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Escape mechanisms of pathogen mediated by pattern-recognition receptors
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Abstract: Innate immunity can clear the pathogen through the recognition of pathogen-associated molecular pattern

recognition receptors (PRRs). But, in the long-time evolutionary process, many pathogens have developed some

protective mechanisms to escape the killing of innate immunity. Here, we reviewed the research progress on escape

mechanisms of pathogens mediated by PRRs, in order to benefit the control and prevention of diseases.
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52 /& (pattern-recognition receptors, PRRs) 1 1] J Ji
FHRAr T 1550 (pathogen-associated molecular patterns,
PAMPs)", SRJGEGE TS 5@, FSRERT
AT B THRRIRIE , WU R IR a2 B2 5 A
AR AR 2R 40 . (dendritic cells, DCs), #EiM &
BNIRASE e 2 B X — R AL A T 3
JRAAR ) NAR TR G R 4% T BBEAE . IRIE 2R 0 &5
FRE S, PRRs 7] LA A Toll FESZ4A (Toll-like receptor,
TLR). RIG-I (retinoic acid-inducible gene-I protein,
RIG-I) FE5244 . NOD F£5244 (nucleotide oligomerization
domain-like receptor, NLR) %5,
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W EAR, Hag, RS, 20
AP EA B SRR RS, A% PRRs

RGN
1 PRRs/ M FHIME G &%
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21 MR B PAMPs £ 45 /15 22 4 (lipopolysaccharides,
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W RIERENER . W TR B (Helicobacter
pylori). RN AL E (Porphyromonas gingivalis)
FWE i %2 [ & (Legionella pneumophila) 6 W 8 i &
ifi LPS 3k ¥ 3% TLR4 {9 31 51 . & %% BB /K% 7%
(Yersinia pestis) 1 37°C LKk ] LPS ik TLR4 {5 5
R s P, S il B (Campylobacter
Jejuni) B TS ERT T ANM B AR /R 4& (Bartonella
bacilliformis) §¢ 77 4= A4 TLRS 182 5] {1 ¥ B & G
S T 16 TBEAIL A 1) S 2 W AR o
112 wHIELE

PRRs 1H71] PAMPs J5, J#id TIR (TolVinterleukin-1
receptor) 45 4 A5 1 SR B 1 BRI 7 AR AR 26 1
Ko (Ha2, A2 EAA R A5 TIR AHALE) 454,
an 99 Ji B 1) Teps (TIR-domain containing proteins),
Al F Pt TLR A5 5 ik 42, AT 4 i) NF-xB 1) 305 o
H 7 & WARE A B K0 T T8 (Salmonella enteritidis)
1 TIpA. A& K H (Brucella melitensis) 1) TcpB+ R
TEEUW K (Uropathogenic E. coli, UPEC) )
TepC LA 438 3] & BR 1 (Staphylococcus aureus) F)
SaTlp " & . 4% {107 % BR 1A (¥ 8 B0 S5 28 1 (staphy-
lococcal superantigen-like protein, SSL) 1 figif i SSL3
55 TLR2 354+, MM F il TLR2 /-] IL-8 (1774 1,
113 i I T

Y TR T8 4y Wb g DR 7 oR R Y 1 3 4 i ) g
R HR R ERGMELE RS —. EHKE
(Shigellay. V)11 F1HR 2R #x 16 55 i 38 500 1 1) 111
W R4 (type 111 secreting system, T3SS) B84 &
JIRFizik 2N 4n i, PO ThRe. a0 R
HEZR AR B Yop N 8 H 2 — MRz R, RefE
H-T TRAF6 #l TRAF3, W] 43541 NF-«xB/MAPK
(mitogen-activated protein kinase) Al IRF (IFN regulatory
factor) 15 5 i&12. Yop & HWAEN—Fh LB H R G
&4 MAPK6 A1 IxB kinase p (IKKP) 353 i 742 rh 4
JE AL, BHIEBERR LA FUHE S . SR IRE R
R OspG & AR 52 #4561 (W5 IkB
MR rmE ) 454, FHiE NF-xB HFItZEAL. H4b, HR
IRARE IV PR BOE TLR2 {5 5 %427 4 IL-10,
BRPRIENE . FFE, iR (S ophi) 1)
Vi HUJFE REAE /D R R HE S iR DR, (2 k4 e
I H. HTAT BUm 38 2OE 1 SR AL VD TR AR
IE Vigul, BrCAEN, Vi PR ARG RV T
FERAGFEIL 1T (S. typhimurium) FU5 A R ) R &
Zz— Y, INF RiE£&LEFNIA A Sfae. diiustr:
A9 SE ) BB R 4. T 8 W R VE E. coli (entero-

