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Autoinflammatory diseases (AIDs) refer to a broad range of
genetically mediated conditions characterized by recurrent at-
tacks of systemic inflammation with typical manifestations of
fever, rash, serositis, lymphadenopathy, and musculoskeletal
symptoms. The discovery of genetic basis for these conditions
have led to the understanding of novel intracellular receptors
for infectious and noninfectious danger signals in innate
immunity. Innate immunity has a key role in the development
of AIDs, in contrast with autoimmune disease, which arise
from problems in adaptive immunity. Advances in under-
standing the molecular mechanisms of intracellular in-
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flammatory cascades have led to renewed interest in its role
in the pathogenesis of more common non-genetic auto-
inflammatory rheumatic conditions, such as Behcet’s disease,
gouty arthritis, Adult onset Still’s diseases, and systemic onset
juvenile arthritis. The characterization of cryopyrin
(inflammasome) and its significant role in the activation of
proinflammatory cytokines, such as IL-15 and TNF-¢ in the
development of AIDs, has provided rational targets of anti-cy-
tokine biologic treatment for some of these conditions.
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1) 455453 (Inflammasome)

o5 & Ui {3l A S (PAMP or DAMP)T nucleo-
tide-binding oligomerization domain (NOD)-like receptors
(NLRs)7} 713 T3k AA 2 A5 sk Zlo] uhsl% ‘:}
(7). AXAH A4 PAMP, DAMPAS & Q14sl= A
Ea) o ol At rﬂ 2
Al 1) secreted form 2) transmembrane 3) cytosolic®d el Z 1}
I} (Table 1).

o]ZollA] NLRse| A7td5d Aol A 7H4d F a3t &
A2 NALPI, NALP3 (NLRP3), IPAF So] %2 Ed&
424 9l (3,8). NLRso] AlEE Hkom] ASC (apoptosis-
associated speck-like protein containing CARD) =9 dAt
W (adaptor protein)& Bo] £ AT HFELELAE FA 3}
=l (9), 2002 Tschopp 5 ©]% ’inflammasome’©] 2}
kA th (10). o 7)ol o]XH o2 procaspase—1°] 743%tslm
A3t el caspase-12F WH3IE F FXF S Z Toll

pattern recognition receptor (PRR)E

Table 1. Classification of pattern-recognition receptor

Secreted Trans-membrane Cytosolic
Collectin  Toll-like receptor (TLR) RIG-I-like receptor (RIR)
Ficolin C-type lectin NLR*
Pentraxin Absent in melanoma

2 (AIM2)

Interferon-inducible
protein 16 (IFI16)

*NLR: nucleotide binding domain leucin rich repeat containing
receptor.

Figure 1. The schematic pathway

of inflaimmasome activation and

secretion of Interleukin-1 (IL-1).
PAMP: pathogen associated mole-

f cular pattern, DAMP: damage asso-

ciated molecular pattern, LRR:
leucin repeat region, PYD: pyrin
domain, ASC: apotosis-associated
speck-like protein containing CARD
(A: dashed box shows detailed
structure of pyrin domain).

