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Genetics of Ankylosing Spondylitis

and Axial Spondyloarthritis

;wNaBA NaNENa *

UIm waasgIaIng *

UNANLa

Iiﬂﬂi:@ﬂé’%ﬁé’dé’ﬂmwﬁﬁ@aﬂﬁ(ﬂ (ankylosing spondylitis, AS) Lﬂu%ﬁdlumjuiiﬂ%
LL&:ﬂS:gﬂé’%ﬁé’dé’ﬂLﬁUé@%’d (spondyloarthritis %38 spondyloarthropathy, SpA) wazidulsa
ﬁuuuumaﬂ‘mlumjuf: %oisaluﬂquf:ﬁmmma:mmmammaﬂ‘sﬂﬂﬁmﬁu laud finns
onwuveItanIzgnaunad Tasonad %%am:@ﬂﬁ'ﬁﬂLmzl,a”ul,ﬁué‘mau (enthesitis) Ai4e1
sniuuazin ldaniay tudn WmﬂmsluﬂQiuﬁﬁmmé‘uﬁufﬁ‘u HLA-B27 laawudngia o7
fnauinwIalinaauwas HLA-B27 2:dansmea1nsazaInsuaasneninnuandnsnisly
%aN9N HLA-B27 ua2 1un§jwaa MHC class | S9NUAMUFNWKTUAY HLA-BEO U AS
MIENINTARIWNTUWLINE genetics 5uﬁuwuﬁm°ﬁaaé'uw°u'§ﬁ’u;ﬂ”ﬂ’;smﬁjm SpA v lwinng
FUNU non-MHC genetics AIFUWRHEAL AS @10 1T% ERAPT UaZMIAUWNLANMUTNRGE
284 gut microbiome NU IL-23/IL17 axis daNasl,ﬁﬁmiw”wmaa@ﬁ”ﬂamjﬁaﬁﬁmﬂizqﬂﬂ%

%’ﬂwﬂgﬂ'smluﬁagﬁu

[ o o a a . L. = ' %
lsanzgnaumasaniausiiadaia (ankylosing spondylitis, AS) iilunitlunguliada
UAZNIZANAURAIBNIAULTETI (spondyloarthritis %38 spondyloarthropathy, SpA) waziulia
o A A A o @ v oA
dunuuzaslinlunguis Silsalunguitdainiuazamsuaaszaslsaadionu laud dns
onwuvestanIzgnaunad Tosonad  wisnszgnidaimziduldusniay (enthesitis) N1uan
[ o [ I o ' | Xa o o [ 1) o
onuauuaz l@aniay iudu wazwudlsalunguidanusunusiy HLA-B27"" W1 G
nguiinwuihdgn@duliagwdoiny amulssnugnssnhasfienusunuiiunufe
e Lm:miﬂﬁéi’ﬂwm:maﬂﬁﬁﬂﬁLmn@inﬁ'umuw”u'gﬂﬁuﬁlmﬂ@haﬁ'u TUINBAUUBE

ﬂumuﬁaﬁ'mmaﬁmw”uqﬂﬁu@iam‘nﬁ@ﬂiﬂ AS LRZANHUSNIIARIN

< W, unnduszinhudesan m“uﬁ“ﬁﬂiﬂ'ﬂ"mm:;imaaﬁu ﬂﬂﬂ?“lj’mﬁﬂqi?ﬂﬁ(ﬂg AUSUNNEFRATAINTNEILIA  NAINENAL
uAaa
“ W1, JRINEATIANTE m'uﬁ“mliﬂ“ﬁal,l,a:;imﬁaﬁ'u m@ﬁ"mamqwmvm*ir AULUWNIAEATAIIITNENLIR WM INeReufiaa
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mnaaalsa

ms3fiednlsn AS ondunmt modified New York 3 a.¢. 19847 (@13197 1) m3
Athdnlin AS auinoed asndTedudiieindainimmadasnuwudszanm 8-10 g
Wla9anems AS dnfannszesnIsniauaesTounuIadsINIBIEn (axial joint) §NIAN
Assessment of SpondyloArthritis international Society (ASAS) criteria for classification of
axial spondyloarthritis ﬁdaﬁ’nmmsn(mﬁﬁﬁ]dfﬂISﬂ“ﬁaLLazﬂizgné'uﬂé'aé’ﬂLmJ FhaTaUNY
BNLELLAY (axial spondyloarthritis, axSpA) (gﬂ‘ﬁ' 1) I@mjmi’u'j’mﬂﬁmﬁﬂmgﬂaﬂluﬂajwf:

AIUATZOZUIN LazAaauNSIURsuLL A9 Naﬂ’ﬁ%’ﬂ‘iﬂ']"ﬂa\‘wsﬂ’] Elﬂﬁj&lﬁﬂ enaiduszuu

M15199 1 1Nuain133%3ae Ankylosing spondylitis @1uLNs modified New York 1 @.¢1.
1984

> Clinical criteria :

- Low back pain and stiffness for more than 3 months that improves with

exercise, but is not relieved by rest.
- Limitation of motion of the lumbar spine in the saggital and frontal planes.

