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Abstract: Nucleotide-binding oligomerization domain containing protein 2 (NOD2) is a member of
intracellular pattern recognition receptor. After being activated, it will induce the release of inflammatory factors
through a series of signal cascade transduction, thus playing an important role in the innate immune response. The
abnormal NOD?2 signaling pathway is involved in the occurrence and development of many diseases, especially the
single nucleotide polymorphisms (SNPs) of the NOD2 gene have been identified to be closely associated with
autoinflammatory diseases (AIDs). Therefore, inhibitors targeting NOD2 pathway have great potential in the
treatment of inflammatory immune diseases. This review presents the recent progress of NOD2 receptor-mediated
signal transduction pathways and its regulation mechanisms, the relationship between NOD2 and AIDs, and the
inhibitors of NOD2 pathway.
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KA B IRE, BEAE T AN ETIR N, KL NOD2
TE 2 Bl 98 R S P2 M5 vh Ok HE T AR Y AR SR
NOD2 Z A& 3 45 5 % Sl % S Hf i pLH .NOD2
5H 5 &AM (autoinflammatory diseases, AIDs)
126 28 LA S A 7RV 72 1) 5o 10k e EAT 450

1 NOD2 Z{&E N

NOD2 J& T- NOD #¥ % f& (NOD-like receptors,
NLRs) 5, Hgnfd iR AT NG tofhk 16q12 |, &
2B IIRE 2 7. 4B NOD2 S H &
1040 NRIERR, 73 N 3NS5 ki N E &R
12 % & 7 %1 (leucine-rich repeat, LRR), 3= % F - fig {4
W o TE) ) A% IR 45 & 45 # 3 (nucleotide-binding
domain, NBD, tB# A NACHT), % 5 ATP/GTP 45 7+
£ P IR (Walker A 3 /77) Fl Mg™ &5 & [X (Walker B %t
7)), 5T ATP (1) 5 5 JR Ak SR AH OG5 24 25k iy 1)
B K ATl 45 4R 45 M) 38 (caspase recruitment domain,
CARD) 7215 A& AL i, W] 5 RN 4y il 8 E oL -
W U BAE RS 54 N2 (B D,

NLRs 4,35 NLRA .NLRB.NLRC.NLRP Fl NLRX
SIS . NODI F1NOD2 & NLRC W 5 % ff) 3
R, B W B F, XONAE T NODI1 2 2 i A
— /> CARD %5 4 45, T NOD2 Il %5 45 Pi 4> CARD %5 1
WP, Ak, NOD1TE & Fi2H 2R 40 f )iz 3R 1A, F 2
e FHE (peptide glycan, PGN) [ y-D-75 &
Mk 3 — — & 3 B¢ — R (y-D-glutamyl-meso-diaminopi-
melic acid, iE-DAP); NOD2 = £ HuiZ 41 g« B W 41 fil
IR ZEIR 4B (dendritic cells, DCs) FH 1A, iR 5 40 i
PGN " /1 Jifg B% it — Bk (muramyl dipeptide, MDP). #x%
T TR, N- 2 ot 22 55 4 %0 F B (N-acetylglucos-

NOD2 gene

NOD2 protein structure

R334Q

amine kinase, NAGK) [ {t. MDP C6 o7 #7525 3 7 A= 1)
6-O-Tf FR At -MDP 5 NOD2 15 1] [ <48, 15 Rt NAGK
() B 48 il 7, NOD2 ANRE R MDP!™. it 4k, NOD2
I A] DL A S Y (G A, T 2 BRBE RNA (single-
stranded ribonucleic acid, ssRNA)®*'"" DL K7 4% H fih
NLR —FF, X 5 645 = B £ 41 5% 73 F A X (damage-
associated molecular patterns, DAMPs), Ul ATP 5§ JR fig
S AR HH SR, AT M 7 AR LS S
2 NOD2ZANSHESHSERK
2.1 HENRWESESER