Pro-IL1p
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like receptor & Al3E AZADA T2 AA7F =715 disease (NOMID, t}& "% © 2 chronic infantile neurologic,
pro-IL-1 8 & ATAA 1L-1 87} FebiEn] FHozxn AA cutaneous, articular syndrome (CINCAZ3¥)), tumor ne-
A=ure (e, FAEE, FRER Syo] LdojuA H} crosis factor (TNF) receptor associated periodic syndrome
(Figure 1). Inflammasome % 7}4 Hrol °]'E'ﬂ] 2 AL cry- (TRAPS), hyperimmunoglobulinemia-D with periodic fever
opyrin® 2 5-2]:= NLRP3 (NALP3)ZA4] #|, 7}, A4 thA, syndrome (HIDS), Deficiency of interleukin-1 receptor antag-
A Sof| B¥Esla, Ea| FHe) FolA] 71 A walE] onist (DIRA), syndrome of pyogenic arthritis, pyoderma gan-
= Aow d#Z) (1D). "HAAFo| A= 2FAE, T2 grenosum and acne (PAPA), Blau syndrome, early-onset sar-
Al EEfE e, 5, BRI Y I 23T A coidosis®t 72 ZolgolEgA P T3 5 A
FollA] =] =) NALP3S] +%E E™ N-terminal A Az o] od#l#] 9lrh(Table 2).
pyrin domain®| )31 <FZtoll NACHT, C-terminal LRR ol A3t F& hdfAHA zprlad=AlAzto g in-
(leucin repeat region)o] <17 =]o] Q) vh(Figure 1). NALP37} flammasome -4 -§-F Z}ol] W o]7} HbA S| o] x}rled=Ad A
A 3kE]™ pyrin-pyrin domain 2 4F-&-of] o]zl ASCRluio] el Weel & olalisl=ul =] HrhkFigure 2). tHEF
ZAdtslar, Axg o2 ASCE CARD (caspase activating and O & FMFQ] 7% pyrindh 5= 54281 MEFVel] ol] ¥ie]o|
recruitment domain)%-45-3} procaspase-12] CARD7} A& & WEAE = o] F A3ty Pl WY Me94VE LA
S AFgoll 2]3) caspase-134 317} Yolvtrl (12). NALP3S] t} (16). Pyrin pyrin domain (PYD), B-box, coiled coil,

FA 3= 2 E ¥ A, PAMP, DAMP, 7]E} 344 =5 B30.2 (SPRY) domain 5 47}#] F-E-0 & FA =] =0 (Figure
A Toll o3l ol & Uk TFHoZ 11489 eet 1A), FMFollA] W7 %] = Wo|&= & B30.2 domainol| A 1t

EH7E el Zlo] Akl A Aske] WelelolA & 7=t} o] B9 caspase-19} A4 AdEE FAZ IL-8
933, wetA IL-18 A HESsl= B E 9= A3S HA o] WA ATA o] et TL-19 =t Bnle) oIzt
TAMA ArtdFAAAR e R Fr|E gt (13). o] ;go] 1~3UZF A&x| 3, Aakedol ot Suked, 4
3 SA7E Yehr1 & shar, 3] ell = erysipeloid eryth-
2) FL[FAAA A7 F 4 53 (monogenic autoin- emaJ €] ¢] 54 Wxlo] vehtar AAelA T B
flammatory syndrome)} H €] A3 2] o] A& = EAo] it} (17,18). HAGE wbgsl =] F
A2 A Ade] AS £qH AL 00T & A, GAA o Fe Ak Av Aol EAolrt
AA WA 1 ZF 3 (hereditary recurrent fever syn- (19).
drome)o] ¥r& XM A A1 2=} (14,15). ©] g ol &3 CAPS (cryopyrin associated periodic syndrome)® ™™ =] =
= A3 &= familial Mediterranean fever (FMF), cryopyr- Al ol dAFoZ s Azsla o7 Beksl
in-associated periodic syndrome (CAPS, t}& WA O Z fami- NOMID (CINCAZZEF), F9 ol =% A Frd|7] =4

ks
lial cold autoinflammatory syndrome (FCAS)), Muckle-Wells Hol+= vlad 7k dAokAe] FCAS, o592 7 A%
syndrome (MWS), neonatal-onset multisystem inflammatory 9] JFE Ho|]= MWS Fo| 3L cryopyring 3l E3sl=

Table 2. Classification of monogenic autoinflammatory diseases by clinical features

Disease Gene Protein Transmission
Periodic/Recurrent fever FMF MEVF Pyrin AR
16p13.3
MKD MVK Mevalonate kinase AR
12q24
TRAPS TNFRSF1A p55 TNF receptor AD
12p13
Cryopyrinopathies FCAS, MWS CIAS1/NALP3 Cryopyrin AD
CINCA 1q44
Granulomatous disorders Blau’s syndrome CARD15/NOD2 CARD15 AD
16q12
Pyogenic disorders PAPA syndrome PSTPIP1 PSTPIP1 AD
15q24-q25.1
DIRA IL1IRN IL1 receptor antagonist AR
2q