- Limitation of chest expansion relative to normal values correlated for age and
sex.

> Radiological criterion :

- Sacroiliitis grade 22 bilaterally or grade 3-4 unilaterally.

Definite AS if the radiological criterion is associated with at least one clinical criterion

WIIDA NG
Tagtudslinnuanquaznalnnsifaliafiuide widsundziwinfiaainwaiy
fasosiunu laud
1. WwaN338 (genetics) uiwilsa As Glemaifalsaluaseuasaidoinuan
' o v Q/ ] 04 s = A a 1 a
anni 50 T lwssdbhdionwugnssuduadonislumaialie laswuigndae
@34 (first-degree relative) 141128 AS flamaiiialsa 52-94 170 Wafisunuanugnluy
< 5 a ' Ao v o v
Uszznaiald®  Temalumisifalsaaaasatsunnluarddaudald iuldldinle As
A o v A Ao ' A . . ~ ' a ° [ A
\Nendasnuiniiasndn 10 fu (oligogenic) wananinuinlamalumsiialsndniugia
suaHNINanIn HLA-B27 sasidulsa AS 6-16 i Wiaifisuiudszmnaialdfiduauan
HLA-B27 siuauwiniiaziiiu non-MHC dudndadulumafialin nsnsudanudn
monozygotic twins Alamaifia AS gaflssanas 63 vzl dizygotic twins Glamaifia AS Jau
6 v . . . Aa = A [ ') '
ar 13 uazualud dizygotic twins NfnaLan HLA-B27 flanmaifialsafouay 27 GUSTE Ty

o a4 o ' a & = . .
wugﬂﬁumnmmaam%wm HLA-B27 1.8z non HLA-B27 %G%Zﬂﬂ’]’)@lﬂ‘lﬂ
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In patients with = 3 months back pain

and age at onset < 45 years

e ™ e N
Positive sacroiliitis on imaging* Positive HLA-B27
_ I Y, I\ I J
e P ™ e P N
> 1 SpA feature > 2 other SpA feature
J

|
!

——

-Active (acute) inflammation on MRI -Inflammatory -Crohn’s/colitis
highly suggestive of sacroiliitis back pain -Good response to
associated with SpA -Arthritis NSAIDs
-Definite radiographic sacroiliitis -Enthesitis (heel)  -Family history for SpA
according to mod NY criteria -Uveitis -HLA-B27
-Dactylitis -Elevated CRP
-Psoriasis

317 1 \nausin1331asiy axial spondyloarthritis 289831AN  Assessment of SpondyloArthritis

international Societym

oaa

2, ‘éamﬂﬁau (environment factors) Lﬁadﬁ]’mﬁmiﬁuwud’]r;d‘mmm_l’mmad HLA-
B27 luiléifialsannine udud monozygotic twins Pfaunitadulsa As nauldldidulsn
AS nnaw ﬂ”ﬂfuuw:ﬁﬂaé"ﬂmﬂé\nnﬂﬁauﬁdmlumini:q}”ﬂiﬂ Tasouradouninis
nanAsTuNInAanis@ialie Wuin13@alie enterobacteria ﬂi:@j%ﬂ’]‘a‘Lﬁ@IiﬂvL@sf laod
a;\lgﬁg’]‘m”]L%aiiﬂns:@unuﬁﬁﬂumumaas”mmml,a: HLA-B27 fduvaslutanaadiaafany
L%aiiﬂ (molecular mimicry) 917 cross reactivity ni:@fun“ﬁﬁmmumammaa mIdnmlu
Tagtiunuin mswdsuudaseadelsadszdrauludld dysbiosis) a’mtﬂummqmﬁwaa
mafalsa"”
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Genetic epidemiology

anugnuadlin AS  uandnuluudazpiivszinag lin AS FUNUEAUTWA
\figTasuazfassuaaden laganizanuuandnvas AMUTNVEY HLA-B27 2xdINAENTS
\Aalsafinanenenaly® drognotu ﬂizmmmaaqkﬂﬁmmﬂmaa HLA-B27 tszanmineas
8-10 uddgihudulia As aufanas 0.1-1 winsin® wdatndlafianuwuilunguiszang
WINANALINTI HLA-B27 g9 azduwusnunsifialin AS qaﬂfu W UTTINTUBITULHN
SwagluiameAinuNaINUes HLA-B27 fefanas 50 wazgthedu SpA fadauaz 56"
funeindmaunitawuanugnuas AS fidauaz 6.7""

