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ER RS e S ERI R R
HESY/ Y-
(B RSB, K7D 410082)

WE  ARLAZARBETREREARLNE —EHR. ERMT—ARZLE —HEX
1R 7 % AR (pattern recognition receptors, PRRs), =T #&9ja BARAR X 4 T AE X An i 48 K o FAEXAZ
5. MR T B ZPRRsEZ LA 2 — 3@ iT 75 0 A SRILI 69 4% BR 5 3 % AP K E am 0 1B T4 =
A, AT 5 S SRR VA R AP AR RAR R e 09 £ AR R R, XA B L R G AP g 69 K.
TS RIRE L BB K A AT T 52K,

KBEIA RRIRERZ AR W JEARAH OG0 TR S S iR

Relationship between Nucleic Acid Sensing Pattern Recognition

Receptors and Tumor

QIU Siyuan, YE Mao*
(College of Biology, Hunan University, Changsha 410082, China)

Abstract

gen. It depends on a kind of receptors called PRRs (pattern recognition receptors), which recognizes pathogen-asso-

The innate immune system is one of the first and most important lines of defense against patho-

ciated molecular patterns or damage-associated molecular patterns. Nucleic acid sensing pattern-recognition recep-
tors are one of the major subsets of PRRs, which can induce the production of pro-inflammatory cytokine to trigger
immunity activation by perceiving extracellular or intracellular nucleic acid, thereby protecting the host from being
infected by the pathogen. Recent researches show that nucleic acid sensing pattern recognition receptors participate
in progress and occurrence of tumor. This review focuses on the current knowledge about the relationship between
nucleic acid sensing pattern recognition receptors and tumor.

Keywords nucleic acid receptors; pathogen-associated molecular patterns; immunity reaction; tumor

e R RGP it AR SR AR B G 5 — i
Brsk. BT — MRz g, FONBR IR 2 44 (pat-
tern recognition receptors, PRRs), # F -4 Il 75 Ji 44
AH 2437155 3 (pathogen-associated molecular patterns,
PAMPs) F145 473 #H ¢ 43 - 15 2 (damage-associated mo-
lecular patterns, DAMPs){5 51, 516 K 4 2 41 Bt 1 )5
JBE. PSRN A A E 2 FHPRRs® . PRRsIf T IR 1)

Wik 393 2019-12-02

152 H91: 2020-03-25

PAMPsEUDAMPs, Jf-28 [Jj— R 5IE 5 R, T
% PRI 8 20 i DRI - (%) 77 AR, DT B0 B % 48 i D £
PR B A B G 7 3P

PRRsF: ZE B 7 — I R% R I 52 48 42 ot R e g%
() 2o, 32D Re 2 kI i Y B A DN AR
RNAM, H5IRNAFPRRs 45 i 73 TollFf: 52 {4 (Toll-
like receptors, TLRs). RIG-IFE524& (RIG-I like recep-
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Table 1 Relationship between some important nucleic acid sensing pattern-recognition receptors and tumors

eV H K (RN I R AL 2R

Family Name Ligand Tumor tissue with high expression

TLRs TLR3 Virus dsRNA Glioma, renal clear cell cancer, pancreatic cancer, gastric carci-
TLR7/8 Virus ssRNA noma, testis tumor, breast cancer, thymoma, non-small cell lung
TLR9 Unmethylated DNA from bacteria and carcinoma

viruses

RLRs RIG-I Long dsRNA Pancreatic cancer, prostate cancer, squamous cell carcinoma

MDAS Short dsSRNA of the head and neck, gastric carcinoma, glioblastoma, breast
cancer

ALRs AIM2 dsDNA Cervical cancer, lung squamous cell carcinoma, non-small cell
IFI16 dsDNA lung carcinoma, melanoma, liver cancer
cGAS dsDNA Colon cancer, gastric carcinoma, glioblastoma, breast cancer,

lung cancer, endometrial carcinoma

tors, RLRs)P L Ap62°. 15| DNAFJPRRsELFETLRY.
c¢GAS-STING(cGAMP synthase-stimulator of interferon
genes)+ ALRs(AIM2-like receptors). DDX(DExD/H-box)
HEMKu70™ e DL S 5 R E 2 s 5 7
ATETIER . BT B E R T, g 0
AEVZAE L P 2 R B AR DR LS, AR R, X
LR AR S SR A K, ASCH& LRI
as IR IR RHAT T AR GR .