FMF: Familial Mediterranean fever, MKD: Mevalonate kinase deficiency, TRAPS: TNF receptor-associated periodic syndrome, AD:
autosomal dominant, AR: autosomal recessive, FCAS: familial cold autoinflammatory syndrome, MWS: Muckle-Wells syndrome, CINCA:
chronic infantile neurological cutaneous and articular syndrome, PAPA: pyogenic sterile arthritis, pyoderma gangrenosum and acne syndrome.
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Figure 2. Molecular targets of
monogenic autoinflammatory syn-
dromes. Mutated proteins are ma-
rked as stars. PAMP: pathogen as-
sociated molecular pattern, DAMP:
damage associated molecular pat-
tern, LRR: leucin repeat region,
PYD: pyrin domain (dashed box
shows detailed structure of pyrin
domain).
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protein, CRP), &Jo}d Z o]

7} 5ol YA ZAAE &

A &E7H) EH] (53] IL-1 o»l—), el IL-1 8 A4 5, <
Toll A microarray7]qF F-A A} W EY Fo] AHAAHA
GASE S = ok 9bd o] &3k 34
A= 9 HIFZEYUEE, €4 52 microglobulings s,
W ARG, & YET S, ol 9lell LR YZTF
3R A E7}Q] Bu| el microarray”] ¥t A} HEE
o2 d&Fd g ok 32). wekA delA RS E
olfl 245 Iusle] ArtdTAARI ArPH IS
T2 uf F&3HA

A5E  glek

I A(serum amyloid A, SAA)S
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Sehe B4o] Qek wAEY 94 ANGAZARO R
75 =l oF4 non-HLAf-A AFeke] fhed A o] ¥hs] 2] 4|
¢k9ko ™ FMF, CAPS, PAPAS} =l FA 2 (MEFV,
CIAS1, PSTPIP)ol| o] 42 AR A] ¢kgket (33). o] A3t
oA el EEutel, 3Ae), A4l Wahed, pathergyd
4 5o AYH ArkdZ A% EMFIA vhehhe 24
A g 3ekz Autel gt QlAakekAlo) A xlo]| S Hol
oh A EY A1 obF g AR kARt ofE] 4T
Az 74 ARt 5 vhelglotel] o3t Axm o o] FA] Shell

| Unknown origin fever with systemic symptoms |

o144

L5

gt A7t SRS (AL-1, IL-18%5 7}, &
AIE A 3ok e
UERAL gl (33).
B¥ 9 M BEAE
cryopyrin-associated inflammasome activation®]
o2 FREAUIL (34), o1& W IL-18 <
A X 8A9 =)ol AI=E L gt (35).
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20~30%72§ 2= HL‘"*}X]”]' Z‘-—l‘ﬁ 1Ay 53] YRl Auk
Vel =2 M694Ve] AH & (disease penetration rate)
< vl Yol o} Bk A] g2 4% QQlo] Hei
Aom 2ERT. A% AAIA JuE AR Hx
sk 27] o]l Edwo]r} WA= ofof 3}, 44 FMF
S Ho|= 3kAte] <F 70% 4 YEhdT) (37). Y

PMFS] 4% AZ sdghel 9S4 ) 0Tl
B g el S0 dAVE Ded Aes

79l glek

A7F S A kel Soldt Al 442 1L, ESR, CRP
5 DEFX2] Z719F SAA (serum amlyloid A)7} <53t
H|50]% &7io] ol Aprhel S A gl A= i
g E Wdske 3AE WL, S FAA ARl =
Zotol| A F2 Wlslal 7hS o] Ex|3eh whekA] HA
nde] e gdolt Widy 5 LofellA &3 1

Of

Exclude | infection, malignancy (leukemia..) |

A
| Check family history: Pedigree analysis |
[

v v

| Autosomal dominant |

| Autosomal recessive |

4 N

TRAPS: long-duration attacks, skin rash,
muscle/eye symptoms rash
CAPS: urticaria, deafness, CNS
findings (headache, dizziness)

