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5 CRC MEEREEYIMAET, Yachida "
i Z 4 2E o R I T R AN S | BE DA
WhREY A L & EFE CRC BRI E:, HAE
CRC Mk eI AS . SR, FETEIRLLA
WAE CRC Ak o4 BV HTE e 3 VR T it
ANBAH . BRI, 4T T AR AN A S B i R R
e E B, W LR S i s ib S s iy
TRBHFNG ST SR W o

1 #AHETF

H T Z FhF e R BIFSL#54 Hp 2308 hn & e
f A XU, Hp SR 4 40 B 7 0 I A 1
PRI EEZ A (Vacuolating cytotoxin A, vacA)F14H
MR A EIEE A (Cytotoxin-associated gene A,
cagA). VacA Al 5| AN WL . d0AR AL
Ztdl . R A EE RS IAE T DO bR A
JEMIEICRE 525 1%), Sundrud %V B VacA 7T
T T A A A% N A (Nuclear factor of activated
T cells, NFAT)IGAREHIEIGIL T A0H 5330 1L-2,
FERIE R TYE T 2H0f(Treg), MM Hp bikkih
NP SRE SN, B Hp T MG YRR . Iboh,
VacA & AJ B A0 A N A5 e H Bk 5 i B mk,
FHEUE M (Reactive oxygen species, ROS)F R Al
AKT ik, 258mmkE" caga FEFALTF
—~40 kb [ DNA J7BIN, 27 BB N cag 3
JPES , i —A> TV B R 58 (Type IV secretion
system, T4SS), FfEI X RS- ILEE LR 4,
£ Hp H26 B s E ™, Bl CagA 5
HH B8 2 BR B IR i (Protein tyrosine phosphatase-2,
SHP-2), *KHFZARLEEG8E T 2 (Growth factor
receptor-bound protein 2, Grb2), CT10 J4EEIH T+
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¥E 8 1 (CT10 regulator of kinase like protein,
CRKL), C-Src &% R 1% (C-Terminal Src kinase,
Csk) , 32 i 2 BR 4 Met (Receptor tyrosine kinase
Met, c-Met), K% %345 1-1 (Zonula occludens-1,
ZO-DMIHAEM, #4015 ERK/MAPK T3 i 25
e IER I, FF A @ PI3BK-AKT ., Wat #
NF-kB {55 PR AL 4 3g 78, [RIaH ] ps3
HAREMK LR ATl Ak, CagA R[5
S 1 O 1 o e O 2 2
(Epithelial-mesenchymal transition, EMT), Z5/f
i e O O T U

B, 75280 22 [P S0 i b (5
P IR BRBERT T S R T 23 1 R A
2 L 5 RN 2 AR R I EE 2R, B A Sat
¥ 3&%%‘?(Cytolethal distending toxin, CDT), AJF
H DNA XU, S-S AN Al () 2 i ol S0 45 s A
PR, MR HEB LR E R, Graillot 422
P R, 7E CRC A&JwALEilH, CDT
AEANEE T CRC B4, (HA]REE LA FIAL
T XoF Je e 722 A HE AR A o

KIGFF R REAEGE A SRR 52—,
WS E AR LR NI IR € giE , 7m0
A A T PR ED . KIGFF R AT 20 A
Bl. B2, D4 MR, M B2 WAILES I h i i
o AWK 34%I1) B2 WHIK T B 5 —
Fb LR <7 09 38 R B — R A % 5 (Polyketide
synthase island, pks island)”, ZmtSAERBHAZ NG
A (Nonribosomal peptide synthetases, NRPS)FIZE
lilil & 5 ¥ (Polyketide synthetases, PKS), 1] ;=4
— 2T LR R R EEPEY) BT (Colibactin), i
B DNA 11455 , 2 5 e i e A e R J Y,
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VRANSEBGUESE , EAZ A MUR, phs+ R H 2 3L
DNA XS, SEma R ATRE v, [RlmHEs
DNA 45 )3 16 &2 i i#% ({25 ATM-CHK-CDC25-
CDKI1 i@ H2AX Serl39 {5 #fafk), T34
Ff R, B RSB TP, Arthur 252
TE 3h W) 52 5% h & B, phst R W #F W AR
Interleukin(IL)-10-/-/]N LAY 25 B Mos & A= o BRAT W
FEINN PSK (LRI BR300, 5 A T 5 1im F- At
Ffinh, T B S AE W] s DR RS B AR IR
(77, R HE phs+ K IAAT B AR 242027 SR
Bl I BRI HERS . RAEFEA AL il Il N R I i
PRI F B ) S BT PRI RT L, RRE- Tl Wi
PE-IRs K Az R e Z [ B2 AR BEAERT,
S — D0 I B A ) 22 Ak 1 7 A2 CRC I E
P