1 TollHF {4

TLRs/& — R 7ERE AL b OR 57 ROIAL S RO 2 1,
PP B S0 i R B A 5 IR IPAMPIY B & & IR
B M ANV I G R B, B I R A T (S S e
S BT B9 A TIR(Toll/IL-1 receptor homology)fi 5 45
Pl 10, TLRsYE N2E 10N 51 (TLR1~TLR10),
N 124N(TLRI-TLR12)', TLRsAg % i1 5 i
PAMPELEMRZE, IR A, A LA . FUw
AN AR A A 2 M AE YRR IR . b, TLR3RE
% 1755 BUEERNA, TLR7AITLRSAE % 15 il B HERNA,
TLR13HE W 11 5l 41 B 1% B AARNA, TLROAE 5 11 1l H
HEDNAH A& H % Ak 1CpGIF 41", TLR3. TLR7HI
TLROTE i EORAS T AL T N BT M, 72 3 Bl A4 v S5 S
Es& 5, KA R R B R A T s
TLR7/8FTLROH: U )5, % HEMYD88(myeloid dif-
ferentiation primary response protein 88)¥i% T JifNF-
kB(nuclear factor kappa-B) #1 IRF7(interferon regula-
tory factor 7)1Fi% , TLR3Mi# ik TRIF(TIR-domain
containing adaptor protein inducing IFN-B)f{ i £ i& 1%
PAHNFE-«BAIRF7, M TR O 40 3% DA K HAth 28

i R0

TLRs) {2 7040 T B MO AN b i 4 iy, 76 2 Fh
iR Rt R0, ) 2 B VR 4 2 R 1V AR K AR T
RAEo 5L RN e s v, bR V2 6 T R S
5 21 ffo () TLR3 3 15 5 PD-1(programmed cell death
protein 1)EA AP, TLR3TE G4l i b 1) kil
FLE 23 40 A b R K 2 08 23 T8 B — Fh B 228 0 k1 2R
B, 15 g TS AN )OS, R, TLR37E 8 Al
e ISV =8 IV (SRR RS E | N4t )
e TR (P 4B A o

0 g Bl T R AR D, TR T R T B R R D,
i = G g R, A DAIG 51 A2 08 1) 2 20 IR I,
P2 5 B I — SRR s U IRl T B
Z G R, A8 G 1) G 2 A A R ) RN L 2K g
Jo Ak, DR, i 8 B V6 T AR AE — 5E k. TLRs
TE WA il I Ak g 8 i g > (1) 3ok i v 90y i 36
B . TLROE 1 1R 1 i J88 ¢ 5 DN A 32 i 8
R SOIRA M AR R IR LSRR, 2 G
FEMREREE Py, I S SR 20 A S iR 4 S M CD S
CTLs(cytotoxic T lymphocytes), CTLs#™ #{ 2 it &
T A A R A R, AT VA e R A A e i
JRUT B TR PP A R T TLRs 0 Sk S B,
PRt 22 FRTLR #3071 O 4 25 T g va o7, (A&
Al ARIR S 45 RAIASBLARDS, SX Al 5 TLRs/E A A
Y rh Rk AR AE 2 A . (ER IR, TLR7/8
FEE R i 0K, TTE bRz AR A ZRIE A X 0, 1%
HFSTLR7/8 % 1% 1 2 7R 848 TE A &1 Fl 4k iy Xof it it
JE AN RKXPxCx FC1242#845 F5 AR U (4 il 76 A,
MATFC11999% A B wAE A,
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BB AN A R TLRSTE il R b o S AR 5 5 4%
IR, MR MR AL BL T K T TLRsH)
WL T T iR B