pathogenic Escherichia coli, EPEC) T3SS %% T NleB
Be % F 1 15 -E 40 i 7 NF-xB {5 5 1& 12 1 TNF-o i75
SR Y, DOkB RN S BAh, G
Fi B (Mycobacterium tuberculosis) 1t) ESAT6 A1 CFP10
HEETHL LPS % S 1M 5@ .
1.2 FINLRsESERE

NOD #£ 52 /& (NOD-like receptors, NLRs) 17 7E
Fauf A N, ReE IR A TS I B A
HOF AR SRRy U, A, NLRs 76 58 i Y
YT B EEE Y, EE, B H e
23855 NLRs /-S04 5 (K119,
1.2.1 %ZFPAMPs

IO T3SS1 B A S E AR, — B4f
IENAAR S, 3 EARKEE T3SS2 244 1 K 15
UM Thfe, A HAELHM N AATG . Pred Al Ssal 731l /2
YOI TB T3SS1 AT T3SS2 KL A rod I, Hi&
1£ NLRC4 (NLR family, CARD domain containing 4)
e iR 00 () B pit 1 28 ZE R AN [] . NLRC4 4% 4 44
Ae U Pred, TANURA Ssal, Ui BHVD T BRG0P A
TR I R (1A A SR R g G R T

8 IRE B (Shigella flexneri) ) LPS BEI0E K
RAENE . SRAMEFRNER R LPS AL, b
AN B4 LPS (iLPS) ZH % ( anfig2 A Fidpls
X35 ) KA AR, ILPS 3 M2 i A 98 1 AR 3
(#) TL-1B FRIBETRCRE J B A 7,
1.2.2  [R{EPAMPs{IFRIA

V01T B HE R 2R I RE IO ELR 4 i N NLRC4 4
PEARAE S, (Hi2, YT TmwLE4H M PN AT i P
MBS AMERIE, Cliki NLRC4 %8 MR = i %
Fi S G i U,
1.2.3 TR MEAARE

IO E G B 40t B8 0 NLRC4 & 1R AK
E¥b 1 fEiE T T3SS1 R NLRC4 1Rk, 5
A, PTG i T Yap B O BERR 10, (et
Yap 5 15 Hek & [ 19 B.AE, FH A5 NLRC4 193
WP, SR EATE L ) FTT0584 R FTT0748 3 1A
ZENZ ) WOFF I B zmpl (zine metalloprotease 1) &
S5 B 2 8 B M A o AR 2 AR PR v £ B

BV LM 5 (Vibrio parahemolyticus) 1) 4h
HH VopQ Al VopS HE& 1] NLRC4 % 4 {4 g it
ASC B 55 (speck) TE . VopQ At iS5 B MEAH LK)
FIE, 3X 0] Be 2 ) 2 PR A — N R K . VopS
AE 25 A F KOG IR PE Cded2, M 47| NLRC4 %8
KRN SRS
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Measles virus (V protein)
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NLRs or

o

L. pneumophila (VopQ, Vops)
(sdha) — 4

F. tularensis

(MViN, RipA) gy

J Pro-caspase-1 _[
- |

PYHIN proteins [ B % ) _ﬂ
ASC

V. parahaemolyticus

Y. pseudotuberculosis
(YopM)

Poxviruses
(serpin homologs)

/‘ o \f
¥

Active
caspase-1

. Mature IL-1B, IL-18

|

Y. pseudotuberculosis
(YopK)

=

M. tuberculosis/BCG (Zmp1)
Y. enterocolitica (YopE, YopT)
P. aeruginosa (ExoU, ExoS)

Bl mREBHEFFREEFRE"

HRZR AR R0 3 1 YopK. YopE. YopM Al YopT
] 1) 28 AR ) I Ak R P 1Y caspase-1 K At
PEFRRFEPESE TS (pyroptosis), XA BT 41 i 0 i A7
P B, REEZEL R AR (Y pseudotuberculosis)
AN 1 YopK % T T3SS sp I I/ER, LA 15 ¥
E 8 H 5 PAMPs (1413, AT ] 7 NLRC4 A
NLRP3 & MEARAEA . YopM tHfE H 445 & caspase-1,
BEL 1 s . 45 1 28 HR /R #R B (Y. enterocolitica) 1]
T3SS 43 # ) YopE 1 YopT £ H L EEHI 1| caspase-1
gtk 1o

B 31 R B 18 (Pseudomonas aeruginosa) rhsT
HE PRI 9 % 1) B R AE S AL R4, (B ILRON B M Ak
(exoenzyme, Exo) ExoS 1 ExoU 1 5E#5 411 NLRC4
AR s 1.

