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Immunopathology of Behcet's Disease

Mitsuhiro Takeno
Department of Allergy and Rheumatology, Nippon Medical School Graduate School of Medicine

Abstract

Behcet's disease (BD) is a chronic inflammatory disorder with recurrent oral aphthosis,
skin lesions, uveitis, and genital ulcers as its main manifestations. More serious involvement of
the central nervous system (CNS), gastrointestinal tract, and large vessels is observed in some
patients. Because of the diverse clinical manifestations, diagnosis is made on the basis of
symptoms. Therapeutic approach is determined according to the disease phenotype, and anti-
TNFo mAb therapy is available for serious subtypes of BD in patients with ocular, CNS,
gastrointestinal tract, and large vascular involvement. This therapy is ineffective in some
patients, but it generally improves prognosis greatly and has proved effective in cases of organ
involvement. Both genetic and environmental factors have been shown to contribute to the
immunopathology of BD, and whether BD is an autoimmune disease or an autoinflammatory
disorder is a subject of debate. In the 1990s, we and others showed that 60/65 kD heat shock
protein (HSP) T cells play a pathological role in mediating cross-immune reactions between
microbial pathogens and hosts, although no disease specific antibodies have been ever
identified. On the other hand, its clinical features, responsiveness to colchicine, and increased
levels of proinflammatory cytokines rather suggest that BD is an autoinflammatory disorder. A
recent genome-wide association study (GWAS) and subsequent studies have shown that BD is
associated with IL10, IL23R/IL12RB2, ERAP1, CCR1, STAT4, KLRC4, TLR4, NOD2, MEFV in
addition to HLA-B*51, suggesting that both innate and acquired immune systems are involved
in the development of BD. IL10, CCR1 and KLRC4 suggest the involvement of macrophages
and NK cells, while IL23R/IL12RB2 and STAT4 indicate that Thl/Thl7 cells play pathological
roles. TLR4 and NOD?2 indirectly suggest that microbial organisms are environmental factors.
Moreover, epistasis between HLA-B*51 and risk allele of ERAP1 suggest the contribution of an
antigen-specific CD8+ T cell response to the disease. Elucidation of the immunopathology of
BP would lead to new therapeutic targets.

(HARBERR AR MRS 2016; 12: 15-25)
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# 1 Frequency of clinical manifestations in patients with Behcet's disease
Patient OA GU Eye Skin Pathergy Arthritis Epididymitis GI CNS Vascular
Author Year Country Numb
umber percentage of patients
BDRC 1972 Japan 2031 9% 72 67 83 75 54 6 25 13 7
Nakae 1991  Japan 3316 98 73 69 87 44 57 6 16 11 9
Ideguchi 2010  Japan 412 100 73 65 88 NA 48 6 10 13 8
Zouboulis 1996 Germany 130 98 79 48 73 53 59 32 NA NA NA
Dilsen 1993 Turkey 496 100 77 47 78 NA 47 NA 5 8 38
Azizerli 2003  Tueky 101 100 70 28 (40%, 69 32 NA NA NA NA
37% %)

Krause 2007  Israel 112 100 68 53 41 44 70 NA NA 12 18
Assaad-Khalil 1997 Egypt 274 92 76 76 39 58 50 NA NA NA NA
Kim 1988  Korea 410 99 82 40 73 NA 31 NA 10 12 2

OA: oral aphthosis, GU: genital Ulcer,
Research Committee

Diagnosis

(meet the criteria)

GI: gastrointestinal tract, CNS: cetral nervous system, BDRC: Behcet's Disease
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1 Evolution of clinical manifestations in patients with Behcet’s disease
Diagnosis is made at point “0". Negative and positive value indicates before

and after the diagnosis
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# 2 Diagnostic Criteria for Behcet's disease by Behcet's Disease Research Committee, Ministry Health, Welfare,
and Labour, Japan (2015 revision)
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MGRER - v af F—v 2, MRS X CHRERNE, SUEREBEEE, $ 4 b X 7ay £ A%,
HTLV-1 IR &) Bk, b¥y 75 A< flis, SRR, iR e ) BE, ~VRABIE K
PEPRIRIR 98, HLA-B27 Bl &9 Bigs, AR