W55 HUFF B 29 5 IE F A AR 0.1%, FE
ETE T4, Hirp ETBF 0] 23— R et 4
JEE M, BIUMESS AT R 3 2R (Bacteroides fragilis
enterotoxin, BFT)5|A241Z4 4 ifitss. A I A
B, BFT Fl b B2 A0 S 2 AR S5, 0% Wt
NF-xB. STAT3 “FZ/MF 5, FERKFH
IL-17 724, gE AR dE CXCL1 HH 52K 5 B 4 ke
8 W G0 7 ) 41 AL (Monocytic myeloid-derived
suppressor cells, MO-MDSCs) &1, - J5UaE 3L A
Rk, KR bR M)A R T, BRI R B
TR, A IORE RN ) AP

2012 4E, Castellarin Z"V% 3 CRC HLH i 7E
fE Fn. Yachida %5 i S E SCHE R 2B 5 % B
Fn AYAHXTFEEE N CRC A R P 98 22 06 S0 728 Hp 82
s, LW & B, Fn RIAIFKIX FadA )
K+, a5 EfREALE, PO p-EHEN

(B-catenin), NF-xB il Wnt {55 53 1%, &AL R
P A, dEMifEE CRC By &A= ik el =2,
WAL, Gur Z5EB31% 0T 20 AR5 i et i 1k s
LA, B0 Fn AT772E Fap2 28 FUEFIF T M40 REER
A 1 A5 52 AR I 24 R ) 5L (Immunoreceptor
tyrosine-based inhibitory motif, ITIM)Z#43E &
(T cell immunoreceptor with Ig and ITIM domains,
TIGIT) 1 il o2 A0 7 152,

DNA 48 H2 852 (Mismatch repair, MMR) Z& 4t 1]
PAZIE DNA Ziil55ie, J& DNA Stz 22
w12 Z—. Maddocks Pl LR KB, 7E CRC
BB N ) EPEC 1] 70 ISR AHE [n] 8800 25 1
EspF, &6 bR AN 19 MMR 8%, i DNA
TEZMAFBE, EiEE FAER A RRE
K, MM TTIENE A IR K-, 5% CRC
AR .

Ye o fR N £ 5E P (Chromosomal  instability ,
CIN)J2 W v ik 1 = ZE0R s R R BY, i Ak i
S S PR REAS I 1L T I DNA $ifiig
ThRg , Fad AR SCHY A A1 ™ 42 R ROS,
7 E AN CIN FZ kiR DIRERERS, S22k
HEBRRIE B A AT CRC R AR 2 DIAHEE 2, S
PSRRI, FEN R YA I B R A )
18 12 5% WL & AUV (Bystander effects, BSE), #5530
A& T#-2 (Cyclooxygenases-2, COX-2)7%ik, Han
4-F2 -2, e IL-10 FEBR/N L CRC Y
KHPT,

2 EYfE

JniE 8 W PR R = B G, ATRLIE R 2
KA 518 B85 bR R . JRTT, Dejea
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B8 A B, CRC HBE B NAELERES 12
AW B KGR R W e TR, 3 ORI A P e
451 b R A = ) 42 ks, TR AR A
AV, SBA LR BEAEL, A AR
B CRC XRS5t 5 15 LA B IZ9E L iR
AR W R R AT G bR AR S, (R R
HERAE NS, TR b R A ff A g 7 .
—pilid 16S rRNA M &8, 78 CRC B 1
TECRE V)22 v A T A R 2 A A 235 3 o T
AN J2 A 5z 2 04

A I8 1k B P 9% (Familial adenomatous
polyposis, FAP)EMIZ N R HEEAS . Dejea S5
WX 6 44 FAP 83545 1 K I 0 B9 & BRI A
TRl R G 55 SO 81 AT 2 LB PR AE R i — 2D
TR pks+ KIGFFHE M ETBF 28 A Y
Rk, HS5IER AML, FAP 45AhIE K
FFPA colibactin 2 2 K&K (c/bB) M 55 AT A 8
(b EE % ERE/NRER G, KRB
colibactin & R M KT B A7 I 25 3R 14 e 55 04T
AL [F e A ] 2B S R IL-17 Mgk bR
() DNA 53400, It i & A U0, (A3
M, ORI R A X S & R S A 7E, A
SRR R A AR . FoH ETBF I ALK HRZ
PEfl phs+ RIAFF K AR IR, /2 RIE
B A B Bz AL DNA 5875, DT 45 g Jie e 114
KA