WanaNi subtype 2849 HLA-B27 Aflnadani1siialsatsuns tAulaann
ﬂiw'mﬂuﬂa;u Fula luuawSminauinved HLA-B27 Seuas 6 Lwivl,;iﬁmﬁ'mmuqu?mi
yoslsn AS™ luvmeil AS finuluau American Africans SUWWERU HLA-B27 subtype
B*2705 LLN:I%HE;J:&J African 1% subtype B*2703 adnglsfianuanmsfinsiidinaiien
iU subtypes 289 HLA-B27 Agoliauisnasursanusunuiveslsaldninua

2K A a ' ' a . A . A A A v et v
JWUANUAAIUNZA genetics K78 environment factors alh 9 MAwatasnulsads

Major histocompatibility complex genes

Major histocompatibility complex (MHC) ﬁ%ﬁ’]ﬁé’]ﬂ”tyslumﬁﬁmuﬂﬂﬁ@auauaalu
i:uun“ﬁ@;fwﬁuma{liwmﬂuwwﬁ %{1ag]ummm‘ﬁaf,#gumaﬂﬂﬂuisnu@;ﬁ 6 Huasnandvzlsnalu
NNI8319 human leucocyte antigen (HLA)

luiana HLA  ilussdsznau glycoprotein %aﬁﬂayjuuﬁwaumaa‘@m 9lasi
hydrophobic transmembrane segment WNZRHNUWHEILTAN LT (gﬂﬁ 2) lasluianazas HLA
wisleidu 2 viia fe

1. HLA class | a:wuag’ﬁﬂﬂuumaﬁnﬁwmﬁa Watieaauas Usznaueae A chain
sfiaagmmuﬁmmu non-covalent association Nu BZ—microgIobuIin chain USLIH peptide
binding cleft as1udunINsURY peptide 189 antigen 99 HLA-B27 111 HLA class |

2. HLA class Il 3z WULaW12U% antigen presenting cell 14 monocyte, dendritic cell

Luein

o o o oA & ' A @ Y

ANMUANHUTVDS HLA-B27 i1 AS ladinsmanuaudd a.a. 1973 Geludagiinld

§NIFUNL subtype 289 HLA-B27 1nnni1 105 subtypes Lag subtype AWLINENWKSALANT
e AS letiasfia HLA-B*27:05
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Peptide binding cleft
> 2 ~
/
Vot

a2 cl 1 ol

o3 B2 B2 o2

microglobulin

! .
Plasma membrane

Class | Class |l
Eﬂ“?l 2 LLamImaa%"mmﬂwLaqamaa HLA class | LLaz |I(13)

Polymorphism of HLA-B27 genes and molecules

HLA-B27 i polymorphism §3 Tag polymorphism  AtAedn thatiiasuiainiinng
encode 184 A1 tlaz 02 domains ULk antigen-binding cleft 283 HLA-B27 Auanengly
ﬁagu”w,ﬂuﬁﬁnﬁw,l,ﬁadw HLA-B27 {1114 105 subtypes fia HLA-B27:0.1 i3 HLA-B27:106
("I,;jﬁ subtype HLA-B27:22 Lﬁmmﬂ sequence error) LLa:ﬂ’JUQ&JI@]U 132 alleles subtypesm)
(3U 3)

I(?‘Iilﬁl HLA-B27:02 4 2 alleles fa HLA-B27:0201 waz HLA-B27:0202 uanmnﬁuﬁa
HLA-B27:04 4 3 alleles HLA-B27:05 & 21 alleles HLA-B27:07 i 3 alleles waz HLA-B27:90
{2 alleles alleles Midln silent subtype atTurAUL® “null” alleles ®38 N 1% HLA-
B27:59N HLA-B27:94N"" (Tlueu

Weiaz subtype SAMUFUWUEAL AS uAN@N9N subtype NFUNUWERL AS finuvag
ﬁq@lu Caucasian A8 HLA-B27:05 L%@"ma%'uﬁa HLA-B27:04 az HLA-B27:05 &% HLA-

101819 ¢ ananfitawudn HLA-B27:06 uaz HLA-B27:09 'lai

B27:02 wulua2 Mediterranean
suwusnunmaialse As"®
291i4 subtype AwuudIduRREIUNILIAalsa e HLA-B27:01, HLA-B27:02,
HLA-B27:03, HLA-B27:04, HLA-B27:05, HLA-B27:07, HLA-B27:08, HLA-B27:10, HLA-
B27:13, HLA-B27:14, HLA-B27:15, HLA-B27:19, HLA-B27:23, HLA-B27:24, HLA-B27:25

unz HLA-B27:49"% "