T F A AV 22 6 (Francisella tularensis) %5
B A FTL_0325 RE4HI R M4 (E 5k
1.3 FIDNAZKESIER

WE i 2 [ 1181 IVB 2 33 % 45 Dot/lem (defective
organelle trafficking/intracellular multiplica-tion) 4~
RO EE ARG BT, R AR B R TR i L
(succinate dehydrogenase, Sdh) A fE i i #) #1] 41

DNA B i 22 48 B 53 o ok 40 i AIM2 %8 14 14 &
o WO BB AP 22 B 1) /N B 7 771K F (mouse virulence,
mvi) N 5 Py & ]2 75 K (required for intracellular
proliferation factor, rip) A 8 1] g8 #1 #1] 41 5 DNA
e,

2 PRRsM SRS RELIER

2.1 FHTLRsESBIK

TLRs 5 3 {5 5 & 12 = 24 NF-xB. MAPK
AMVIRF, FIpY# FEFE PR R VERE, 1M IRF 4%
¥ TFN (774
2.1 FHAR RN

REE A 2 M T PR RSOV B 4L,
I T HRTE 4R NF-xB Al IRF 253 5@ %, 17
e 9 M R0 TEN [ A ™ i (poxviruses)
[ A46R I A52R fefE A T 15 & 41 i () MyD88
F1 TRIF %5 () TLR 45 #4948, #01#] TLR fI IL-1R 5
S/ NF-xB 3% 4k 2%, K R FEA Co fesdt
# TBK-1 455 1, # IRF3 1 IRF7 s 7,
PR 2% 5% -1 (herpes simplex virus-1, HSV-1) J&
YUl 2 [ 0 (infected-cell protein 0, ICPO) ff] RING
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ZERIE, | IRF3 A1 IRF7 15 538 B8 /v 51 TFN 7l
W TR (35 Ak B DRI 3E A i 4495 BF (respiratory
syncytial virus, RSV) ] NS1/2 & 1 8¢ T-#t TBK1
S IRF3 (R AL Y, TMIRRIZ 535 (measles virus)
BEFH 1L IRF7 (OBERRIL B0 76 MARC-145 41 f4 41
SEIG R B, JE B 5 R W 2% B AiE 9% B (porcine
reproductive and respiratory syndrome virus, PRRSV)
Refe it IRF3 [RERRA, FFHUSSHuE IFN-B 531
{HIE, f A BG4k 48, IFN Ja3 30+ BiE PEAR P il ,
X /& PRRSV i id i /> IRF3 £ [ 1) 3 3K F1 4 il
IRF3 [ ER b i sE g B9,

212 FHRmRNAF 5 i 5

e 2 B TR 2 4% R FF0 TFN /) mRNA
Ja He SRR AL A Y. kit D 4% 7 (vesicular
stomatitis virus, VSV) M & [ fig FH 1 4w i TFN-a/B 1)
mRNA MAZ E i 2% o AT 4% TFN 208 B2,
HSV-1 ) 5 #1 & (1 ICP4 F1 ICP27 n A T4 % 1 [A]
T mRNA [)ERGEER, ] 7 72 40 M 8 5
ME e, BRI, BT 6 AU E R B,

2.2 FHRLRs{ESi@EK

RIG-1 fil MADS J& IFN ] i 3 1 RNA 15 jig
BitF, 7E R 3 B 5 R ) RNA 57 T R 5 T EEAER.
dsRNA 8f 5'- =% RNA 5 RIG-1 #5214 (RIG-I-like
receptors, RLRs) [ C- ¥4, L RNA 2 e il
#7HE A IPS-1 (IFN-B promoter stimulator 1) f)) CARD-
CARD FAEJEAAE Tl %, 24 T3 IFN kA
SHUREERNE Y,