TETCHCARAFAE R, LRR 45 ¥4 35477 & I NBD 45 #4935,
HICARD 45 #4358 I, # NOD2 &b T [ il () TE 3 14
FpRgE M. NOD2 ik ji i 5 #44R 78 & [ (heat shock
protein, HSP) 70 5 HSP9O &5 &, it — 2D #a & i i [%
fiEEt™. 4 LRR 45 #4351 5 MDP Ji5, NOD2 4 % o 4%,
i NBD 45 #3801 CARD 45 /3l & 28 H B 3 R Ak, 5
E AL 1) NOD2 J# it CARD-CARD [H] ¥ & A #H F.1/E
FH 22 %2 AR A H A 2 A 2 (receptor-interacting protein
2, RIP2, X FK RIPK2 8% RICK, H: 45 ¥ f1 45 CARD 45 #)
Jo, VAR 22 R 3 RN Hh e DX s, AT T BRCS E ME CARD
2 AW, RIP2 FF4: 45 4 7€ CARD B &4 KK T 12 e
22 4R &5 F ¥ RIP2 3R & &, RIP2 5 & & 1 T B Xt F
NOD2 K #i /) NF-xB i& 4k & 06 T (U7, Bl 5, 32 &
HEFE I AE RIP2 KA K63 12 RAAI M1 iz 1k, K63 £
R 3 5 A AR K R O B0EE 1 (transforming
growth factor B-activated kinase 1, TAK1). TAK & & &
i (TAK-binding proteins, TAB) 1 fll TAB2/3 & & 14 &
RIP2 (1) 3 45 f 35k, M1 2 2 4@ 1 5 NF-«B 2
5 /2 A (NF-«B essential modulator, NEMO, 3 F

TVS8 158

Yao syndrome: IVS8 +158 R702W

The disease association with the NOD2 variants
Crohn’s disease: R702W, G908R, 1007fs
Blau syndrome: R334W, R334Q, L469F

Figure 1

Schematic representation of nucleotide-binding oligomerization domain containing 2 (NOD2) gene and protein structures. The

numbers over the diagram are the first and last amino acids of each structural domain or motif. The NOD2 gene mutations are categorically
located: NBD/NACHT (R334Q, R334W, L649F), LRRs (G908R and 1007fs), and in between LRRs and NBD (R702W). The NOD2 protein
comprises 3 domains: 2 CARDs, NBD, and 9 LRRs. CARD: Caspase recruitment domains; NBD: Nucleotide-binding domain; LRR:

Leucine-rich repeat. Data from UniProt, https://www.uniprot.org/
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IKKy) [F4H B AF ¥ IKK & A 74 55 4 42 RIP2 [
X 3 . 25 [A] () 550 A TAK L 8 B2 1k I 3% 1k IKK g,
NF-«B #i1#] & ( (inhibitor of NF-xB, IxB) # IKK S 2
1k, AT 2092 AN R B AR PR i, BETSCHE [Y) NF-+B — 2K
At M 2 6 240 B %, 155 H AR S R B s f R s,
TAK 1 7K BE W% % % 1k MEK4 . MEK6 A1 MEK 7, 4k ifij
1% p38. c-Jun % 5 K Ui B (c-Jun N-terminal kinase,
JNK) F14H B #6855 55 A ¥ (extracellular regulated
protein kinases, ERK), ‘AT 0] 3t — 5 iH 1k AP-1 5 5¢
TN, K & B S SR 388K 1 9 (caspase recruitment
domain-containing protein 9, CARDY) #% # i& 188 i 35 4E
F|NOD2 A1 RIP2 I, 7 p38 Al INK i 1k i & 4%  HiAf:
P, 2% I, MDP il il NOD2-RIP2-TAK 1 i % 3 i
NF-xB 1 MAPK, Mg i3k 98 A S 3 k2B (B 2)s
22 WEARWMESHSER

NOD2 i %% [ BFHi % (interferon, IFN) JR 7
POw B S T R AEAE T . NOD2 8 33E N\ 40 g Y ()97
ssRNA WU J& e A B4 RiAR, 8 5d H CARD #I NBD 45
W35 2 R AR BU9% 8515 5 B2 1 (mitochondrial antiviral
signaling protein, MAVS) #f B {E H, B J5 LA TNF 52 14
1E A F 3 (TNF receptor associated factor 3, TRAF3) &
#1077 PSP R T K 1 3 (interferon regulatory
factor 3, IRF3), 55 I B IFN =40, b4k, NOD2 7
JRENUEE DNA 3 588 N2, /g %15 NOD2 (1) S5 55
IESE B 41 B 75 (cytomegalovirus, CMV) BG4l i 5
Al NOD2 i #1555 NF-«B i 16 J2 IFN-B 72 42, M
M R ) CMV & 112, MDP #] i i1 TBK 1/IRF3/7 i #
5 CMV % 5 [ IFN-4 7= 424 (I 2),
23 NOD2 T &HIBME