Pathophysiology

ﬁ]’mmsﬁﬂmLﬁmﬁ'ﬂmaqamaa HLA-B27 wmf']ﬁay; 2 3uuy f8a canonical form

. 24 _ .
U&= non-canonical form”" Iag canonical form @a IuLaqamaa HLA-B27 ﬁauymi Usznav'ly
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HLA-B*27:01 HLA-B*27:10
HLA-B*27:02 HLA-B*27:0201 H
HLA-B*27:0202 HLA-B*27:21
HLA-B*27:03 HLA-B*27:23
M
HLA-B¥27:04 HLA- B*27:0401 U
HLA-B*27:0902 HLA-B*27:89
HLA-B*27:0303 HLA-B*27:90 | HLA-B*27:9001
HLA-B¥27:05 HLA-B*27:0502 HLA-B*27:9002
N
U HLA-B*27:91
HLA-B*27:0522 I
HLA-B*¥27:06
HLA-B*27:07 HLA-B*27:0701
HLA-B*27:0702
HLA-B*27:0703 {
HLA-B+27:08 V
HLA-B*27:09 HLA-B*27:105

31N 3 u&A4 subtype Uaz alleles subtype Uad HLA(17) Tagfl HLA-B27:105 luzuda HLA-
B27:106

@28 heavy chain ﬂua%'lﬂyu [32 microglobulin &% non-canonical form AagauVas free heavy
chain %38 heavy chain dimer
19 canonical L&z non-canonical form 284 HLA-B27 a:wuaguuﬁwaa antigen
. o ' A o A, o A . ° o A . x>
presenting cell 16 udazfinihfdnenu fa canonical form az¥inninNNLaUe antigen lwnu cbs
T-lymphocyte &% non-canonical form aldduny KIR (Killer cell immunoglobulin-like
receptor) ﬁaguuc’h“uaa NK cell uaz T cell Lm:ﬂs:@jumiﬁwmumaamaa’ﬁu

Tuaatiudngufifiennt HLA-B27 funisifialia AS ot 4 noufj (U7 4)
H a 4
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Q5> OO0
5 T Components of
HLA-B27 HLA-B27 free heavy
trimolecular chain homodimers HLA-B27 molecules
not yet properly

complex assembled and
folded inside the cell

ER unfolded protein
response

D8"
I cel
n
© . < L&) "
¢ Heavy chain % Folded trimolecular complex
e -
@ p2m =3 Antigenic peptide

{ v @ ' [ a 28-38
3UN 4 ngufanusunuiszning HLA B-27 numsifialse ™

1. Arthritogenic peptide hypothesis TasmsinLaue pathogenic peptide ¢ia CD8
T-lymphocytes 983 HLA-B27 lasd gene-gene interaction U ERAP1 (Endoplasmic
reticulum aminopeptidase 1) Lwiamdvl,iﬁmuﬁmiﬁﬂmﬁ“ﬁ”@LLfJ"dﬂ”umwﬁﬁﬁamﬁnmwmm
lasmslaluana HLA-B27 lunuuazifialsn SpA (HLA-B27 transgenic rat model of SpA)
Tooftlinunnudunusszninsnaialsniu CD8 T-lymphocytes™

2. HLA-B27 free heavy chain hypothesis (iaananuAaUnfivzainisisesaiues
luiana HLA B-27 fusimieas i lkinasiniane pathogenic peptide @@ receptor
VNTRAU T-lymphocytes L%% killer-cell immunoglobulin-like receptors (KIR)(24’26) %dﬁdmﬂlﬁ'
ﬁmsni:({fu pathogenic T-helper 17 (Th17) @aun

3. Endoplasmic reticulum (ER) stress hypothesis Lﬁ@‘ﬂﬁﬂﬂﬂﬁazﬁuINLaqamad
HLA B-27 Alailéi5nsdauniaasiu ER (misfolding) dsnalwifia stress Mi3un31 Unfolded
protein response (UPR) 6']45\‘1 ER stress f:wuluwkjm@aad (HLA-B27 transgenic rat model of
SpA) WaTWLIENNTANTZGUNIRN interleukin (IL)-23 anaan

4. Linked gene hypothesis Lﬂuﬂqwﬁﬁl,%aiwﬁuﬁagﬂﬂéﬁﬁm HLA-B27
HuiaddvinliiAalse udngufiliduisensuudrludagiu tesanmsduny
ANUFURUSATALIUIZAINT AS Waz HLA-B27 289 The findings of the Australian-Anglo-

America (TASC) genomewide association study (GWAS)m)
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Disease association with other HLA class | alleles

