subclinical Intestinal
Inflammation in Ankylosing Spondylitis

Francesco Ciccia,' Michele Bombardieri,> Alfonso Principato,! AnnaRita Giardina,’
Claudio Tripodo,' Rossana Porcasi,' Sergio Peralta,! Vito Franco," Ennio Giardina,’
Antonio Craxi,' Costantino Pitzalis,” and Giovanni Triolo!

Kottapa mou mapayouv IL-23
OTO Xpoviwc pAeyuaivov
EVTEPO 0 AZ:

* Makpopaya

* Kuttapa Paneth

Basic and translational research

EXTENDED REPORT

Evidence that autophagy, but not the unfolded
protein response, regulates the expression of 1L-23
in the gut of patients with ankylosing spondylitis
and subclinical gut inflammation

Francesco Ciccia," Antonina Accardo-Palumbo,? Aroldo Rizzo,? Giuliana Guggino,’

Stefania Raimondo,® AnnaRita Giardina," Alessandra Cannizzaro,? Robert A Colbert,*
Riccardo Alessandro,® Giovanni Triolo'
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TuoupPaivel oTo EVTEPO;
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Dysb|05|s
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Paneth cell

Epthelium

IL-23 + IL-7

’. Chronic inflammation

Goblet ceIIs hyperpIaSIa
Mucins production
Absence of chronic inflammation

—
e Curr Opin Rheumatol 2016; 28:89-96




Ta epduta Aepdoedn kuttapa (ILC)

Innate response Common effect Adaptive response

Inhinitory recepiors

Lytic granules & IFNy
Activating receptors  —— NK @ﬁa + g@ CTL +—— MHCclass | - peptide
[o) 2]

Turnors & viruses

IFhy & TNF

Intracellular bacteria

L1512, 1118 e— @ / ‘-\ @ —  [FNyIL12

-4 &IL-13

IL-25, IL-33, TSLF, PGD, —— @ / “\ @ o

Extracellular parasites

IL-17A & IL-22

u >
ILAR, IL-23, PGE, =t @ LG L6, IL-23

Extracellular bacteria and fungi

Arthritis Rheumatol. 2017 May,;69(5):885-897



EXTENDED REPORT

Type 3 innate lymphoid cells producing IL-17
and IL-22 are expanded in the gut, in the peripheral
blood, synovial fluid and bone marrow of patients

with ankylosing spondylitis

Francesco Ciccia,’ Giuliana Guggino,' Amldo Rizzo,” Laura Saieva,” Sergio Peralta,®
AnnaRita Giardina,' Alessandra Cannizzaro,” Guido Sired,” Giacomo De Leo,”

Riccardo Alessandro,® Giovanni Triolo”

Ann Rheum Dis. 2015 Sep,;74(9):1739-47

Downloaded from http.//ard bmj.com/ on July 21, 2015 - Publish
ARD Online First, published on July 21, 2015 as 10.1136

Spreading spondyloarthritis: are ILCs
cytokine shuttles from base camp gut?

Barbara Neerinckx, "2 Dirk Elewaut>“ Rik J Lories'-?

H kukAopopia autwv twv
IL-23R+ kutTApWV UETAED
EVTEPOU Kol 00TOU YIVEeTalL
Xapn otnv napouoia tne

wvteypivne a467

Vedolizumab




H €vBeon

2TIC EVOECELC TTOVTLIKWV
avayvwpiotnkav avtoxbova T-

kUTTOpa evaicOnta otnv IL-23
Y€ oUVONKeC in vivo
uTtEpTIapaywync IL-23 ta

KUTTOP O QLUTA TIOLPAYOUV

— IL-17 (dAeypovn)
— 1L-22 (pAeypovn,

VEOOOTEOTIaPAYWYN)

Nat Med. 2012;18(7):1069-76




KAwwog patvotumog

DAeypovh TwV MEARATWV
Le avarmntuén evbeoitidbog
TTIPLV TNV epdavion
vpevitidog

— AwdBpwon ootou

— Neoooteonapaywyn
OAsypovn TG 0LOPTLKNG
pllac & BaABidac

Wwplaon

Maptupag

TIL-23

DAeypOVWSELS Mepootkn
SINBRCELC (6" nuépa) || VEOOOTEOMAPAYWYN
(18n nuepa)

Nat Med. 2012;18(7):1069-76



Moapatnpnoelc otov avlpwmo

ILC3 untdpyouv og avBpwrivec (Un-21A) evBeoeLc ta omola ekppalouvv RORyt (51
bOPEC MEPLOCOTEPO ATTO HovVoTIUPNVA KUTTAPO TOU ainaToc)
e Cuthbert R et al. Ann Rheum Dis 2016;75 Suppl 1:A11