N—F v MEOTRERB L OEERE FX5b L VIEHR

EUPEREIEREIR @ ANVARATE - TNE (BN RZ Y A )V R 1 BEGE)
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KERIVERLBEAR 5 © REEIVERLRE, N9 U RERSPERLRE, V34 K= A, Sweet i
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# 3 Comparison of BDRC criteria with two sets of
International criteria

BDRC ISG ITR-ICBD
Oral aphthosis Major Must 2
Skin lesion Major O 1
Ocular lesion Major O 2
Genital Ulcer Major O 2
Arthritis Minor
Epididymitis Minor
Gastrointestine Minor
Large Vessel Minor 1
CNS Minor
Pathergy test Reference O 1%
HLA-B51, A26 Reference
BDRC: Behcet's Disease Research Committee,

Ministry Health, Welfare, and Labour, Japan. See
details in Table 2.

ISG: International Study Group for Behcet's Disease.
Diagnosis of BD is made in a patient having two or
more symptoms besides recurrent oral aphthosis as
an essential symptom.

ITR-ICBD: International Team for the Revision of the
International Criteria for Behcet's Disease. Diagnosis
of BD is made in a patient having more than 4 score.
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BIGE, RN DRI IS E AN PR & D7 UG
WL AHOCRERSEZERT S &) L Y Fi
ENTE7. BDIZBW T 1990 44812 1395 B i A
WMIZLE Xy ANHFET L 65kDash Y a v 7 &EH
(heat shock protein : HSP65) A3 B#HIE & LT
FHENZ, Zo&AIFLIED HSP60 & L CHEE
ARAE S, S EMEATR . BD BE ) v 8EkATe
I HSP60 X7 F FWr R IC @ F SR 3 5 Z & 233 [E 2
LfEEINAH LS, HA, MVaTHEAINL™ 2
NHOHELE D LI, FEOHMAEWTIER L, ME
HSP65 12 x5 4 $0 BUS 235 - HSP60 233 % HE
REISE R AR L, ThlBY 4 Mo A ¥ D35
EIET B E W) RFICE - 72, YIEIL Thl7 OFHEE
BT, ZORBIIREIN TV,

F0, HREIEIZBIT S tolllike receptor (TLR)
% X U ¥ & L 7: pathogen-associated molecular
patterns (PAMPs), damage-associated molecular
patterns (DAMPs) DikMEMEAHH X5 L, BD
BIZB VT L X OG- HE Shiz 351
HSP60 23 &> K& 7% 9 %5 TLR2, TLR4IZ# H
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74 Therapeutic Recommendations by EULAR

COL CS AZA CPA MTX CsA IFX/ADA IFN-o SSZ
Uveitis O O
Refractory uveitis O O @)
Mucocuntaneous lesion O topical O O O
Arthritis @) O @) O
Large vascular lesion O O O @)
Intestinal lesion O O O O
CNS lesion O O O O O O

© : recommendation with evidence, O : recommendation, X: contraindication
COL: colchicine, CS: corticosteroid, AZA: azathioprine, CPA: cyclophosphamide, NTX: methotrexate, CsA:
cyclosporine A, IFX: infliximab, ADA: adalimumab, IFN-o: interferon-o, SSZ: Salazosulfapyridine

L, BD HEAEMIMEMEMILIZHE TS TLRA mRNA
OMFFEHE BB L22EH»Y, R6D X HIZBD EE
KAYIM FIMER, HZERFTTO TLR 7 7 3 ) —D3EH
THEDS A S N2B 72, WETIRREE AT S
BEREIMHBEETIEITLRZODY F Y FTH LT F
FZU A Y, TLRADYRKRY Yy H T4 R
+ 2 IL1B AN TEDSBE S TVREE TNHD
FiHiZ PAMPs @ BD JREANDFHGARE L TV 5.
Bk 3 2 BT TD SIS O AIRGEIEREE ST AR
BRZHEETICHESNTRBY, Zokks AL
HRIERDIRIGA BD OIREBICHGTHZ L2 LFHFLT
AV

CZBAE, BRMIE 2 L & LIRS B o
REBLORHREBEIL, HrORBOREICHTY
TAHIEDERENTWAS. BD T microbiome @
BEFMESNTVEY. 29 LREOAIE, &
L T2 THOE & 7R IR o H CRE~ D B 5
EHETHHOTIEIRVA, L) EHAECHEERE
EEBHI L TVWEEEZLRETHA).