Tagtidnsdunuaudunusveinafia AS fu HLA-B60 uaz Be1 lasiamizlu
717 Caucasians’™” HLA-B60 1ilu subtype apuod HLA-B40 (HLA-B40:01) @aidusinuas
HLA-B7 cross-reacting antigens group (B7—CREG)(40’41)

fins@nsluzaldniu wuigiho AS Snauinues HLA-B27 fauaz 91.5 Hauan
289 HLA-B6O fvdamas 213 (mMv9fl 2) lugiiduanonuams HLA-B27 usz HLA-B6O
walomavasmadulin AS amammﬁmﬁyuﬁu@ﬁﬁwaamﬁ HLA-B27 uaz HLA-B60
Tawfien Odds ratio 201 (95%ClI 85 - 475)(42) (MT4971 3)

y o o o v o (42
A13191 2 LLaﬂGﬂ’qua&quﬁ(‘ﬂaﬂ HLA nu AS SL%‘D"]FJVL@]%'Ju( )

HLA-B27+ 431 (91.5%) 43 (7.7%) 120.80 (83.31-204.82)
HLA-B27- 40 (8.5%) 514 (92.2%)

All 471 (100%) 557 (100%)
HLA-B60+ 100 (21.3%) 73 (13.18) 1.79 (1.29-2.49)
HLA-B60- 371 (78.7%) 484 (87.1%)

All 471 (100%) 557 (100%)

=i
MN1319N 3 LLRAI

interaction 52%7319 HLA-B60 Was HLA-B27 maa;&”ﬂw AS 117 L

)

ASNo (%) Controls No (%) OR (95% CI)' P-value’
HLA-B27+/HLA-B60+ 88 (18.7)  7(1.3) 201 (85-475)  2.5007x10%
HLA-B27+/HLA-B60- 343 (72.8) 36 (6.5) 152 (91-255)  1.222x10™
HLA-B27-/HLA-B60+ 12 (2.6) 66 (11.8) 29(1.4-6.0)  7.167x10°
HLA-B27-/HLA-B60- 28 (5.9) 448 (80.4) 1
All 471(100) 557 (100)
LA B27+ HLA.B60+ Reference
El HLA-B27
3 HLA-BBO
BLABIT LA - A Interaction
HLA B27- HLA-B60+
HLA B27- HLA-B60 -
50 100 150 200 250
Relative risk

'0dds ratio is calculated by unconditional maximum likelihood estimation and 95% confidence intervals are calculated
using normal approximation (Wald method).

*P-value is calculated by Fisher-exact test.
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NNANTIA 3 FWINMIATIReIHaUINYas HLA-B60 lasfi HLA-B27 \unaay
wnlamadamaiinlsa AS Lﬁal,ﬁﬂun”ugﬁﬁmaauﬁiﬂ HLA-B27 was HLA-B60 faidu Odds
ratio 2.9 (95%CI 1.4-6)

Clinical of HLA-B27 positive patient and HLA-B27 negative patient

43

Devenir des Spondylarthropathies Indifferencies Recentes (DESIR)( : Wwns
2 A o o = o aa A ' ) ' X Aa
dnmfvinludisas AnsansuzeiniiuazainMIneadinfiuand1anuszninagiond
HAUINT0Y HLA-B27 isunudithefiinaauuas HLA-B27 fildasunisiiadnidu axSpaA
wulunguiidunaauaas HLA-B27 dfthowamotesniuwangs Aadunameiiio
Jouaz 37.4 angfiTudainis inflammatory back pain (1BP) lunguidinauinuas HLA-B27
Uz 31£8.5 T lusnizAinguiidinaauves HLA-B27 dszanm 34:8.8 T Uszaninimas
naudulnaidusnd Caucasian wuauaz 91.5 uazfaunz 86.5 awdau) wuiddszia

AsaUATIL DY AS lunﬁjwﬁﬁwamnmaa HLA-B27 Sasay 30.2 Wisunusasas 19.7 1un§juﬁﬁ

=

NaaUVad HLA-B27 fanmsthuiuwmnilawldnsan (dactylitis) "I,ajemﬁ‘uluﬁaaaaﬂa;u IEHGH

Tywiduwananiay (uveitis) liuana1sni (137199 4)