Tt yivetall 0TO MAPAKEIUEVO OOTO;

[Moteg eivai ot L6LOTNTEC TOUG;




Moapatnpnoelc otov avlpwmo

ILC3 kUTtTOpa BpEONKAV OTO UTTOKELUEVO TNC EvOBEONC 00TO O€ UN-21A delypata
Ekdpalouv RORyt kat IL-23R og vpnAotepa emtimeda amno povomupnva KUTTOPA
IL-17 & IL-22 aviyveuBOnke o€ ILC3 kuTTOpa TOU UN-2TTA replevBeoikol ooTtoU Kol

ToU apBpLkol vypou acBevwv pe evepyo ZIA, aAAd OXL TOU HaAAKOU LOTOU TWV
un-2mA evBecewv
Ta ILC3 kUTtTOpa TOU UN-2TTA TtepLlevBeaikoU ootou, otav dleyepBouv pe IL-1B &

IL-23, napayovuv IL-17A (x47) & IL-22 (x51)
Cuthbert R et al. Arthritis Rheumatol. 2016; 68 (suppl 10)




Rheumatology 2017;56:488-493

RHEUMATOLOGY Advanoe A e 3 e e
Concise report

Interleukin-22 drives the proliferation, migration and
osteogenic differentiation of mesenchymal stem
cells: a novel cytokine that could contribute to new
bone formation in spondyloarthropathies

Ahmed A. El-Zayadi', Elena A. Jones'3, Sarah M. Churchman'3,
Thomas G. Baboolal', Richard J. Cuthbert', Jehan J. El-Jawhari'?#,
Ahmed M. Badawy?, Adewonuola A. Alase’, Yasser M. El-Sherbiny'** and
Dennis McGonagle'**
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Movo To UikpoBilwpa;

— DUOLKEC SBUVAUELC

— Kanviopa



Quown duvaun—>EvBeon—>EvBeoitida—>ApBpomnabera;

Aeppoatikd poatvopevo Kobner
2KEAETIKO pawvopevo Kobner
— 0&0 tpavpa (Ann Rheum Dis 2008,67(5):672-6)
— Xpovia pnxavikn emBapuvon (Arthritis Care Res (Hoboken). 2011,;63(8):1091-7)
ApBponaBsia (evBeconabera;) tng AOD kaw ovuxodpwpioaon
AaktuAitida kal evBeoitida twv Al-3 tpoxaAlwv (pulleys)
Naxvoapkia kat WA
IptdokukAitida

Nocog tng aopTikAG pilog

Best Pract Res Clin Rheumatol. 2014,28(5):703-10
Nat Rev Rheumatol. 2015 Nov 3

Clin Exp Rheumatol 2015; 33 (Suppl. 93): $36-539




Kanviopa & AZ/A¢ovikn ZriovdéulapBpitida

Karviotég pe A2

EXOUV:

Kamviotég e agovikn

ITA €xouv:

M Evepyotnta (BASDAI)

J Aettoupykotnta (BASFI)

ToaxUtepn aktivoloyikn e€EAEN (BASRI-s)

Npwinotepn Evapén vooou

M Evepyotnta (BASDAI, ASDAS)

J Aettoupykotnta (BASFI)

J Nowotnta {wnc (EuroQol),

M DAeyuovn oto MRI Lepolayoviwy kot 2
™ AktwvoAoyikn) BAaBn (mSASSS)

TaxUtepn aktivoloyikn eEEALEN (MSASSS)

¢l
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2009;61:859-66
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2012;71:809-16
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2012,64:1388-98
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2013,72(8):1430-2



Genetic and epigenetic predispositions, gender
HLA-B27, IL-23R, IL-6R, IL-12B, IL-27, CARD9, STAT3, TYK2 and others

Dysbiosis in gut microbiota | Mechanical stress, injury |Environmental triggers (smoking, infection)

| J

1
Aberrant immune cell activation, secretion of inflammatory cytokines, IFN-y dysrequlation

| : + ]

IL-23, IL-1B, IL-6 , TGF-B Cytokines

Th17, ILC3, Tc17, Th22, ¥6T, NK cells, neutrophils  Cells

! |

Y T

MCSF, TNF-o, RANKL IL-17A IL17F TNF-a IL-22 Inflammation
; l

[
I

(GOSN

Osteoclast Osteoblast

i i Pathologic bone
i . . remodeling
Bone erosion Osteoproliferation

L

Enthesitis, osteitis, bone erosion, syndesmophytes and enthesophytes

- Curr Opin Rheumatol 2016; 28:359-367
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