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Inflammatory Bowel Diseases and Inflammasome
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Inflammatory bowel disease (IBD), the most important entities being ulcerative colitis and Crohn's disease, are chronic, relapsing
and remitting inflammatory conditions that result from chronic dysregulation of the mucosal immune system in the intestinal
tract. Although the precise pathogenesis of IBD is still incompletely understood, increased levels of proinflammatory cytokines,
including interleukin (IL)-1p, IL-18 and tumor necrosis factor-o, are detected in active IBD and correlate with the severity of
inflammation, indicating that these cytokines may play a key role in the development of IBD. Recently, the intracellular nucleo-
tide-binding oligomerization domain-like receptor (NLR) family members, including NLRP1, NLRP3, NLRC4 and NLRPG&, are
emerging as important regulators of intestinal homeostasis. Together, one of those aforementioned molecules or the DNA
sensor absent in melanoma 2 (AIM2), apoptosis-associated speck-like protein containing ‘a caspase recruitment domain (CARD)’
(ASC) and caspase-1 form a large (> 700 kDa) multi-protein complex called the inflammasome. Stimulation with specific microbial
and endogenous molecules triggers inflammasome assembly and caspase-1 activation. Activated caspase-1 leads to the secretion
of proinflammatory cytokines, including IL-18 and IL-18, and the promotion of pyroptosis, a form of phagocyte cell death induced
by bacterial pathogens, in an inflamed tissue. Therefore, inflammasomes are assumed to mediate host defense against microbial
pathogens and gut homeostasis, so that their dysregulation might contribute to IBD pathogenesis. This review focuses on
recent advances of the role of NLRP3 infllammasome signaling in IBD pathogenesis. Improving knowledge of the inflammasome
could provide insights into potential therapeutic targets for patients with IBD. (Korean J Gastroenterol 2011;58:300-310)
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AEAE FAE A XZolli= HI-NLR type?l ‘absent in
melanoma 2 (AIM2)'2}1 W= pyrin and HIN (PYHIN)

IL-1B converting enzyme [ICE]-
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NLRP3 inflammasome®] $Q4S B3t At o 4
Qlth# okA] 47Kt ule} o] NLRP3: inflammasomes -
Aots AE W geo]ch®® webA] NLRP37E E9HE in-
flammasome (NLRP3 inflammasome) IL-1B%} I1-189]
& e ©] cytokine52 A5S U ¥ oyt
AA7F F IECs S)E % Frofdichis oA, * NLRPS in-
flammasome< IBDQ] A Ao Ho& 7}5Ao] thrtd]
Lo} I8y o]9k= HH|2 NLRP3 inflammasome®| IBD %
B g e 223 RuER ek 3hH NLRP6 in-
flammasomeX® A Wi FArFR ot Ao 2o o
st o] Byg uj2o]® 2 FH9 inflamma-
somelr IBD HQl&o] #old 7HsAdol #tt. o] 4o+
A 7A] B1H inflammasome oA & NLRP3 in-
flammasome¥} IBD ¥ <121}9] A of tjste] & &