M15199N 4 W3 ULIfisy baseline characteristics V89 HLA-B27 positive and HLA-B27

. . 43)
negative patients

Male gender 206(51.2%) 92(37.4%) 0.001
Mean age (years) 32.5£8.4 35.648.7 <0.001
Mean age of onset of IBP (years) 31.048.5 34.0+8.8 <0.001
Mean duration of axial symptoms (years) 1.5+1.0 1.5£0.8 0.64
Mean delay in diagnosis (years) 2.7+4.2 3.7+5.1 0.01
Caucasian race 368(91.5%) 212(86.5%) 0.04
Family history of AS 120(30.2%) 48(19.7%) 0.003
Presence of peripheral arthritis 216(53.9%) 165(67.3%) 0.001
Mean age of peripheral arthritis (years) 31.5£9.6 32.848.7 0.02
Presence of enthesitis 186(46.3%) 158(64.2%) <0.001
Using NSAIDs 299(74.4%) 147(59.8%) <0.001
Ever used NSAIDs 386(96%) 217(88.2%) <0.001
Using steroid 54(13.4%) 29(11.8%) 0.54
Mean CRP (mg/l) 8.1+x14.0 7.6x14.0 0.67
Percentage of patients with elevated CRP 28.6 30.6 0.59
Mean ESR (mm/h) 14.5+£16.3 14.0£16.0 0.72
Percentage of patients with elevated ESR 22.0 17.6 0.19
Percentage of patients with elevated ESR or CRP 34.1 374 0.40
Dactylitis 54(13.4%) 38(15.4%) 0.48
Presence of any extra-articular features 98(24.4%) 82(33.3%) 0.01
Psoriasis 57(14.2%) 52(21.1%) 0.02
Crohn’s disease 7(1.7%) 11(4.5%) 0.04
Ulcerative colitis 5(1.2%) 9(3.7%) 0.04
History of uveitis 38(9.5%) 18(7.3%) 0.98
BASDAI 4.2+¢2.1 4.9+1.8 <0.001
ASDAS-CRP 2.4+1.1 2.7+1.0 0.07
BASFI 2.8+2.2 3.5¢2.3 <0.001
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Non-MHC genetics of AS

97N GWAS AfnmiAnanuanuduwniues genetics U autoimmune disease 1w
SNP (Single nucleotide polymorphism) study ﬁﬁnm’tugﬂm AS WUANMNFUWKINY IL23R
Waz ERAP1 G9msenmnilliainmsdunuanusunutues genetic Uaz AS swumsduny
anuFIRHERIEuTa LT

TASC (the Australo-Anglo-American Spondyloarthritis Consortium) 3718397%
mmé’uw‘”uﬁ‘ﬁwulu;jﬂm AS 2053 118 wulaslulowfiiientasdia chromosome 2p15 uaz
21922 uazaNRuSAUan ANTXR2 waz  IL1R2™  msfnsdeuwulufiguwuiny AS
\AuLAa #a CARDO waz TRADD**

{insfAnun genetic 1u;§ﬂ’m Crohn disease L1 AS $90@28 WUANMUFURLEVDS
SNPs 7iln#ifins fia KIF21B, IL12B, STAT3, CDKAL1, LRRK2/MUC19 SIguWusny

) LL@:‘Luﬂai‘]u”u"L@Tﬁmﬁﬁmmmmé’ww”ufmaaﬁu RUNX3, TNFR1,

chromosome 13q14(47
PTGER4 i.ae TBKBP1 Lﬂ'm@aﬂ@ﬁ WTCCC2 (Welcome Trust Case-Control Consortium)-

TASC (@139 5)

duuazlysanninundanuannwsnulsa AS

“ Ao A A4,

Endoplasmic reticulum aminopeptidase | (ERAP1) L‘]Juam%n@]’mudwaglu
pathway n31inLaua pathologic peptide 289 MHC Class | 1% HLA-B27 WUANMNINNUT
289 ERAP1 iU AS  Tudszzinsngugled 89013 ldsqina ldniu sfudosodu uas

27, 44,54-58 ¥ o o : o ey e
el ) HaNIINATINLANMUFUNUTIT I ERAPA nuethe psoriasis N3 HLA-Cwé

d8® nifindnues ERAP1 Aan1sdauds peptide antigen naufiazihiaualwiu MHC
class | (3U71 5)

ERAP2 aguulaslulou 5p15 a1n ERAPT uazihazfianadunusnuniafia AS
\TwAaniy ERAPT wasvinwinfisauniy ERAPT lunnsaauds peptide antigen riaufiaz
diaualny MHC  class | (gﬂﬁ' 7) ERAP2 wummﬁ'uw”uﬁn”ug?ﬂwﬁﬂu Crohn’s
disease(m)

Interleukin 23 receptor (IL23R) Wuu® NK T cell, monocytes LLaz dendritic cell ST;G
I Tsfunnauanasde IL23 ﬁmﬂi:ﬁu §InaLian3 differentiation 289 cell T19qUD
FUWUTAUNIZUIUNNTLAG inflammation aznaee blu IL-23/1L-17 axis

Kinesin family 21B (KIF21B) Lﬂuﬁuﬁgnﬁuwm'\ﬁ strong association nu AS a34

USIauad SNP rs2297909 annmsdnmnuas WTCCC2TASC”” wadgslinmunalnusisa
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4,46-53)

@199 5 MHC and non-MHC genes associated with ankylosing spondylitis(4 '