3 RE&Y

W 1B RS SR P s oY) B3k
R A R/ N TS, X T 2R A R A
[ F) 5 G A i L 7 SRR o AN [ BRI ] 23531 2
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J5 55 G2 (Short-chain fatty acids, SCFAs). JHJT
MR AW BEAIRIEATAE Y . I A . e . 2
M. dEAE R EIEIR . R, MR N WESE
Z AR, EAEE R R s e B R A L A
P85 Bl A A ) A Ry 6 B R AR
SR 22 R D A RE BRI SR I N R v, S ik
2. RN ER KR iR w3 it Y, HAE CRC &
ARy R, 2R T A R B R R
b, FEAAFERAGHERS | 2RI . B
SERRAR OB A PLRRICR AR

SCFAs EEAIFR IR . TIRHMINIR, X Sefis
WA B A Yy ) E SR R, Wil
FZ 2 Jifd (Intestinal epithelial cells, IECs)fYHE 258 &
W, WAL, HAR HAT R[] Y e 1 T e
PABEFCUE] , SCFAs i3 BT NF-«B {5 538
FIPTE , FEIETE T Ao, RESUNIEE
FHUOL SRS F TRRERMEGY, BRTfEESE,
AT N T IREEAN T B e R A
W, 4ERRI EARAEIAEE, I AT DI i 1 4 A N
() 2o 4R A 00 T AR 1 B 0 5 A2 ARy (Peroxisome
proliferator-activated receptor y, PPAR-y), i nos2
BN Y Rk L s 5 B — S A R A I (inducible
nitric oxide synthase, iNOS)& A%, T/ DASEREE Y™
A, BRI DA AR, 2 n] 45 i 1 RE
F AR (0 5y —SeRF ST B A S 4538,
Y SEIE ST RRER AT LA 45 W b Bz A0 A g i
4B T DNA BERCAE S BRIG™. X rTRE S T iR
Jrrtiiove B e 55 A AR B AH AR AR 6

NI PR 3= SALHE IH IR NG 25 AR, FEHFIIE
G 5 H AR RR A G R R+ 48
VIR A . 256 R BRAE /N FN 45 W 12 vy
J AR A E TR 7 A R IR R, B A i
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4 IHER (Taurodeoxycholic acid, TDCA)FIJii LR
(Deoxycholic acid, DCA). Bl M5 & BIRF AR
R T LA Se4b b Rz il s Angs -, e TDCA
FEE A S T RelA SRR ILIS T IL-8 JLH %
EEY, DCA NS o BELIMT NF-icB 53 S0
I RelA 1.5 5 KARVE o

Dodd % PR T g i 3 AR B A 4R B
sporogenes) J© A W Wg N R
(Indolepropionic acid, IPA)ARIEfEE, Fil ok
BN 2 B UE 5 5 A T A SRR A BT AR IR AR
™ s i g 18 e R AN A B SRR . A,
22 W LRI UE S RE % (0 E I Rg 6 5, il 0 e A
B, S5 A AL R R

(Clostridium

4 MAERZRT

KR P RGeS TR0 TI2E P i fR ST 45
F, REX A AR PR S g . M LA 52
s LU A W) B R A O T8 o R E R, BB L
T AR 52 K (Pattern recognition receptor,
PRR) &% i/ 5 J5LAH 56 43 1 #5 2 (Pathogen-associated
molecular patterns, PAMPs), &Gz 1 1E R,

4 ifg R 1A PRR A 45 T &5 i 32 1K (Mannose
receptor, MR). J&iH K3Z{K(Scavenger receptor,
SR) A Toll ¥£3Z /& (Toll like receptor, TLR). ZiJify
M PRR 4% TLR. BHPRES & 5 RALLH K
(Nucleotide binding oligomerization domain, NOD)
FEZ PR (NLRs) AL 8 FR 5 T AL & 1 1 (Retinoic
acid-inducible gene-1, RIG-)FE3Z{A(RLR),

AFEH PAMPs Al 5 TLR 4545, @H
5 22 BAVE R AU G 2 B (Lipopolysaccharide, LPS)5
TLRA AHZEG 5 ANGANG AT | S i R L T Y

BEZpEY TLR1. TLR2 F1 TLR6 454 ; 4HIAHEE
S TLRSPY, TLR AJ30% NF-«xB. STAT3 .,
MAPK ., JUN N-A i (JNK) . p38. ERKS FI+
PER W A5 S, 7SRy iy vh & 8 4
TEHP,

HET, ZURCUESE TLR A B T2
iR i & A R R o Luo ZEPOE R /N R4S I B
FERAIUESE LPS T4 IR e dE L R R M IE i, &
TR 5 2R 4 NF-«B 5 i de e T A
T(BCL-XL. cIAP1 FI cIAP2) iR, BEFE/MELIH
F-(Myeloid differentiation primary response gene
88, MyD88)tL & TLR 15 ‘=il i H iy — A~ S o
+ . Rakoff-Nahoum Z5:P"V& Bl MyD88 #<i#fi i) (5 =
A A T 1 P i A e B 220 T ) Y B Y
FKik, W COX-2. 4R & M # (Matrix
metalloprotease, MMP) 0 55 A R (Cytosolic
phospholipase A2, cPLA2), 7EH &k MEJEHE I
o T e i e rp R B DG S VE T