NOD2 7E N2 4 B 1) 3 Wi S B A R 5 B AR .
Y K 1R N4 LS, NOD2 iR %) MDP ifij i% 4k, 4k i
B WA 9% 16 B 25 1 1 (autophagy-related 16 like 1,
ATG16L1) Z£4E 40 B 12 N AL 25 0940 f i L, fi ke B
Wi, Héf o PR 40 R O 25 2] A R LR BTG R . R
) NOD2 WA R 56 il bR i 72, 5 35040 i B W P 3
BR324, NOD2 53 ) [ Wit 18 % A~ (6 T~ NF-«B i
BRI AL, (H 75 & RIP2 %A 410, A F 58 3F 52
RIP2 2 5 NOD2 4 3 1) F W, 78 i F K ILAE RIP2
B AE DL AT R AE WY NOD2 Fl ATG16L1 %
Z5M 5 CDAHE, IX S CD 5 W 5k e A4 1 i
BPEAK . e Ah, DCs A [ 40 B Ak B R 40 R 2 52 1
NOD2 4 T 1 H B F ik ik #2 78 NOD2 f1 ATG16L1
A5 ) CD H# DCs HH 32 BHP7 (81 2).
2.4 NOD25ERS
2.4.1 NOD2IFESFERS & Ak 3 sl 3 K 2 v 131

W )i ¥ (endoplasmic reticulum, ER) 245, 5 2 ER M
% (endoplasmic reticulum stress, ERS). ERS Al il ER
J5F ) & OB RNA RS A J5T I B (protein kinase
RNA like ER kinase, PERK). /L[ 75 3K i 1a (inositol-
requiring enzyme-1la, IREla) F1i5 4k # 5% A 7 6 (acti-
vating transcription factor 6, ATF6) %% 3 /™[5 JIF 57 1 fyh
KA B HE H XM (unfolded protein response, UPR),
W 9T R B, 75 N B A% 40 B ok U5 1 Bk 48 B, MDP
WOE NOD2 Ji5 /2 f8 2 % g 45 #4933 1 (laccase domain
containing-1, LACC1) JE fi. - ER, LACC1 7] 43 jj| 5
PERK.IREla Al ATF6 A I I JF 45 EATI 4L, M
ik UPR. il IREla. PERK 1 ATF6 M i 44 3 AJ fi¢ ik
NOD2 41 5 ] NF-xB Fl MAPK i 1k, . 41 fifd 5 7 7= 25 J
I3 SR AR B

2.4.2 ERSHJENOD2 NOD27E UPR 415 ) & JiE il
% R R AR Y. 3SR IRELo BT Bl R
BY [R 7 52 & A 5 [Kl -F 2 (tumor necrosis factor receptor
associated factor 2, TRAF2) # 3% £ ER Jiit, ifi if NF-«B
HINK 242 J5 ) 20E s R E4h, IRE1a/TRAF2 5
E 6 AT BB R NOD2, It 2 7 B RIP2. 7 JR 1k
(77 A0 B IR AR R AA) S ERS (46 52155 357 (75
M O 8 OB ) AT i BOE B R IREla-
TRAF2-NOD2-RIP2 i #% {i¢ i3k 40 i [l - IL-6 (1) 7 4=,
$&7K ERS il i A PGN 1) 77 0% L NOD2, {H H 44
B i ANE Y SR, 53— I RN A B S bR
5] ¥ NOD2 ¥% 44 2 8 i 3 In i 2% Ca® 7K P sE I 1,
A0 N Ca™ B9 N 5 304 i 1% 77 2 B ML b S A i E
PGN # 4 77, AT i b NOD2; ASS2 0 41 i 4 Ca* /K-
7 ER 5 377, K R4, WARETR L NOD2. [ i,
ZHT TN ERS A 5 AN BE B H0E NOD2, i 2438 it
PGN f& i 1) 77 (0% HZ B 70 9 WA PR i E
PGN /& 75 1 L7843 35 4k NOD2, [K Mt 75 H i 45 18 1 75
H— P RE.