3. EERRADER
BEZRPEZEE VW-TH, HFEMKTBD BER
BERFIEICEBT L2 13 X1TEL L HRvA, hra
DIREF TIlE As 1& 114~525 & #ti5 N, BD HIE L
BULBEERNOBELEZLRHFLTWEE LaLl,
HARANOH A, kbl FE K Tdh %5 HLA-B*51
TH BD OFIEIEX, £ OREH 1,500~2,000 FEELC 1
ANZTE%R W, 20104, HABXI O M Vva—XkKE®
TNV—=THhRHELZGWASZ T L =27 A=k L
T** imputationi# % deep sequencingi® |2 & 1) IL10,
IL23R/IL12RB2, ERAP1, CCR1, STAT4, KLRC4, TLR4
NOD2, MEFV 7 & HLA DAt Bigz #in 128
WA EFRIESNTS, ZDIIFE A EDRIERKTES T
Za— FLTW5A, BEEEERICD HRWIERIZD

I AL TwBZ bbb (R2). Thbb,
NS OBARTFINTIIIEAT L 72 BRI BLEE R0 0 g
MRANTICHE O HEEB L CHCREDO S - % X O B
MR L7225 2 5.

HLA-B*51 DR EIRIIAHTH 5725, FeEo (A
C) PUEATF FOPuURIER L, BD FREM & H0ZIG
BrElRTAutEr%2 oNMs. #lziE, Yasuoka
513 MICA O E AT F NP HLA-B*51 1y
FPECD8+ T MO RINAY R % i LT 52 T4
[Fl5E S N7 BIESZ EEIR T C 2 oYU R IS g
% D1x ERAP1 (endoreticulum aminopeptidase 1) %
I— 9% ERAP1 TH A", Zhid MHC LIZFRE
NDPERTF & N) I V7T LHHKT, TDIY X
7 7 LV HLA-B*51 Btk o A F BB S h
5., COMEZEFHEMEHZIZEZRY—Y 2 Lnbh
5., ZOY A7 7 LVIVIEHLAB*S EICkHi&ET %
peptidome ® L S— b 72 HE L, HEICHEET 5P
JEARE TG 2 2 ) 25 WIRIBIZ L TWw 5B
W HetEDSdH 5. BRI Z &2, W PEFHE 40 HLA-
B*27, ¥z HLA-C*06 1 BD ® ERAPI fR# 7 L
WETVYRY -V AZRLTWAE. Lo T, Th
5 MHC 7 9 A 1R BICHbdE L 728 A A(E L,
HORED T ERT2EBVEEENTVE 0L
eSS,

HLA-B*51 UAMZd HLA-A*26, B*15, B*27, B*57
WRESZET LV E LT, A*3, B*49 3 R# 7 L v
ELTHEENTWA® IS OREEMNT2 5
BEPUREZ 2L ISR D AL Z e ALNTWES, X
512, KLRC4A D ERZUBIZTFTHL I 0D,
HLA 7 5 A 1412 & % NK M AE o I8 & v 9
Blrro M SN Tn5.

ZF D3 H, Thl/Thl7 Bl o BE5E - 1§ AL I L% 2%
IL23R/IL12RB2, &M BOMNLN > 7 F VREZRE IS
& % STAT4 SEZWMIZFTH Y, wIh s
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#:6 Comparison of clinical features among Behcet's disease, collagen disease, and autoinflammatory syndrome

Behcet'’s disease

Hereditary polygenetic
HLA HLA-B51
Onset adult
Female predominace no
Pattern of symptoms episodic
Organ involvement yes
Disease specific autoantibody no
Therapy
Colchicine main drug
Corticosteroid for organ involvement