ERHI A R b, R O A etk
ZALEI A5 BT B4, PRRSV BEHH IPS-1 /)
WE, PHAS(S 5 A RN iEEE S, i IFN-B =4 B,
75 B4 BT 4 9% B (hepatitis C virus, HCV) ff NS3/4 #2
AR AL B L 17) RIG-1 {5 5 18 #% (1) IPS-1 7r 7, [
1k M N ) dsRNA % S 1AL IFN 77 48 P4, sk
Jpi BF (influenza virus) NS1 & [ 7] H # 5 RIG-1 f
IPS-1 HAE, MmMs] IRF3 Fiffs Sk . ik
PIWFFE R, IFN {5 5@ thiz = Az = FE B I 2
RARGZEE TR E LSRR ; (AR, HEREER
I8 W 7z R IB AR PO R R R A, R
s B R IR U B DB I B AL, o O e R
(foot and mouth disease virus) [ Al 5 £& [ i (leader
proteinase) HEf# RIG-I. TBK1. TRAF6 fl RRAF3 2
2 EAk, ] IFN Fl NF-«B [ ¥,

2.3 FIENLRs{ESIERE
KT RAEARAT 5 U757 1) 4RE R AE TR T G 78

T R ORI, A0 B AR ) A A 22 R
R A 7 S ACL ) 2R B BRI A SR B 4 B R
ZABY) (cytokine response modifier, CrmA) BE 11l
caspase-1 [KfEALIE T U4,

FAk, AL B B BRSPS AR AL
WRIBBT RRE A IR 2 5 (Kaposi’s sarcoma-associated
herpesvirus, KSHV) JF i[5 4 Orf63 £ 1 (NLRP1
FA, wk/b CARD 27 ) 5 A NLRP1 Al NLRP3
HAE, kAR EE Y. BB E V EAR
] NLRP3 % PR B0 . Zh00% % & (myxoma
virus) F1 Shope £f-4EJ%J#% #5 (shope fibroma virus, SFV)
43 93 72 45 1) POP (PYRIN domain-only protein) ¥ £
F1 MO13 1 gpO13L R ASC &84, T &Mk
o 2% [16,47-48]( 13 1.

S, i R AT s  $E PRRs B A ML >Rk
WML G B, (R, H#E— 20 8] PRRs /)
SR A (R B IR ATL A, HF SR A DB (1) 4% ) R i
By b BT BB ATV, IR AU S TR TR
(RIIF FT 438

(& % X #i

[1]  Sasai M, Yamamoto M. Pathogen recognition receptors:
ligands and signaling pathways by Toll-like receptors. Int
Rev Immunol, 2013, 32(2): 116-33

[2] Diacovich L, Gorvel JP. Bacterial manipulation of innate
immunity to promote infection. Nat Rev Microbiol, 2010,
8(2): 117-28

[3] Vladimer G, Marty-Roix R, Ghosh S, et al. Inflammasomes
and host defenses against bacterial infections. Curr Opin
Microbiol, 2013, 16(1): 23-31

[4] Mogensen TH. Pathogen recognition and inflammatory
signaling in innate immune defenses. Clin Microbiol Rev,
2009, 22(2): 240-73

[5] Kumar Y, Valdivia RH. Leading a sheltered life:
intracellular pathogens and maintenance of vacuolar
compartments. Cell Host Microbe, 2009, 5(6): 593-601

[6] Johannessen M, Askarian F, Sangvik M. Bacterial
interference with canonical NF-«kB signaling. Microbiology,
2013, 159(Pt 10): 2001-13

[7] Patterson NJ, Werling D. To con protection: TIR-domain
containing proteins (Tcp) and innate immune evasion. Vet
Immunol Immunopathol, 2013, 155(3): 147-54

[8] Li S, Zhang L, Yao Q, et al. Pathogen blocks host death
receptor signalling by arginine GlcNAcylation of death
domains. Nature, 2013, 501(7466): 242-6

[91 Ganguly N, Giang PH, Gupta C, et al. Mycobacterium
tuberculosis secretory proteins CFP-10, ESAT-6 and the
CFP10: ESAT6 complex inhibit lipopolysaccharide-
induced NF-xB transactivation by downregulation of
reactive oxidative species (ROS) production. Immunol
Cell Biol, 2008, 86(1): 98-106



916

G gEEd

6%

[10]

(18]

[19]

[20]

[22]

[23]

[25]

[26]