2 RIG-I#5{43

RLRs/& — % 5IDExD/H-box RNAfi# Ji fiff, i ik
WEURE ERNA, K JE B0 3 e M AP H b,
RLRsZ i CL & B3 71 : RIG-I(retinoic acid inducible
gene-1, X FKNDDX58). MDA5(melanoma differentia-
tion-associated gene 5, M FKANIFIH1). LGP2(laboratory
of genetics and physiology 2, X # NDHX58). iX3FfH
H e M ARG BT Y, B R —E W EE M, 2R
A 11"DExXD/H-box RNAfif Jiig fiff 45 ¥ 35k (DExD/H-box
RNA helicase domain)Fl 14~ C-Jif &5 #4135 (C-terminal
domain, CTD). 1, RIG-IFIMADS [{IN-¥ii i 52
caspaseli ¥ F 53 42 45 H4) d(caspase activation and
recruitment domain, CARD) 1 57 5 T ¥if £& B0 K 19
15 5 2 M (mitochondrial antiviral signaling protein,
MAVS, X FNIPS-1)H HAEH Y, RIG-13: 2755
Uiy A = BEFR 5L 4] P RNA(5-triphosphorylated RNA,
5'-pppRNAE3pRNA)HI4 I XLEERNA (<300 bp), M)
MADS 3= ZU5 K DR EERNA(>1 000 bp)©!.

RLRSAMYAT AN LAR AL 25 2 L (1) T e, i AE
JgRs R AR R R LA KR Ry A (. RIG-I
A LA SR A A MR Sk S0 LR 4 o
B MRS e o kA i g AR L e A5 22 e e A O
FETZPA, BAARIG-ILE 2 P v SR B v 4, (HAE
JigRg R AR AT AL TAR R ROIRAS 78R 5T BERI 40 i o,
E3VZ % % 2 iMex3 A(muscle excess 3A) I i % 1A
T FERIG-Lil i 72 32 1 g A 3 420 10 PR A, i ke
JE A I EE™ ., s AL B R, B iR A RIG-T
RIS E T ES e B mA )RR 5H, 5%
FH WG H DA, 4k, HLCTLA-4(cytotoxic T-
lymphocyte-associated protein-4)-5 $iLPD-1 4 3% J7 7%
16 BE T 20 O T 40 B S RIG-TH) B0« 7
A A e T B AR EE D, B
1= IRIG-14% S & VE TR & R 3 I IR S i, B
SRRIG-DXF 22 Foffih 96 LA 4000 0 12, LA O B0 v,
RIG-11) i 33K Pl 7~ 25 B vy 1) e g 55 AN AS R (1) T
J&, B, RIG-IR] LAE A vP-fil O S0 0 e 5 Tl )5 (1)
AR EP,

MDAS 5RIG-I45 4 25464, Fir A B AT 175 5 988 48

i Az AT i AT E T2 RE 727, SETDBI1(SET domain
bifurcated 1)7E ¥ 2 Ji A H # ik 308, 1% 2 [A] (1)
Rk A BEVE B 109 40 B AT A AR R T
UUER, AT 5 BODUEERNAT 7= A2, MDAS 2 3% Fif
YR PERNABUE, A IR P05 A e it
e A B 1) 9 T20% . RLRsI ok Jizp 18 B A T 422 52 i)
PR B R R o Bk ZRIG-12% 3 3 18 h S e Bk H
A(immunoglobulins A, IgA). Reg3y(regenerating 37)
FmRNAZE 7738 A PR 1 B 20 15 B 1 7K1 BRI,
B 181 25 (cryptdin, i H ) — M Yk, X T4k
157 38 20 ) P 4 2 00 E D BL b, 16, 1A%
RAEPR 57K F 88 w5, 59 B 7K1 R 2 LR
W fi T AT AR FAON I, AN T8 0 5 P e R 2 XU
25 b, S mRLRs Ik B msoE H AR 0E 2 Rk e
I A R R