PAPA: arthritis, skin ulcers, severe cystic | | lymphadenopathy

FMF: 6~72 h attacks, serositis, erysipelas

MKD: 3~6 days attack, rash, Gl
symptoms (vomiting, diarrhea),

acne DIRA: pustulosis, osteomyelitis

Genetic testing

M Figure 3. Diagnostic flow sheet

Consider polygenic autoinflammatory conditions | for evaluating
:AOSD, JIA, Behcet disease..

autoinflammatory
diseases.
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< AL Aol Fasit. o]F Ulo] v
= %E(family pedigree) S ZA}slo] Ao A Al
AR, dARAJIAE ghH g} ke $A4 - olghd
TRAPS, CAPS, PAPAY] 71548 a3l EAA A=
Ae aHste] Fekstel mkek A4 A
MKD, HIDS, DIRA 5¢] A3+S et} §-4A Q90|
AR A grevhd HAAA Fobels A
JIA, WA EH S sesla, 543 44

St} (Figure 3).

oIHEHEES X2

A Z1EIHNE ATrd T As e WeldelolA 7
_9_31' J&-§ 3= 72 inflammasome®l] 2|38} caspase-1
2 el IL-18 9] AA Srleldh o]d o] &4

74; IL-19 A7} X 59] FAle] =t (38). IL-1 A AA]
2E IL- 1584 Z8A|(anakinra), IL-1 Trap (rilonacept),
IL-15+Y 2238} 4| (canakinumab) 5-©] 9Jr} (39,40). TRAPS
9] Zf-oll= TNFAEA, 53] etanercept?t 22 &34

Table 3. Drug treatment for various autoinflammatory diseases
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TNF&A7F 3494 5= glek @1). 23122 FMFellA
b ARebAleln ob Zol = HA4S oAl 750l
9, A Z4F vkl aytAolr} (42). YHFH o7 |
mg/day-& -5 A&t (54 o]s} 4o} 0.5 mg/day, 5~ 10
Al 1 mg/day, 104] ©] 1.5 mg/day), CRP, SAAE &3l
A AR 735 2.5 mg/day7HA Fol Thssteh A
ANGZARAA T2 ARE B BFToll NG A
ZF2o| wolut kB2 A glo] wHEH, BF S|4
5 235 velhbdth MKDSF S E o= A AIA
ZH|Zo]E XFoi(prednisolone 1 mg/kg/day)7} EI}=o]x
A4 Fol7l ALY AGE Yk @3). Aol FEAER,
HlEEHH | E 5 WA Al Hb-go] gle A-Folle
TNEZ 317} Blau syndrome 5 %054 Akel] el
t} (44) (Table 3).

AAA FeielsAgs B At FH AR E
QAT A Folul IL-1738A), TNFAZA 5 34
E7}ol x| 87} 9 AbellA] EaHAl Bl 9la, wiXEW
oA ZelRol A4 7, 78k ArhdEA Hel Aol

Disease Drugs Evidence
periodic/recurrent fever FMF Colchicine +++
Anti-IL-1 ++
Anti-TNF +
MKD Systemic steroids ++
Anti-IL-1 +
Anti-TNF
TRAPS Systemic steroids ++
Etanercept ++
Infliximab -
Anakinra +
Cryopyrinopathies FCAS, MWS Anti-IL-1 (anakinra, rilonacept, canakinumab) ++
CINCA

Granulomatous disorders Blau’s syndrome Systemic steroids +
Cyclosporin A +
Methotrexate +
Anti-IL-1/anti-TNF +
Pyogenic disorders PAPA syndrome Systemic steroids ++
Anti-IL-1 +
Anti-TNF +
DIRA Anakinra +++
Systemic rheumatic diseases Behcet disease Colchicine +++
Cyclosporin A ++
Anti-TNF +
AOSD* Systemic steroids +++
Anakinra ++
nA’ Anti-TNF ++
Anti-IL-1 +
Gout Colchicine +++
Anti-IL-1 ++
SAPHO' Anti-TNF ++
Anakinra +

*AOSD: adult onset Still’s disease, THA: juvenile idiopathic arthritis, TSAPHO: syndrome of sacroilitis, acne, pustulosis, hyperostosis, osteitis.
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