HLA-B27 6p21.3 Presents endogenously processed Perhaps the best example of a
antigens to T cell disease association with a
hereditary marker
HLA-B60 (B40:01) 6p21.3 Presents endogenously processed Replicated in Caucasians and
antigens to T cell non-Caucasians
ERAP1 5p15 Trims intracellular peptides to the Replicated in two different

optimal length for loading onto MHC | studies, likely a real association
class | molecules

IL-23R 1p31.3 Promotes the differentiation of naive | Replicated in studies from Spain,
CD4 T cells into helper 17 cell the UK and Canada. Association
(Th17) not seen in Koreans or Chinese

KIF21B 1931 A plus end-directed kinesin motor Seen in recent GWAS Caucasian
protein used to transport essential IBD and AS patients

cellular components along axonal
and dendritic microtubules

IL-1R2 2q11-12 Acts as a decoy receptor, interfering | Seen and independently
with the binding of IL-1 to IL-1R confirmed in one study

ANTXR2 4921 Binds to collagen IV and laminin, Seen and independently
possibly involved in extracellular confirmed in one study
matrix adhesion

STAT3 17921 A cytoplasmic transcription factor Seen in European, US and

that is activated by IL-5, IL-6, IL-11, Chinese AS and IBD patients
among others
Genes replicated but not consistently associated with AS

CYP2D6 229131 Involved in the metabolism of Limited to North European
xenobiotics Caucasians, not seen in recent
GWAS
IL-1 genes (primarily 2q12.1 Important modulators of the Th1 Replicated in most ethnic groups,
IL-1A) response not seen in recent GWAS
ANKH 5p15.2 Exports inorganic pyrophosphate Seen in a relatively small North
from intracellular to extracellular American and marginally in a
compartments. Regulates tissue Japanese AS cohort. Not
calcification replicated in a large UK AS
cohort — a disease severity gene
TLR4 9qg32-33 A pattern recognition receptor in Associated in Finns and
innate immunity for Newfoundlanders, not confirmed
lipopolysaccharide in several other studies or
GWASs
KIR 19q13.4 Regulates activation of NK cells via Seen in small cohorts of Spanish
recognition of HLA class | molecules | and Chinese patients, not
on target cells replicated in a larger cohort of UK
patients
Genes associated with AS in one study but failed replication
TGFB1 19913.1 Mediates inflammation, fibrosis and Marginal association in one study,
bone remodeling two subsequent studies negative
CD14 5q31.1 Receptor on monocytes important in | Seen in one small cohort of

apoptosis, binds lipopolysaccharide Finnish AS patients, not
confirmed elsewhere

TNAP 1p36.1 A phosphoethanolamine and One study showing an
pyridoxal-5’-PO4 acting- association in Caucasians not
ectophosphatase. Degrades PPi confirmed in Asians
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hyalinosis LLa% juvenile hyaline fibromatosis
Witawuin polymorphism w89 ANTXR2 genes auwusnu AS uadslinmunalniluida lu
GWAS zasiaifuazinann lddunubunifiortosdn 2 ofia fa HAPLNY uaz EDIL3 lag
HAPLN1 Lﬁlmifadﬁ'u hyaluronan L8¢ proteoglycan link protein 1 "ﬁdﬁwa@ianiw’mmi new
bone formation lu"um:ﬁ EDIL3 Lﬁm‘ﬁadﬁu EGF-like eepeats Las discoidin I-like domain 3
D918 §IFSUNTZLIUNT adhesion 189 endothelial cell

NIANEINHIRNIN LA VRN A BT IZ®IN9 HLA-B27 AU IL-23/IL-17 axis

'
A

AgaTainune1sn1iaued SpA nandfa Lla macrophage waz dendritic cell

e X

nnazguliiiniaing cytokine fidenyda IL-1, 116 uaz IL-23 azdmalddnInamves
naive CD4 T-lymphocyte 11w Th17 cell(ea)

Transforming growth factor beta (TGF-[3) Li# cytokine ﬁf%’lﬂ”ﬂgﬁdua’%umiﬁ’wm
284 Th17 1aeviauianny IL-1 uaz IL-6 laan1sldszdunsaihi retinoic acid receptor-
related orphan receptor gamma t (RORY't) %dﬁ']%ﬁ’]ﬁllﬂu transcription factor é’]ﬂ”zyluﬂws
RN WINURT WAV Th17(63-66) (gﬂﬁ 6)

IL-23  §31991N activated macrophage 8¢ dendritic cell §1N1TDIVUNY IL-23R
Fatsznavlddomuden 2 o fia IL-23R chain waz IL-12RB 1chain Faudazaoazauny
protein subunit fiuan@19iuaan’ly da IL-23R chain 923URL p19 subunit §7% IL-
12RB1chain 923URL p40 subunit Lfial,ﬁ@]msﬁ'uﬁ'mzns:{fu Janus kinase 2 (Jak2) Wz
tyrosine kinase 2 (Tyk2) @a'ly B313 Jak2 uas Tyk2 921N@NIZUIWNTT phosphorylate
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Regulation of THI7 pathway Antigen presentation Innate immune response
(THI)