3 AIM2FESZR

ALRSK JRAE N 2 4744 i 51: AIM2(absent in
melanoma 2). IFI16(interferon-y-inducible protein 16).
PYHINI(pyrin and HIN domain family member 1) Al
MNDA (myeloid cell nuclear differentiation antigen)*”,
ALRSs HIN-3 [FIPYD&S #4 35 A1C-3ii [ 1~2/1NHINZ 14
BRI R PYDSSHIE 1 290 R BRI FL AL L,
[F) R 7R 8 (AR LA o HINGS 4 4 30 5o S A% Ry
55 H 45 & 4T B (oligonucleotide/oligosaccharide-binding
folds, OB-folds)5 DNA B H At 8 FAH ELAE P, AIM2
SERLAEAR 5T, BEf RNk B AN 0 7 B
1 41 B H XCEEDNAPY, 78 22 F iR o 7 0 Rk
AIM27E K 2 80 45 B W 40 3 rh 8 B, SRR
45 HL s AL 23rh I AIM2 3R 1 B SR IR T8 55 A IE
M, HAIM2IRK 5 25 B e (AR 28 IR 2 ik
B 55 2 % 55 1l PR 9 BLRRIE 22 25 AH OCPH, AIM2UK -
(R PRS2 AT EL L 24t e S AAG 0 1) S H A A, [l Bt 41t
PI3K/PK3(phosphatidylinositol 3-kinase/protein kinase
B)/5 5 it B i E 45 i e 4R ML B 0 10 A 0
SIRT1(Sirtuin1 )i i #l) AIM2 % P4 /M A T ) e 9%
T AN A K. REBRSIRTI S EAIM2 4 1 /MA E
W, (232 e 000 A M R T2, 9 R X B [ (hepatitis
B virus X protein, HBx) 2> {2k AIM218 i3 72 2t [
RAR PR, AIM27KT 1 FEAR 2 15 5 RS 4 P 1)
b A1 BT Ak, R IR A R R B R AE S
82 &k, AIM2i4 38 i Fe At i 42 25 5 21 Jieg 1) 4 v
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FEAE /N it i o, v 23 TR ATM2 BE 8% 11 11 B b A
Rl i 2RI, {12 40 H 35 14 S ROS (reactive ox-
ygen species) 17 A4, T BEHEMAPK/ERK (mitogen-
activated protein kinases/extracellular regulated protein
kinases) {5 5 I, fe 3k R 1%L,

IFI16IE iF [ & 1R 5 20 5 5 I 1 X EEDNA
W 5, BRIE AE MR SRE, 38 2 5 eGAS— 2
FIPHSTING B R A0 A e iz, 13 7] %F STING R 005 7™
A AR HB. TFIL67K - (1) I i o] LU p21. pS3AT
pRb(retinoblastoma protein) /- [ 41 ffd J& HABH 7, 51
ALY 3 22, (HIFT163 35 PR A% 25 e 1t 40 g 1 e, 2
R LE R SR R A A R B

4 cGAS-STINGI&E

cGASHE: — Ml i FRDNAJKZ 8%, &7 1 MZH
TR 6 F% Il 45 ) I A2 N DNA S A 45 Ry e, ] 0% 56
RGBPERPL, 35T TR EN, cGASE T 5
DNAJE 22 2 &1, f#LATP S GTPH AL TE il 36
GMP-AMP(cGAMP)*, cGAMPYE NS5 A5 {# %
SERLAE A 5 9 _E ISTING, STINGIHE i 55 45 I3
7% TBK1(TANK binding kinase-1) 1 IKK(inhibitory-
kB kinase), #E 17 2¢O IRF3AINF-«B™® . cGASH]
BUFEDNABE, X PSS SDNAF #1650, — 2
FEEDNAH 5 (1 &R U B AN BRI XURE 25 74 517
A 1B 5 A B B R H i (1) FRE DN A W DLA 2408
THCGAS, (HIX MEuE HLEA Rt — e,