Monie TP, Bryant CE, Gay NJ. Activating immunity:
lessons from the TLRs and NLRs. Trends Biochem Sci,
2009, 34(11): 553-61

Miao EA, Alpuche-Aranda CM, Dors M, et al.
Cytoplasmic flagellin activates caspase-1 and secretion of
interleukin 1P via Ipaf. Nat Immunol, 2006, 7(6): 569-75
Franchi L, Amer A, Body-Malapel M, et al. Cytosolic
flagellin requires Ipaf for activation of caspase-1 and
interleukin 1B in Salmonella-infected macrophages. Nat
Immunol, 2006, 7(6): 576-82

Zhao Y, Yang J, Shi J, et al. The NLRC4 inflammasome
receptors for bacterial flagellin and type III secretion
apparatus. Nature, 2011, 477(7366): 596-600

Becker CE, O’Neill LAJ. Inflammasomes in inflammatory
disorders: the role of TLRs and their interactions with
NLRs. Semin Immunopathol, 2007, 29(3): 239-48

Shaw MH, Reimer T, Kim YG, et al. NOD-like receptors
(NLRs): bona fide intracellular microbial sensors. Curr
Opin Immunol, 2008, 20(4): 377-82

Higa N, Toma C, Nohara T, et al. Lose the battle to win
the war: bacterial strategies for evading host inflammasome
activation. Trends Microbiol, 2013, 21(7): 342-9

Miao EA, Mao DP, Yudkovsky N, et al. Innate immune
detection of the type III secretion apparatus through the
NLRC4 inflammasome. Proc Natl Acad Sci USA, 2010,
107(7): 3076-80

Miao EA, Rajan JV. Salmonella and caspase-1: a complex
interplay of detection and evasion. Front Microbiol, 2011,
2(85): 1-6

Moltke J, Trinidad NJ, Moayeri M, et al. Rapid induction
of inflammatory lipid mediators by the inflammasome in
vivo. Nature, 2012, 490(7418): 107-11

Paciello I, Silipo A, Lembo-Fazio L, et al. Intracellular
Shigella remodels its LPS to dampen the innate immune
recognition and evade inflammasome activation. Proc Natl
Acad Sci USA, 2013, 110(46): E4345-54

Perez-Lopez A, Rosales-Reyes R, Alpuche-Aranda CM, et
al. Salmonella downregulates nod-like receptor family
CARD domain containing protein 4 expression to promote
its survival in B cells by preventing inflammasome
activation and cell death. J Immunol, 2013, 190(3): 1201-9
Rosales-Reyes R, Perez-Lopez A, Sanchez-Gomez C, et
al. Salmonella infects B cells by macropinocytosis and
formation of spacious phagosomes but does not induce
pyroptosis in favor of its survival. Microb Pathogenesis,
2012, 52(6): 367-74

Weiss DS, Brotcke A, Henry T, et al. In vivo negative
selection screen identifies genes required for Francisella
virulence. Proc Natl Acad Sci USA, 2007, 104(14): 6037-
42

Master SS, Rampini SK, Davis AS, et al. Mycobacterium
tuberculosis prevents inflammasome activation. Cell Host
Microbe, 2008, 3(4): 224-32

Cunha LD, Zamboni DS. Subversion of inflammasome
activation and pyroptosis by pathogenic bacteria. Front
Cell Infect Microbiol, 2013, 3: 76

Bowie A, Kiss-Toth E, Symons JA, et al. A46R and A52R

(28]

[30]

[33]

[36]

[39]

from vaccinia virus are antagonists of host IL-1 and toll-
like receptor signaling. Proc Natl Acad Sci USA, 2000,
97(18): 10162-7

Stack J, Haga IR, Schroder M, et al. Vaccinia virus protein
A46R targets multiple Toll-like-interleukin-1 receptor
adaptors and contributes to virulence. J Exp Med, 2005,
201(6): 1007-18

Lysakova-Devine T, Keogh B, Harrington B, et al. Viral
inhibitory peptide of TLR4, a peptide derived from
vaccinia protein A46, specifically inhibits TLR4 by
directly targeting MyD88 adaptor-like and TRIF-related
adaptor molecule. J Immunol, 2010, 185(7): 4261-71
Unterholzner L, Sumner PP, Baran M, et al. Vaccinia virus
protein C6 is a virulence factor that binds TBK-1 adaptor
proteins and inhibits activation of IRF3 and IRF7. PLoS
Pathog, 2011, 7(9): 1002247