S

rtc
i

1. IBDOIMS| NLR Aladel 524
NLRPSQ]- THE NLR ©h¢] Nod1¥} Nod2: Ay u]Ad
-e]of] oot %d%ioa ZHsh= Fa%k QIAo|t} Nodl
JJr Nod2& #7dute] 9l IECs, Paneth cell, UA AN E
(antigen—presentmg cells, APCs)of|A HA A1 A} (nuclear
transcription factor)?] NF-kBS} AP-1& FAISIA7IcHY 1
29| IBD 2A}9] oF 15-20%9)| 4] Nod13d} Nod2E
I Q= AR SR W E
I} Nod2:=
terminant)?l Atg16L1ES A|EZHplasma membrane)C.
H290 24, autophagy?] 7]%Zdo] Boldtcth® Auto-
phagyel o= lysosomeg ©|-8-3F0] Al 2419 4 A&
= WHEhe 285 Ett mebA autophagy”t 2hEE o
A7} TEE, AE o] i 245 SAEe) W §
It o]%7] % DAMPs A7} 5SS 23412
S 93, NLRso] QIAJ310] Q58-S JuAl7]A) ek
o] autophagy 2747] Atg16L1& codingdlil ¢l
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QITh % I3} Nod1
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NLRP3: WA 9} [ECs HFolA gt *“ NLRP3
¢} tjEo] apoptosis-associated speck-like protein con-
taining ‘a caspase recruitment domain (CARD) (ASC)Z}
caspase-1°] ‘inflammasome’©]2}1 ¥}= multi-protein
complex (BAF%F 700 kDa ©JANE Ao}, ©] complex:
EA Z70o] T caspase-19] T4 W3t} Caspase-1

& [L-1B ICEL® &HEA protease®, H|AE
pro-IL-lBE} pro-IL-18 5-& A<3F Je 2 vt 93-S 3t
} 24 = caspase-10] EAISIE W HLEA (precursor) 3
g9] pro-IL-1B2} pro-IL-18 5o LAIstE dHelo] XAIFA
cytokine©. &2 Al<sEo] MxZ dtog Bu|Hog ] H|ZA

cytokine?l

Enteric microbiota

PAMPs

Biological effects

Fig. 1. Inflammasome signaling pathways. Nucleotide-binding oligo-
merization domain-like receptor (NLRP) within the cytosol of
intestinal epithelial cells recognizes pathogen-associated molecular
patterns (PAMPs) of the enteric microbiota and forms a multiprotein
complex with apoptosis-associated speck-like protein containing ‘a
caspase recruitment domain (CARD) and caspase-1 called the
‘inflammasome.’” NLRP3 is capable of sensing both PAMPs and
endogenous damage-associated molecular patterns (DAMPs). The
inflammasome plays a central role in the inflammatory process by
activating caspase-1 and mediating production of proinflammatory
cytokine interleukin (IL)-1f and IL-18. In addition, caspase-1
activation mediates pyroptosis, a specific form of early cell death
induced by intracellular pathogens that promotes cellular lysis and
the release of intracellular inflammatory contents to stimulate
additional inflammatory signaling pathways.
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AL & o ok TP IL-189] IECsO] 413 dl5&
GAl A=A digt 712 oF27HA] LA B
AA ekl .

3) Aol shAM(gut homeostasis) RXIE €I$t NLRP3

inflammasome?| g%t

A Weluhgolet e AR A vgR el
el RS A HUFel A Al
wojwlelo] A%BEE A4S ofndth. ol Welge] FHL
Aho] GARS $ASH el Fastch a9 BD
Sl A o]7d Aol ShlHo] Gl 97k B3tk 1
A% IBD A% 34 F FAAFUEe] et o)
JEY 5 o, & PAE

nitrobenzene sulfonate (TNBS)E Fojdf FANAES &
A A, As da, AAL 2% 283 AEo] dbt ot
92| U] ) A8 LhedTh® NLRPS 0k9-20} 9L
314, inflammasome LAl ASC2} caspase-10] Z2Y
o] # meoXk DSsel ot o] BelxA] wstel AbY
o] o ¥/ WA % NLRP3” casp1” vh§-2
of F44UE I ¢ IECs2| F4]o] Tradich™ 1)
a1 o] mpe-Aof DSSE Fofsto] FEE AUY A, HH
F o] STkt o] Al et Ao R Sl
£ AL PEY £ Aot o]d AIHEL DSS7} IECsO]
EARIRE AFo| = E4-%F1l, NLRP3 inflammasome©]
A oR A A-olli= DSSofl &gt 32 2EA7]=