cGAS-STINGIE % 72 56 K T 9% 52 Gt 1H il JieJeg 4
JRL ) D, AR LE 22 i 8T % 0 B g A o, BEAS
T 40 i X DNAS AT (1) 8. 25 . STINGHR g L /)N B 5
2 Dy WDNAT A 7715 A 46 e, 17 L5 1E 5 /N BRUAH
Eb, 4855 IR O STING R Bea 2L /) B o 40 1) % 3 4 g
2 -2245 4 5 M (interleukin-22 binding protein, IL-
22BP) R IE B, 78 L W, IL-22BP& — Fh 1l B 45
Jr e (R B R IR, A, e AL Bk, 5IE
WML, B RSTINGE [ARIELZE N,
IKSTINGE /K58 KN RIERE . BFAT
RS IEM G MUK B 40 i STINGE 1 &
R EIL o TR A B IS . TR R AR EE 1,
cGAS-STINGI 15 75 i I8 L 2 G Hp oy v 4 B B2
A, 1A bR RS AN R cCGAMP RIS Y B2 41 Al
HHISTING MM 4 #AIFN-B, AT H95RCDS" T4 A4t
i A, DT A A o e ) AR K AR /N BRUBR

P ge A5 Y v SR T BB R AR S STING L 4 4
TR, e R LT S cGAS-STING I i, {121
TP A 58 25 g IR AR50

cGAS-STINGIE 12 55 I8 S0 s R A7 FE TR & .
AU S 4 LB 7 1 B (R /N 30~150 nm), fE7E
FILVTATE R+ . A aE a6 HR IR £
Moy, BFEEE IR/ & H . mRNA. microRNAFI
DNA, £ N 58 iy i 35 B B A a1, o, g
SN BT A MR AR OGN B, AR — R
FE I A AR B o VR 7L R P A A 2 B AR
FORYN M EL, H P DNATE NPAMP, £ #cGAS-
STING:# % 1R 5ll, AT JE h 08 S BB, cGAS-
STINGIE ¥ 7E 4 Mo (5 5 % T b ¥ i EE A A, IR
N BIERFCR] e a7 R B g1t .

5 HithxsZss

DDXH H 2R ]2 AFAE T N4 2N KA
Wik, A5 8~ IR ST IR JE P, AR B P I A
BLTR PP A 22 5, BR 2B B 48 BIRLRs A, I8 A7
DEAD. DEAH. DExH. DExD% W % #6", H 5
R BES 5 B, B, 5% 2 FRNAN
e, XS5 MBS KIEEIMG. KK A
YTHDC2(YTH domain containing 2)i# i f& FFrmRNA
(5" B 3 XA HERH PR 4, 5 S ORE S S IR T
(hypoxia-inducible factor-1alpha, HIF-1a)5 1%, M
T A2 33t 45 1 9 (1) % #5157 . DDXS64E 45 B W 3%
A L, JF Hs RiIA 1DDXS56 5 i 1 ik iR
AL BF T B RS AFAEAH R A, R WIDDX5 652 — Fift [ s
B[R, BA oSS B TS AR bR S
DEAD/H-box/if Jié B £ [ DDX415% 7% 2= 5| fEEmRNA
BIREFIRNAN L 228, 51 BN K S v B 1
F LR 2R A AERY

3 [F] U5 K 3 3% #2 (non-homologous end-joining,
NHEJ)TE 20 i & A A2 0 A ] 2D (1) XUEE DN A KT 24
BE &%, Ku70/805% — B4R H b4 H 2 A
. DNABERK T Ku707> 784870 kDa, il
HD 25 IS Ku80 K i e — Ak, Dlmise i 5
DNA R 45 &, Al ORI 32 91 1) DNA K I e T B it
R B BT 75 1 H AL NHEJ R 7 P, i K+
RFC4(replication factor C4)ifid 5Ku70/Ku804H H.1E
MR ENHEI/ T FIDNAME S, M )42 52 )
HIFIEE . Ku70 ] 5 4 i 5 Bax(B-cell lymphoma
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protein 2-associated x)""flc-FLIP(cellular FADD-like
interleukin-1PB converting enzyme inhibitory protein)
IZE & DAIG I He A 8 PR R4 di i S T T, H AT,
IR H A& E % OB (histone deacetylases,
HDACs)#I7), 755 Ku70 Z Bt L, #0155 Bax
Ml c-FLIPII &5, AT FHE i 20 i JA 1 38 47 9F 15 =
A AR T2,