HLA-Bipeptide:B2M complex
)

Gene
Desert
TNFRI TRADD STAT3 @
<@ [ X @
@ [ X ) 2
1 2 3 4 5 6 7 8 9 100 11 12 13 14 1516 17 18 19 20 21 22 X

3UN 6 wsas pathway v89 Th17 lugils As™

ddwalﬁl,ﬁ@ﬂ’ﬁﬂ‘izéfu signal transducer and activator of transcription 3 (STAT3) l#iAans
N3duNIET RORYE UALNIE@WNI&Ig IL-17 uae IL-21 970 Th17

Th17 cell 928574 IL-17A waz IL-17F Saluafiadasuas IL-17 Afiviswua 6 e 99
UNUINYad IL-17 Aanszdun1saing chemokine Lﬁaﬁu@mﬁmﬁa@mwﬁ@ neutrophil L&
monocyte MNEIUSNMATNN SR aniansenLay IL-17 SIRINITANTEGUNIIAIN tumor
necrosis factor (TNF), IL1, IL-6, matrix metalloproteinase (MMP) LLas receptor activator of
nuclear factor kappa-B ligand (RANKL) NNTARTHAGN 9 %\‘Jvl,ﬁl,m' monocyte, macrophage,
endothelial cell, fibroblast, osteoblast W&z chondrocyte Fafunumlunensiifiovadlse
A 9

Cytokine auAIg1991n Th17 cells Ao IL-21 uaz IL-22 §967 IL-21 TnsifidoLasy
m3a$s antibody laslawizuians germinal center lasazlunszdunisashs follicular helper
T lymphocyte Lm:ﬂ’izﬁu B cells ‘ﬁlayﬂu germinal center uaﬂ’mﬂ‘if IL-21 B9EILEIUM TN

283 Th17 cells, CD8 T-lymphocyte Las NK cells (Eﬂﬁ 7)

Gut mucosal immunity, IL-23 and dysbiosis

MSANHIARIRNINL AN FNRUEsznIansenianlug ld waz SpA®”
Tasidpifanuduwusiunssnisurass ldlwgfifnenands fa ongtkoy Ay uazl
high disease activity uazwuin gene fithsaTasleun IL-23R, IL-12B, TYK2 waz IL-27%7"
I@Umim:@jumu IL-23 @9aTUNT19AY IL-23/IL-17 axis @7 IL-23 gﬂ%é;aaaﬂmmmﬁaq
N9LAKDINTT (gut epithelium)(m LRSWLNINUII MDA terminal ileum ‘Lug}”ﬂw As'"?

finsfnlugilio As \Viganu gut  microbiome  Wuiinisiins uInaes
Lachnospiraceae, Provotellaceae, Veillonellaceae, Porphyromonadaceae L

Bactereroidaceae 11utus#i Ruminococcaceae Was Rikenellaceae species fwuaaas lag
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NU AS 17% HLA-B27 agifian LLa:Qﬂm:@qu@mmamn gut microbiome (g'ﬂﬁ 8)

Effector
cytokine Target cells Process

; | Recruitment
J © of infiammatory

- a7 @ Z cells
(IL-1g B . Macrophage  Neutrophil | |ndyction of
| & e | Inflammatory
| Endothelial cell Fibroblast | Mediators
IL6 : :

: . | Cytotoxic
a1 3 NK @ °$22" | differentiation

IL-23 : :
e IL22 | Hepatocyte E AC'U;&D_"?‘SG
A Recruitment
Destabilize: = ' of dendritic
; \ Dendritic cell T cell :and T cells

nflammatory,
_ cytokines

I

4 . { o 63
3UN 7 UIAILNUINVBI cytokine N&3199N Th17 cells™

Genetic susceptibility

= IL6R = IL12B

= IL27 = TYK2

= IL7R = NKX2-3

= TBX21 = NOS2

= EOMES = CARD9

= RUNX3 = ILIRI, R2

= [L23R = ICOSLG
= ZMIZ1

Neutrophil

Mechanical
stress
= PTGER4

Altered microbes

= Lachnospiraceae
= Ruminococcaceae
= Rikenellaceae

= Bacteroidaceae

Inflammation

Eﬂﬁ 8 URAIANNFNNUTUDS gut microbiome U ankylosing spondylitis (ﬁ'ﬂaaﬂmﬂ Brown
MA, Kenna T, Wordsworth BP. Genetics of ankylosing spondylitis--insights into patho-
genesis. Nat Rev Rheumatol. 2016:12(2):81-91.)"
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