2.5 NOD2{5SBERHIEE

251 NOD2WIFRZEML HIANOD2 J& T Mk N =%
A, AR L TE A0 55 200 P B 7 A B R A P AR B ) 6
O, HHED AT BE 2 K NOD2 % iz 211X &8 Jie 44 3k N (1) A7
R NOD2 i & A 40 i 5 1 AN 75 4E, LRR 4544
3 0oF HG A R 5 A 2 0 TR B, LA A I ) R AR T 3
NOD2 sE iz T 3¢ . B4k, NOD2 41 Jifd % & £z v fie
W 5 N30 a0 R 2L A LA R B AR N,
NOD2 5 4f ff it b i3 % 85 A 3@ Ar; 5 1 757 48 i &
J1) Rho GTPases A BAE FH; I Ge % 5 i b Rz 4 i ik
J&E AM 0 A ) FRMPD2 A1 Erbin 45 &, ' 11143 5 &
NOD2 15 5 i % 1 1E [ A0 G ) P8 35 B 7o Sl R BL
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Figure 2 NOD2-mediated antibacterial and antiviral signalling pathways and the regulation. Bacterial MDP is recognized by the cytosolic
receptor NOD2. Once activated, NOD2 oligomerises and then recruits RIP2 via CARD-CARD interactions, resulting in hetero-CARD
complex formation. Cumulative binding of RIP2 to the hetero-CARD complex promotes filament elongation to form the helical assembly.
Then RIP2 is polyubiquitinated by E3 ubiquitin ligases, resulting the recruitment of TAK1: TAB complex and the activation of NF-xB and
MAPKSs. They translocate to the nucleus and transactivate target genes. In addition, NOD2 is also activated by sensing of virus-derived
ssRNA. Binding of NOD2/TRAF3 to MAVS induces activation of IRF3 which induces IFN-f gene expression. CARD9 plays a critical role
in NOD2-mediated p38 and JNK activation. At the bacterial entry site on the plasma membrane, NOD2 can recruit the autophagy protein
ATGI16L1, leading to degradation of intracellular pathogens. The above pathway is regulated either positively or negatively by multiple
events, such as membrane localization, phosphorylation and polyubiquitination. MDP: Muramyl dipeptide; RIP2: Receptor-interacting
protein 2; TAK1: Transforming growth factor f-activated kinase 1; TAB: TAK-binding protein; NF-xB: Nuclear factor-kappaB; MAPK:
Mitogen-activated protein kinase; ssRNA: Single-stranded ribonucleic acid; TRAF3: TNF receptor associated factor 3; MAVS:
Mitochondrial antiviral signaling protein; IRF3: Interferon regulatory factor 3; JNK: c-Jun N-terminal kinase; ERK: Extracellular regulated
protein kinases; ATG16L1: Autophagy-related 16 like 1; XIAP: X-linked inhibitor of apoptosis protein; cIAP: Cellular inhibitors of
apoptosis proteins; TRAF6: TNF receptor associated factor 6; LUBAC: Linear ubiquitin chain assembly complex; ZDHHCS: Zinc finger
DHHC-type palmitoyltransferase 5; cUPR: Cytosolic unfolded protein response; ZNRF4: Zinc and ring finger 4; MYSM1: Myb like,
SWIRM and MPN domains 1; OTULIN: OTU deubiquitinase with linear linkage specificity

NOD?2 f JIE 52 A7 DL K 6T PGN B 4 8 W 28 75 B A Ml ik B O, WA 4 BT R BT RIP2 B9 2 AR AL AL 45,
Wl ZDHHCS /1 5 11 NOD2 £ i Bk AL A& 1B Z AL T B 5 E AN AT AR T IX 4, 0 F5 S168.S176.
2.5.2 RIP2BYFERS {1 RIP2 /2 NOD2 1 5 i@ I 1 BB S363.Y381.5393.Y474.Y520.S527.8529.S531.S539
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0 Hod Y474 BB R 46 X NOD2 5 5 1l % 5% 5 A
AEEEH, RIP2 AU EH LE IR/ R IR E (IS
PE, ik B A B & R WO 3 £ . MDP #0% NOD2 J5,
RIP2 [¥] Y474 K 4= B W TR Ak, 1257 o5 19l T8 A4 4 #0k1) ]
FAAR T U NF-,B 375 1 AN 41 i (R 7 7= 2R %)
253 RIP2EIZZ RIP2Z £ FifE 5146
F) <8 X %, TAK1.TAB1 Al TAB2/3 & & & 54 DL
o NF-xB 35 AL AR #T K209 £7 4 172 A6, P 1410
ffill & [ (inhibitor of apoptosis proteins, IAPs) 5 & I
XIAP. cIAPI Al cIAP2, DL K2 TRAF6. Pellino3 /& & 5
RIP2 K63 7z A1) E3 4 iy, ZEVE Tz REEH L E &
%) (linear ubiquitin chain assembly complex, LUBAC)
A5 RIP2 [ £k 32 AL, B A1/& NOD2 {55 [ IE [
WA R R, L XTAP X NOD2 15 5 42 4 7 1,
XIAP 62k B RIP2 72 AL 0 #1 \LUBAC Z2 48 52 (H
DA B 98 A 5 9 55 FAH 1R T BR AN A2, XTA P R F8 AR mp
g1 AR R AL 9 M Y