Lin R, Noyce RS, Collins SE, et al. The herpes simplex
virus ICPO RING finger domain inhibits IRF3- and IRF7-
mediated activation of interferon-stimulated genes. J
Virol, 2004, 78(4): 1675-84

Goswami R, Majumdar T, Dhar J, et al. Viral degradasome
hijacks mitochondria to suppress innate immunity. Cell
Res, 2013, 23(8): 1025-42

Yamaguchi M, Kitagawa Y, Zhou M, et al. An anti-
interferon activity shared by paramyxovirus C proteins:
inhibition of Toll-like receptor 7/9-dependent o interferon
induction. FEBS Lett, 2014, 588(1): 28-34

Shi, X, Wang L, Zhi Y, et al. Porcine reproductive and
respiratory syndrome virus (PRRSV) could be sensed by
professional B interferon-producing system and had
mechanisms to inhibit this action in MARC-145 cells.
Virus Res, 2010, 153(1): 151-6

Sagong M, Lee C. Porcine reproductive and respiratory
syndrome virus nucleocapsid protein modulates
interferon-p production by inhibiting IRF3 activation in
immortalized porcine alveolar macrophages. Arch Virol,
2011, 156(12): 2187-95

Kuss SK, Mata MA, Zhang L, et al. Nuclear imprisonment:
viral strategies to arrest host mRNA nuclear export.
Viruses, 2013, 5(7): 1824-49

Mogensen TH, Melchjorsen J, Malmgaard L, et al.
Suppression of proinflammatory cytokine expression by
herpes simplex virus type 1. J Virol, 2004, 78(11): 5883-
90

Zinzula L, Tramontano E. Strategies of highly pathogenic
RNA viruses to block dsRNA detection by RIG-I-like
receptors: hide, mask, hit. Antivir Res, 2013, 100(3): 615-
35

Luo R, Xiao S, Jiang Y, et al. Porcine reproductive and
respiratory syndrome virus (PRRSV) suppresses
interferon-p production by interfering with the RIG-I
signaling pathway. Mol Immunol, 2008, 45(10): 2839-46
Li K, Foy E, Ferreon JC, et al. Immune evasion by
hepatitis C virus NS3/4A protease-mediated cleavage of
the Toll-like receptor 3 adaptor protein TRIF. Proc Natl
Acad Sci USA, 2005, 102(8): 2992-7

Meylan E, Curran J, Hofmann K, et al. Cardif is an



oM

BUER, S BRI S2 1A T 09 B S e b 1%

917

adaptor protein in the RIG-I antiviral pathway and is
targeted by hepatitis C virus. Nature, 2005, 437(7062):
1167-72

Ahlen G, Derk E, Weiland M, et al. Cleavage of the IPS-1/
Cardif/MAVS/VISA does not inhibit T cell-mediated
elimination of hepatitis C virus non-structural 3/4A-expressing
hepatocytes. Gut, 2009, 58(4): 560-9

Wu X, Qi X, Qu B, et al. Evasion of antiviral immunity
through sequestering of TBK1/IKKg/IRF3 into viral
inclusion bodies. J Virol, 2014, 88(6): 3067-76

Rajsbaum R, Garcia-Sastre A. Viral evasion mechanisms
of early antiviral responses involving regulation of
ubiquitin pathways. Trends Microbiol, 2013, 21(8): 421-9

Best SM. Viral subversion of apoptotic enzymes: escape

from death row. Annu Rev Microbiol, 2008, 62: 171-92
Gregory SM, Davis BK, West JA, et al. Discovery of a
viral NLR homolog that inhibits the inflammasome.
Science, 2011, 331(6015): 330-4

Komune N, Ichinohe T, Ito M, et al. Measles virus V
protein inhibits NLRP3 inflammasome- mediated
interleukin-1f secretion. J Virol, 2011, 85(24): 13019-26
Johnston JB, Barrett JW, Nazarian SH, et al. A poxvirus-
encoded pyrin domain protein interacts with ASC-1 to
inhibit host inflammatory and apoptotic responses to
infection. Immunity, 2005, 23(6): 587-98

Dorfleutner A, Talbott SJ, Bryan NB, et al. A Shope
Fibroma virus PYRIN-only protein modulates the host
immune response. Virus Genes, 2007, 35(3): 685-94