NLR F 25040 IR R A0 B,
H1 NOD-1 1 NOD-2 7£ 4t B S Y il fo 2 - iy v & 5
FEEA, FEEIL MG NF-«B Al MAPK KA
SERAE SRS PN T8 A B IR YL, NOD2 Al 75 34
FORAHA AR 1L-23, HE—5 306 Th17 HHiA S
FERO P, Fe/ BRI, NODI1 iff m] 335 1 7
AL TR RS, 580 CRC &P, i
NOD2 Widd_FiRZE i bRz A IL-6 3RiE 75
SR RIE, FEIERAEYE CRC MR R, A
WETE B A SISt R NOD2 JERRAR Y 1 e
(18 2 A AU 2 A SO AL G R B, T Rk
JEH T NOD2 28785 iR H b Rz Fi i S, &
S Hp G XUESHEIn, JEm S EURFRAEINE, &
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PRI — A A IR . A, S50 1
B AMIER = Nod #ESZIRZIGS pyrin S5H38E H

(NOD-like receptor family pyrin domain containing

6, NLRP6)rA[# il kA + CCLS M B TR
AE, VAR TL-6 ML, fRuE R4
fayEgE, F:3 CRC LM, BORMBIE R, 78
ANF CRC 8, ZURNT R DNA M40E
G55 CD3'T i i % F 5 7 A D),

5 N

i bk, MnE 2 L2 S E i iE
R 0 At R R TR (B 1. HRE, B B E R 3

——— The pathway of toxins effects

& 0
L g

Mucous
layer

Intestinal
epithelium

—— The pathway of metabolites ~—— The pathway of
effects biofilms effects
The pathway of ROS effects

Sl AT N BT AT O A, Bl X AR A
o T8 IR e A A RO AE ML 5T, A R o
Xt R A R B AN R SO A S B ) T AT A0 AT
R A B o T8 bR A0 0 A A A AT B,
TS BB et o SR, R, WAL 2
Wy 55 22 b R 28 24 RS2 i A e ) 4
J, DR A o B 2ok — 2D F T E T 4 ]
DR 28 X R A W A RS T R AR B R
S, MRS 5T AT R, I, 2
A R R S 2 B R LA AR B
FERSAT BT o 8 R G T S A S % b Ay
I {EL A 4%

The pathway of virulence factors effects

Lamina
propria

E1 HAESE5EMEMENAERLR
Bacteria participate in the occurrence and development of gastrointestinal tumors. TDCA :
Taurodeoxycholic acid; DCA: Deoxycholic acid; SCFAs: Short-chain fatty acids; EPEC: Enteropathogenic
Escherichia coli; Efa: Enterococcus faecalis; Fn: Fusobacterium nucleatum; G : Gram-negative bacteria; ETBF:

Figure 1.

Enterotoxigenic Bacteroides fragilis; Hp: Helicobacter pylori; Eco: Escherichia coli; Tc: T lymphocyte; Be: B
lymphocyte; Dc: Dendritic cell; Me: Macrophage; MO-MDSCs: Monocytic myeloid-derived suppressor cells;
PPARy: Peroxisome proliferator-activated receptor y; MMR: Mismatch repair; CIN: Chromosomal instability.
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Abstract: The prevention and treatment for gastrointestinal tumors have become an important public health issue
due to the high morbidity and mortality. Microflora in the gastrointestinal tract usually participate in the
metabolism and immune response to maintain body homeostasis. Recent studies have found that a variety of
bacteria in the gastrointestinal tract play an important role in the occurrence and development of gastrointestinal
tumors. Bacteria could induce tumors by virulence factors, biofilm, metabolites and other factors. The efficacy of
chemotherapeutic agents could be affected as well. However, the involvement of bacteria in tumorigenesis remains
unclear. Therefore, this paper reviews the mechanisms of gastrointestinal tumors induced by bacteria, thereby
providing the theoretical basis for early prevention and treatment.

Keywords: virulence factors, biofilm, microecology, immunomodulation

(KL Ft4h: =%)

Supported by the National Natural Science Foundation of China (81803589)
"Corresponding author. Tel/Fax: +86-571-85893602; E-mail: wyu@zju.edu.cn
Received: 12 June 2019; Revised: 2 July 2019; Published online: 11 December 2019

http://journals.im.ac.cn/actamicrocn