B IR R B ] 5 NOD2-NF-«B il 4 ) E3 & 4%
fit;: ZNRF4 1 5 RIP2 [f] K48 12 & Ak, [ 3 1 fA ), 24
RIP2 [f1 Y474 K AERERRIL S NF-«B ¥ J5, FEE3 2 R iR
HiE#E (itchy E3 ubiquitin ligase, ITCH) 72 & 1k RIP2
N T $3 1) NF-B 3 A0 FH 48 i R 7= A2 0 ITCH B R
4 Rl = % NOD2 15 5 1) £ S A5t 54 F, £ MDP )
B BN BN NF-B 35 PRI M K /K 7. BhAh, &
72 Z AL, AL 45 A20.OTULIN.CYLD Al MYSM1, i
A5 RIP2 {52 AL 77 NOD2 15 5 % 141,
254 HEAIFES TS NOD2 & 41 i i [EF 4
RE SRS G S HAE K B A 2 Ak, R R E
5/ (signalsome). 1T B 55 K I, NOD2 5 5 /Mg
[ 2H 2% DA S T Uit NF-xB 18 2 (135 4k 52 2 1 HRI (heme-
regulated inhibitor) -elF2a (eukaryotic initiation factor
20))-HSPBS #4) /i, 1] 41 i )y UPR (cytosolic UPR, cUPR)
P FER . Ak, TNF-o # 10F S22 NOD2 i # (1] 1E 1]
WA T, A L MDP i 5 ) NOD2.RIP2.CXC &
A0 TR F RO 4 20 i IR F- ) mRNA AR (3 Rk 7KF, A
J¢ MAPK Al NF-xB ()5 L),
3 NOD2 5 AIDs

NOD2 {5 5 18 % 5 o U [ 2 P I 1) A2 0 Ok
JE&, 045 2 RUWH TR « 48 1 P s < 8 3 Bk o A s 4 A
WENG & . T NOD2 BE R (1846 2 &5 M 5 2 5 AIDs %
PIAHOEU (K 1), AIDs /& 7E 1999 445 52 LI — 4 i+
HE R R AR gD B 1 O, [ S kA, R R
B H B A B BRAR B 9 R SR, L R BRHIE & R
B REY . 5 B & S R AN E, AIDs B =
TN RGN EEBURER (B S RN T 400

a5 S PR e 4™, NOD2 AH 5% 1) AIDs 245 Blau 4%
4 4E (Blau syndrome, BS). 2 [RZE & 1iE (Yao syndrome,
YAOS) 1 CD. ¥ 1% 77 LA A, BS #1 YAOS J& T
FLILIA AIDs, CD J& T2 3£ [5 AIDs.

Table 1 Causal genetic variants of NOD2 that are associated
with autoinflammatory diseases (AIDs). Source: https://infevers.
umai-montpellier. fr/web/. BS: Blau syndrome; YAOS: Yao

syndrome; CD: Crohn's disease

AID  Number
BS 38

Common NOD?2 variant
R334W, R334Q, E383K, E383G, G464W, L469F,
W490L
IVS8™'** R702W
R702W, G908R, 1007fs, R373C, A611A, L348V,
A432V

YAOS 2
CD 85

3.1 NOD25BS

BS J& — P 5= WL BLAE T B8 FE PR BE 14 P 2 i ¢ 14
SN 2 RS 5 AID, £ Blau 7F 1985 4E 15 WX IRIE 1M
34 . BS —MAE4 % TR, AL PRREIR 9 B 4
ST 9 FNVRE A IS 9 —IBCAIE, JEATPE IR, AT RE S U™ H
FHRAE, U0 S5 I FD % B AEH50, BS B YL 44 B
PEIBAE, A5 DLBOR B A0 B, FR Oy BLR PR Z5 15 (early-
onset sarcoidosis, EOS)P". # &K A NOD2, H &
TRIE R AL 8467 T NBD 25 M i 40 B F 4, A6
R334W. R334Q. E383K. E383G. G464W. L469F.
W490L. C495Y. H496L. M513R. M513T. R587C.
T605N HI N670K %52, H H R334W Al R334Q fi7 17 R
A f w5 W, AE 60%~80% (1 & ) Lkl 25, |
AT AR T EUBS BRI oK 58 4 1 B, A0 P A%
Yusz i £ R W BS h NOD2 3 [K 52 35 f& Th g 31 19
(gain-of-function) f1, W] fg /& 1 T- NBD 25 ¥4 35 i J&
NOD2 5 Ak, 1% AL 1) R A T 855 R AL BHE PR, 16
J& MDP ] 8 5k 2 5501 75 7T B0 NF-,B 80E oK &
R 48 M i IR B ST, SR, NOD2™M (6 N
R334Q KAL) RAL ¥ B K /) AR AL F A H L BS &
H A S RE M RE IR, T ELAE BE i vE 5 MDP 5, /) R
B K U5 B W 41 e (bone marrow-derived macrophage,
BMDM) H' NF-xB F MAPK 3 i 135 1k DL &2 7= 4 1L-6
(1 7K 7 285 5 A= /)N B, BMDM W & B AR f il 7
HEK293T 41 Jfd 1) % 4% 52 56 4 L, BS AH X ¥ R314W
ZRAFFNOD2 5 AL 82>, R334W Hl R334Q 58745 F#AIK
MDP 5 I ) NOD2-RIP2 #H H.f F  RIP2 ) ff & A4, 11
2 Z 4 DL NF-,B 34659, [A i, BS H NOD2 % [H %8
A R ORI A — B IR AR TT
3.2 NOD25YAOS