LRPPRC(leucine-rich pentatricopeptide repeat-
containing protein) /& T-PPR(pentatricopeptide repeat)
B A XK, 8 EC-4n ) £ NPPREE FF SRNAGS &,
R 7 PRS2 KL H I mRINA ) F2E 1 FE A
LRPPRCTE i 4 . B Wil . A SR
P FLIRRE R P IR R 45 e 55 22 R AE
Hm Ik, HAS iR i R A RTIU AR R,
TP e g D e v eI I R T R BAL RSB . AR
ot b, K EE AR ITRNA DANCRAEH 5 S LRPPRC
fa€ IL-11. PLAU(plasminogen activator urokinase)
AlCyclin D125 25 [ ImRNA, M1 B0HIL-11-STAT3

B, B e R Ik B G T R A e 4 e 1
FA,

LRRFIP1/GCF2(leucine rich repeat of flightless-1
interacting protein 1/GC-binding factor 2)7= %2 5& {7 7£
MR, T B S AUEERNABL & & GCFP 41 [ XU DNA
454015 SIFN-PIH 7 4E @, LRRFIP145 345 #y18: N-
i WER T8 25 R 3, o s o R 45 A SRR C- i A TR
4545 g K38, LRRFIPILE 8 i Rk, /K -F
ILRPPRC 2 {2 HE JHH 8 £ b Bz —1a) B 54k o R fIKLR-
RFIP1%E H /KT, 1] 2 5 E-catenin ) i FR AL 7K T I B¢
R HAZ € AL, [F] I R B-catenin, 1] [ 88 248 i (1) 3T
5122,

p62E —F HIEZ R H, W& 2 I C-
U2 AR KA. LC34E & 4. N-3fiPB145
3. S TR B, p62 A AT I Jilvault RNAH T
fit. Vault RNAJ — 8 HRNAZE & BEIIAS 5% (14K B
88~100 ntify/NEARIGRNA, AW 5 28 14 4 A% i
& A fUkivault. Vault RNAIE T 5p62 14 45 45 14 15k
G55 T HPip62 T RAL, T 40 5 . p627E
I8 Tl P 455 sk 4 LA PR S i R T 2 i S Y,
iR b B 4 1 A B e R R, (B B AT 4R
JL B 0 B R R 4 o kS A R A R, {H
H A vault RNAS T8 1) & R i AR AT A
R 5T

6 RE

IRz 4 T HEE M IhRE, ZMEEHC
SARN T WL, ARG IR R A AR, i G )
poly(L:C)# )iz B T 1% R [ 52 4 (1) i, 1 B
A MEFHET. U HE-MEE. ST,
151 o1 A R AR (19 37 30 770 T S0 R TR U 52
o RGO T K AEDNABKRNA S A% 1 R BE,
REAS B 5 Bl 2 T WA BAE AT & R = 4450, 5
ZFERRE BRI BAN HAR e R R 2 5, B
LEE R (S B, LS. SR
SR AT, DNAJE AR148E 1% S LRPPRCES 7 1 45
&, BT IR BT — S R B 0 Ol R A, O
1% th — FLRPPRCI /N 73 T4 Ff i By £ 1R, A
B[ ¥ 9T AR 1 9 7110, RNATE RCLIIE it 5
RIG-If#)DexD/H-box RNA i Jie fiff £ ¥4 35k DL K C oK ity
GERIRGE A, BRI RIG-IDY, TR B2 33 B
% U AZ R S R 2 B R R T e, N A R A TR IE
PR TEAZ I8 52 4 0 S FH 5 T LA A R T 0, (B g
X IR 2 2 & R A A A K

IR SR R s P KRR EEEM, 5
JiIRg 1 A AR O e Ok R BV, BE A R S L IR IR 2 48
IR AL, 0K 720 FCHIIR) . Bshifl. e
FE IR 7 T LA 3T R I, A I8 B e PR Y6 7 4 B
&R
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