d B 74F AT9S FAT 5 UL Aot ES

7Fs3HA @ &thFig. 2). ©WeFA NLRP3 inflammasome 4l

i

2d] NLRP3” casp1” wl-9-A0] DSSE A9S §HA]
24 A A veAaRT 5 At SAko] Y=, ol
H|-Z 8 A X (non-hematopoietic cell)o]A] NLRP3™ Ei-
caspase-17°9] 738 BA71H 1 Z4o] Ae] dsh
t} 183 IBD @R A 9] 11-18 AA-S 11-8-3(lamina pro-
pia)o]l B3E3= HlEo)HE e t” webs 1BD e 4
ol 9014 1L-189] LU [ECso] FUY A ohleti
% % ek

Fre) Kby A% o), BCsel A F1417]
= Q4 =9 R -uAE HEFo]E(anti-microbial
peptide)& & 7 AUth &, AlA = Ao HAdS B3
e o] AR G fAISH ] I8l Aol f3Est
L [RCs9} SARAIE Sol A gz Rele} Belo] 2t

Normal IEC barrier

Acute colitis
118 regeneIration l *
Proinflammatory
\ Stgm cgll —IL-18 mediators
proliferation
C%’ Inflammasome
CAC development

-y — Inhibition of epithelial

118 proliferation

Fig. 2. Hypothesis of nucleotide-binding oligomerization domain-like
receptor (NLRP) 3 inflammasome-mediated protection against
dextran sodium sulfate (DSS)-induced colitis and colitis-associated
colon cancer (CAC) in mice model. DSS causes direct intestinal
epithelial cell (IEC) injury, increasing permeability and translocation
of bacteria into the mucosa, leading to inflammatory responses that
include the recruitment of immune cells such as neutrophils and
macrophages. In the stage of acute colitis, the production of
interleukin (IL)-18 by the NLRP3 inflammasome may be involved in
IEC repair. Chronic inflammation can lead to carcinogenesis via
production of DNA-damaging oxygen radical species, proinflam-
matory mediators that promote cellular survival, and increases of
epithelial proliferation and angiogenesis. In a murine model, the
carcinogen azoxymethane is used to introduce genomic mutations
by methylation. Although the mechanism still remains unclear, the
downstream signaling of IL-18 and interferon-y may play a role in
inhibiting epithelial proliferation.
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% F-uAE Feo| =g FHA G ulgE 4] oA 7]
52 YUEW = EZ & defensin, cathelicidin LL-37, lyso-
zyme, phospholipase A, Alit4s| 7152 2= 725 ol
(9], ubiquicidin, ribosomal protein, eosinophilic protein)
o] A gk

o5 FollA thE2Ql F-n]E FeEe| =R 18-467]9] of
o] L= AKERFEF OF 35-6 kDa)2. 2 LAJE HEFo|E defensin
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Agstol, A

ZF od2A i} Defensin Aot A3}
£ 933ttt o] defensin

ool S WORM Al NS w1y
L 34 a-defensin} B defensin® & U&= 4=t} Al
A9 oa-defensin® FTELoJA EH|EE 4229 o-de-
fensin (human neutrophil protein [HNP]-1, HNP-2,
HNP-3 9 HNP-4)1} Paneth cellofA] EH|EE= 2250
o-defensin (human o-defensins [HD]-5 9 HD-6)0| EI1E]
o] Qtk® 1¥]1 B-defensin® oA s]EHHoZ
(constitutive) BF¥ E+= human B-defensin (hBD)-13} Y
o 59 A= 93] FEE+= hBD-2E U 01:}82

NLRP3" u}9-A 9] th# crypt= 3h-u]4E EAo] 7Had
& Kol o A== W82 defensin TE Holet ¢
Belo] Ak ol BBAY AT 22 AN do-
fensin®] Fo] raElo] Qo Ho ™™ QA=
ot Ao vehd 7ol =tk T1E|Y defensin ‘?n_‘cd
o] NLRP3 inflammasome®] 2J3} ZH&A 0T ZAE =2 =
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