YAOS & — Bl 7 2011 4 47 & 4R 18 11 4= & 1
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AIDP B 4 FR AF NOD2 #H 5% AID (NOD2-associated
autoinflammatory disease, NAID). == Z Iifs PR % I A0 15
JE I 2 s B 6 SO 26 L SR TR AERE S M 1
R S IEIN IR % . A BS, YAOS ¥ 8 1 4E J5
R, BRI, 2 W, T A B AN &
8 [ TVS8™™ AR | %) 20% & & [F] i) 4% 7y TVS8™™ Al
R702W (fi7 F NBD Fl LRR 2 [A] [f] [X 35) HL 5 A 5487,
HoAth 58 A S 7N RE, (H R B FBALSSY. BT
YAOS & —F#Hr i VIR AID, 5% F NOD2 % [H 8745 7F
FORW I VIE AT 0I5 2. AT ARK
B, 7E VS8 NOD2 975 1] YAOS & 3 #h & i 4~ #%
4 M2 (peripheral blood mononuclear cell, PBMC) ',
NOD2 # 5 A W 7+ 8 1 BY 42 JF ok %2 % i, {H p38
MAPK i 14 Fl 1L-6 73 3 7K °F 32 5 i J3E % B (healthy
control, HC) PBMC . # Tt i, IL-6 1% 471 77 #E Bk 5. 911
(tocilizumab) A 2 & 0035 8 1 I PRAE AR o SR 17,
IVS8™**/R702W H1 £ 1k K 42 f] YAOS & % PBMC fE
MDP %1 J& , p-p65 F1 TNF-a 7K “F- % MDP #ill i () HC
PBMC A& F# 1% 1, #2755 YAOS & & ) R702W K48 5
CD &5 1) R702W RAE AL, 72 Ty e sk 2k PE (loss-of-
function) KA, th4h, T IVS8FNOD2 AL Jk ]
HILTE HC H, HEW0 FET B8 2 508 1 st A% 5 KR &=, A7
TE AR FN I BORALE] o
3.3 NOD25CD

CD =& — Mg 1t 2 M PO 28 ik 15 i e, i A8 2
B A, 20T Bl i R i AN AT I 45 %, (H BT 8 %
B 38 &AL, W PRI I  JRS AA% BE Jal 42 1 982
5 . CDJ& T & Z+8 4k 1 AID™, RIs 4 M st AL I &
WE R R RN Rm M E M A R £ 55 . NOD2 &
A RILE CD AH R 1 P, 12 42 85 4 NOD2
SNP 5 CD & %% # 5% (https://infevers.umai-montpellier.
fr/web/). HH, i 1) 42& R702W . G908R Al 1007fs,
ERINZR N R L) & 82% . W 78 KB, A A —Ff
H B TR AN A B CD 1 AU 3G 0 2~ 4 £3%, T 75 45 17
ali G ELE A AR AR SN X R XU 3 B 20~40
fEBON, SR, IX 3 Fh SNP 5 CD I AH 56 1t B A Hh 3 Fi
e 22 S, 70 ] H AR A0 ] 50 0 [ R B PR R
BEA15 CD & AH 1, P268S 1 fE & 53 E CD &
H A AP NOD2 SNP, H. 5 53 1 R 9% 40
AR A J 7 R A

Xf NOD2 K48 5 CD & ¥ i Wt 5t A B T 48 7w
NOD2 7E [y 18 H i FH LA SR N ) B CD F 95 BEATL 1 o
523 R E RS (R702W.G908R Al 1007fs) 5 CD f
KEFR T Zuts, Huarde s 7 JUMALH: — 751,
KA EATAL T LRR 45 M3 N 8t i, fr AN 22 5%

Wi MDP [ 35 51, 7= A2 T g i 2k M R B, A 45 982> b Rz
40 Ml ATG16L1 55 8 Fll [ Wik LA J2 ROS 1 7= A=, 41 il
Paneth 2l ffd H NF-xB i 2 3 6 A1 PT 1 Ak = A2 55, AT
5 U BRI ok 52 RELR G B 5 [ D) RE DRSS 5 3 Ak, NOD2
£ TLR2 i #% 1) 0 45 R 7, B i R SS T iE
E W 40 i F1 DC R X TLR2 (30 il 4F A, S 8IL-12 %5
AR 98 A M BRL 72 AR 48 00, TLR2 A5 Th 280 [ 3 2%
W5 HEAh, NOD2 5 # 1R 40 o %5 = 70 26 0 20 W6 41 i
TN AT AE A A O, TRARXT R Ty RE (1) |l 55 75 ]
233t CD [ R AESY,
4 NOD2{ESEEHNGHIFIM=HR