TNF inhibitor ocular lesion organ

invlovemnet

Type I interferon ocular lesion

IL-1 inhibitor possible

Collagen disease Aut(;l;lﬁgfgﬁgtory
polygenetic a single responsible gene
strong link no association

adult child
yes no
exacerbation and remission epicodic or periodic
yes a part
yes no
no 1st choice for FMF
main drug symptomatic
RA a part
anti-type I IFN mAb FMF
(for SLE etc))
no effective

7 Abnormal expression of toll-like receptors in patients with Behcet's disease

Author Main lesion Material and Method Findings Ref.
Kirio Y 2008 PBMC mRNA TLR2—, 4 1 19)
Yavuz S 2008 Granulocytes HSP stimulated TLR6 t 20)

FCM
Nara K 2008 Intestine PBMC mRNA TLR2, 4 — 2l
Intestine THC TLR2, 4 1t
Do JE 2009 PBMC mRNA TLR2, 4 1 22)
Hazaoui K 2012 Lung BAL mRNA NOD2, T-bet, TLR2, TLR4 1 23
Liu X 2013 Eye PBMC mRNA TLR2,3,4,8 1 24
Liang L 2013 Eye PBMC mRNA TLR2,4 1 IL-1b 25)

PBMC: peripheral mononuclear cells, HS: heat shock protein, FCM: flowcytometry

THC: Immnohistochemistry, BAL: bronchoalveolar lavage

D EEN: 2 RIE$ 520

—7J5, HkGIERD PAMPs #2i#5 1 TLR4, NOD2
bEEEZEEMEFE LTHESNZ”. TLRA O
YEFMFRT KT BN & BT 5 D299 G,
T399I, NOD2 @ MDP I %F 3 % K Kt & # 3 %
R702W, G908R, L1007fs Ix-3° 13 BD J84E Iy
) <E R T O R H A 5 1& TLR4, NOD2 @
PEREPRFEDSIIEY A 2 TH D L W RIC R Y, 7
L 7z BD KRS FTIMLER, 95225 C @ TLR O % Bl R
EFBTHLDTIR G (TP,

FMF & BD (& EfRR BB R A PRB OfF 4, 2V
eF URIDER END, FORBICBORT2H 5
bDLEZHZTELN, FMFOEEMICA SN S
MEFV ® M694V %5 3 BD OBz E@E Iz & L
THEENE® v 24T ADMITIZEDY
M694V 25 513 LPS H3Z1F 3 % IL-1P @5 UG & 7R

FTHEREEERIA R TH D I EAHP L2 X512,
4275 —LOREKS T Tdh % NRLP/cryopyrin
@ T195M, V200M ZEB S MERE % H3 5 BD EH
THRBE I N V20MIZT7 FF v I etk o
Muckle-Wells JEBEFEEETHHME SN TB S, >~
7 7% — ADOIEHALATHREICEH G- L T A REEAS
B\, S5 TLR4, NOD2 & &b+, s HRGIE
SAAERE T % A L7220 W2 9 % a3 SO 28 BD O
WIS HE ST A2 EEREL TN,

CCR1 IFFGH D) A7 7 L VT Z OFEREIC T &
WL, MEWOZ ) T T Y ADKT AYE LS OELE
LD REHBICHFTTLHLEEZHN, ILI0
tirylicvrzuryr—, LhbiFM2vY O 7 —
YOG EIRIEL TW AP,
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2 Possible hypothesis of immunopathology of Behcet's disease

4. BEHIPLHAHT
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L7l e LBER L LT 2 5 0 b H B8
BERHTIZIZEALHEHIN VIV F Y OfLED
2R (FD. /2, HRATIRIEBEAEHASL
whs, 184 % —7 21 (interferon : IFN) 1%
AR ZE 10 LTI ) 7 = T2 ORISR TS
N2 EFHMAFL, 25tz r< =T % L
WZZDPUARAIDRA LN LD L IR E ER 5.

I F VIZFMF TIE—-RINETH Y, 2o
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o & OMNLEEAE T 7 SHEBOVER ST X 0 if Bk
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F . MEFV @ M694V % 575 BD O3 BUIEZ M
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BbhUIC
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