VAT [ G 2 N SR T R B B S S 5
fE VB IR T A BB RS 2 —, LH NOD2 ' B
FEWOE 5 BUIE 98 40 L IR - 72 AR 38 0 1 22 2% 9% 0E T8 I
AT S 402 ) NOD2 38 2% (1) 410 1) 770 75 9 i G928 1 R i VR I 7
HEAE KB,
4.1 NOD2 N7

223 3 M/ B % A s BT LA ) MDP i S 1)
NOD?2 52 1A 5 J A S Bt )5 145 5 36 4k, 1f 0 RIP2 £ 5
4055 AR I B TE R4, i BB AT /E NOD2 52 8 J2 T R 4%
PRI, S84k &4 [55 %8 Cr(CO), |E & 4] v LAAF 5=
P /> NOD2 £ 5 19 NF-xB 3% 46 F1 28 i [ B, 1 %
TLR2.TLR4 B TNF-a /5[] NF-«B T, BT b2
&R R, WA RS 0 IR T IS R
(structure-activity relationship, SAR), _F iR #fF 75 7E
i Ja /K ST e, F5 B — B AR K ST VR AT
NOD2 FH I 1197 3L o
4.2 RIP2 #HI5
4.2.1 RIP2 HEGEMRAIGIF  RIP2Z2NOD2 {5 5
3 B PR B 431, B TE) RIP2 [0 ) 7510 A& W 90 11 28 47
)1, RIP2 B A T 0 R W i vi% e, TR O 7 20K 1 e 0 170
1) G % S R VA i v M 0 /N - 3 7, B R R e
KB JE . EANTREWHIH RIP2 Y474 W R 10 UL K 41
J ER 7R T8, LI 5 ) S Al T X EGFR A FPY,
A& Je 75 3 MDP 7% 5 1 /)N BRI IR 26 A A o Js
FRAIE 5 2 30 10 284 4000 1) 750) 6 RIP2. f 4100 1) 46 FH B S 5 T
HARR B S T B0, Forh gl g Je A/ i, 1R
11 AL 40056 750 7T FH T ¥4 77 NOD2 i % S5 % 1 Ak S 3 1 4
KR BeAh, ¥4k 59 OD36 Al OD38 1EAR A1 A=
53 A1 R0 40 M 7K P b 2 mT ) RIP2 1) I 22 8 W v
P, [FJ B AT FE AR P Sl P B b A 20000 RIP2 A 3 AR
FHT, p38 4 771 SB203580 7 4 % & 7] LA 101 1] RIP2
B9 1 O 2038 & PE %% (inflammatory bowel diseases,
IBD) Bl A 2419781

SR SR A 1 0 RIP2 () 34 S AN A2, [Tt
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B LT — B Rk 3% PR RIP2 S 41 i 77 GSK 583,
e N HAZ A, GSKS83 REf% 2 3 41 il MDP %5 5 1)
TNF-a 7= 4= (IC,, A 8 nmol-L™"), i %} TLR2. TLR4.
TLR7.IL-1R I TNFR /5 [ 40 i R 7= A= TG 52 o
I A1, GSKS83 ik B o 35 & ik v 5 % 5 s 3 5 L18-
MDP /N BT HL7E IBD 52 i B 5 2H 23 1) 25 44 15
Fr U0, GSKS83 LAV Ak i v 7 X i) TNF-a Al
IL-6 [f) 7= A1, AR 1T, GSK583 X hERG 3 Ji (1) 41 1] LA
F AR 23R BN T3 A 5 M FAE s 3% 259 i I
R, AXAE AT T B 25 . X GSKS583 #HAT 45 i 4k,
THBRJE DA IR IR 1) 55 B 30, HAE CT7 A0 5]\ F 4
5B & ) 5 RIP2 ATP 454 1 4% 1K 52 Al Jj LA
Je 6T NOD2 38 #% [ #1 i) 7 FH I & 38 55, [5] I %5 hERG
T IE 152 B PR AR
4.2.2 [HS RIP2-XIAP B EER BIINFIF 3T 5 ot
FL 7N, RIP2 (3 14 5 NOD2 4 i il i 15 S A 2
5 T 11, GSKS583 44 5 J& Ak v % Je S5 Uk i 40 i) 741
&8 1L BH W RIP2-XTAP A1 H.F H Sk ##l NOD2 5 5 18
), IX AR ARORE T U A SRR NOD2 I8 6 (1) 1 |
J 55 X R P A P O AN B OE AR ST AR MY
XIAP 1 RIP2 455 AL s3I 5 K B, XTAP AR 75
IAP & & ¥ % (baculoviral IAP repeat, BIR) 2 4% 1) 1 45
& (E RIP2 4 i 45 #) 38k N-lobe 1 2-53 22 18] ] loop L=,
Z X IR ATP 454 1148 . 244 loop L (1) R36 Fil/%
R41 4% 5, H 45 & XIAP BIR2 &5 #3811 it 714 11 &
. 17 R36 A1 R4T JE J () Bl P4 B B (basic patch) 7
T GSK583 S5 g 1 ] 71 25 4 RIP2 IR [ 4% R TH 5 .
B3l SAR J&, FF & i CSLP R ¥4k &4, Jt3H: CSLP37
£ ADPGlo | & 7 IC,, >4 16.3 nmol-L™', H.7E NOD2 i
A B 240 LR sh R TR e 34 B s HE I S A R A
4.3 TAPHIHIFI

EAT R8N NKIAPs K IEE AW &, K
XIAP.cIAPI fl cIAP2 AJ 7Z Z AL RIP2, ‘A3 & A 34
BIR %5 #4J18, . %5 1 XIAP.cIAP1 Al cIAP2 7] [ &A1
55 RIP2 [ AH ELAE A, TR 2 #00 NOD2 i 8% 1) 55 — A4~
FME o TAPs fie 1% [ Wr 40 fa 08 1=, JLH0 ) 5504 S e o 9
25 75 0 W 9T, W LCL161 . AT-406 . birinapant . APG-
1387 ASTX660 F1 UC-112 %5, #B4> 2L#E N LA A i&
JSEE PR I PG R 36 B B o LI S 245 4 34 A2 72 TAP $1
7, 38 5 XIAP.cIAP1 Al cIAP2 ff) BIR3 45 #4545 &
80 % [FI 5 XIAP [ BIR2 F1 BIR3 &5 38 45 &, M T 417
HIHGEYE . SR 5 cIAP1 AT cIAP2 /) BIR3 45 My 45 &
AR E AT E AR, IF 5 R B RS SUNIES
NF-«B I8 B30, 72 AR #AEHT. 1Ak, 5T XIAP
Xf NOD2 15 5 56 5 (1) 06 7 1%, L 22 XIAP L BIR2 &5 1)

W, 5 RIP2 45 &, BIR2 i £ 1% XIAP I il 77 42 BH W
NOD2 {5 5 @ i (5 78 5 £, Andrew ¥R A2 7
T 2 B IR IR VG P SORN R 5 RS 2R BIR2 i
Pk TAP 1 #7) . Goncharov Z5P87E 3L 1l F % 30,
BIR2 ¥ # 4 XIAP #1175 XB2m49.XB2m54 . XB2d89
AJ LA Bt XTAP F1 RIP2 (1) AH B A FH, FF 75 4 B 7K~ 4
il MDP B¢ L18-MDP 5 ‘T [#] RIP2 iz % 14, NF-xB.JNK
F1 p38 3 Ak LA K AR 96 41 B ERL 7 1 7= A=, T FLXS 40 PR v
71.cIAP1 £ 5E 1 % AR 48 #L NF-B i@ % 5 . BLAk,
EATAE NOD2 JiE AL [ B A5 B vh 7R i 15 W 3 97 k. 42
7~ 1 BIR2 1 £ XTAP #1751 7 NOD2 AH 2% 4 PE %
I IR YT I RE
5 PESRE

NOD2 /3501 41 B PGN A4 S 3815 =, 3805 % 4%
JENE G 8 T P, ST HCPT RS 1 | 98 5 14 0 A0 4 Fp L A4
e BR ) B B[ % 24k . NOD2 2[R 9378 5 BS.
YAOS H1 CD 45 3 fift AIDs % Y # 5%; 1) NOD2 [l A1 24
Bos SEUR RAME T2, 252 MWK EKR
Ji& . BARITAEXT NOD2 [ 7e BUfS ik Jig, #7n 17— 4%
T NOD2 {5 5 @ B [ Ll Al oy 7, A R B IR 2 ¢
I ROy A AR e, A A R P B A I AR L A R
S 308 % (10 A LA D A 3 R 2 R i DML L A
Th 6 2% I JE R 3 0 R AR B AL S AR 2 A 0 o)
NOD2 T A 52 el HLAA s S5 i AL P i B e D se 55 . b
I i PR A A R T RS SR Bt TR B AT K R
RURIVR T 9 0E S e PRI 1) 77 1

TEB ik M ERIH A T LR BRI S5 i3 fr
T EBG R A TUES BRI 5 EB

FIEE e T A EE NEER G TR
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