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TR AT B CagA TR B R HBURVLHI RV A R g R
FEM, FAmA

FREAPABAEY TR, WIRBEY 5 EY Z 2 ERERIRE, Jba

100071

FEEE . T TIRAT TR B2 S EUN B R 2 BI85 — R B ARG ) E 20 I, (BRI Eom L A2
RIER ., YT R A KLE A (cytotoxin-associated gene A, CagA)f i [ THEAT T 2 i 1) — Fb 8 2L 55 )
+, BAE AR ME I R B R 5T . CagABR U2 H T TIRAT IR IV B 0 W R G I AT 3
B AN, — B A, CagARBW 5201 LAAMEANEN, PUELAMIER A5 S8, 51EH
MU A FNEE AL, MishP) SRk 1 CagASE N BUR R Ao A SCHE SO Cag AR FI P IIERIE, F20007
ORI 5507 T R AT 12538, A BBRei— D B Cag AN SR HAT TIRAT T OB LT, R

PAJE ORI FE SR A —5E (7 [ RIS

KRR MAERAMCEAA, NVAVUNBRS, (F9al, BowbLl

B R e BRSO WRAE , T H 2B TR
P B =i aE, AN1984 4EWarren Al
Marshall AN B 615 v 70 15 055 9 U A T R 1A
(Helicobacter pylori, H. pylori))&, 430454511
WHFER, H. pylori &G B EEshPEE % . 1H
AEPET7 R R SR LA 2 2O L 98 0 S
(R 19944F R AR LUERISH. pylori
S5 1 2RBUEA T, & HETN 1IEME—35) o
TS NRBUR W EAZ A=Y, ©MH. pyloril&ge T
LERAS0%MIN T o

H. pylorize 1 Fh 2 IRTESSIE . Tl E Ay =2
[CRAPER I, & —MEE T AEFRZERm, A

EHME—TEF . H. pylorifIih R B AR 22 R
PEROKR, R B Zeere, Hrb, 40w
EAM X EHA (cytotoxin-associated gene A,
CagA)/2H. pylori—A\~EZINTF I H T, RIEIEE
FETECagATE T, AI¥GEH. pyloritatksrh 1 BITEBE
(CagA FHME)FI T HY B BR (CagABATE), B0 T BUH
R H I AU TR R AR 5 | S 5™ R 1) EORG IEA £ 5 R
DA T 1R 1 A R AR AT A T A
7N, CagA PR TEAR Y 23 Ai ELAT B 0 A0 SR Ak
RUERMME . HAMEANEEH. pylorisy &
BRO0%LL b & A CagAZE I, VY7 B In3EE A
AL 204 60%—T0%I H. pyloridihihCagA®E 11",
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ERTEENE, R EZEEEEREY ST
TR, CagAfEHEH cag®U i (cag pathogenicity
island, cag PAD) 4t iy IV A 73 W R 4t (type 4
secretion system, TASS)Y/MMIFEEAE I 4iaN",
—HIEAE L4, CagAvT LS4 20
& A= AR B AR FH I 0L 40 i GE 8 (5 5 % 508
B, fiE LR A — R TIREEREL, B
g AEEE = AL

1 CagAZ B 7 5| 0y Z A RAE

Cag A & H cag PALKR ) cagAHE P it
0y, 4 F8A7E120-135 kDaZ ], CagAZ&[1)T5
GRS IR AR X, H: F 2 S 298001~ 24
FRAPRSFIX, IR B0 230040012 SR h ]
AR, Cag ATE (&S AR e e SRR HE A T
AT REF AT
1.1 CagATRHWREIRFS

AR X B AN E P AN AL, AR
PR3 A2 H A H RO TR B 43 2R -l
PR - 57 5 R - I A R - TN R R (Glu-Pro-Tle-Tyr-Ala,
EPIYA)RF, HHEEPIY AL HI MG T4 AR,
ALK EPLY AT 4 a2s, EIEPIYA-A .
EPIYA-B. EPIYA-CHIEPIYA-D"™', 41 K£%;
CagA#E H IS S EPIYA-AREPIYA-BEF Z 41,
WAL S E H AN EPTY A-CELEPIY A-DJEF, 1M
EPIYA-CHIEPIYA-D N CagA & 431 1) SEA
HAPEPIY A-CHPU T HRFFIEF S, TEPIYA-D2N
RAARFFIE S, HRYEEPTY AL R R 2R A%k H 19
AN], CagAB AR X JFHI W] LIA 1 7RIS, 7Y
HkCagAT AR X KA I EPIYA-A+EPIYA-
B+EPIYA-C, BIABCHF, HKiEHABCC,
ABCCC., ABBC%, RIHELIABDNF, Hkik
4 ABDD. ABBD. ABABD%"", 4CagABiiEA
YL S, FLEPTY A J8)7 g SR v a5 23 8 Sreif
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il Flc - A1 mE A ] K A e B AL, W R 1L 1Y
Cag ATE FITES | & A 30 B LA K B0 s A8 i
FerpiE & AR = =R

CagASE FR S P 0 65— 16 R 2k
PR IR AR L PR ST HEFF 91, Bl CagAZ AL L ¥
(CagA multimerization motif, CM motif), CM#&f¥
A LS AR N 22 R AR A LA S O R EURAE R,
BIUNCMEE P AT LU T Cag ARE 4 1 R ARTE L
Kefad B 5 % 2 PR W 2 AL I (tyrosine-protein
phosphatase non-receptor type 11, SHP-2)f45 &,
7, CMIE Pk Al DL 22 S R/ 75 2 TR T T
(polarity regulatory kinase partitioning defective
1/microtubule affinity regulating kinase, PAR-
1/MARK) £ - S0 Sl i 75 PE . Nesicds
X456 F Cag AIRBL P AR T-MARK Y b 7R 25 1
HAT MR, CMEEF Bi% 5 MARK R fiEfLE,
MIREE G, VR AL TECMA T o) 1 141 2
7o
1.2 CagAZEH RIS

FAXF TR B um A AT A8V, Cag AR 1 Y 24 ki
FEB AP . Murata & Bl Cag AT 12 3
Uit 5 v 5 A — BRSO 8 2 R - X - R - X - A
FIRFH(Lys-X-Arg-X-Arg, K-X-R-X-R) 1] DA% 5+
SEA AR L AR I 22 IR T 5 | 3 Cag AR H 17]
i 25 40 A 14 2 7 L B e A e 4 v g B
735h, CagAZ im0 Y200 & HE R L g/ 3
CagABEFAMYBLE N, TR B 5134 REM il b
Cag AR AL 5 E AN B, 19140 & REHG 5 200 i
Z ) FRDRG BRI 42, i 200 D ) RIS e ) B
AR T 20 0 R /B-1E #1785 11 (T cell facter/B-catenin)
Sl B e s, L, X BOR B Al LA
CagAE H 5 EMEUREEUREINRE, X ERIBFTEEL
Al it — 47 Cag A TR H R 25 H 4R . Kaplan%s
1 3 X Cag ATE & v 7 51 (£ 880 aa)fY fhik 4l
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AT AT, BB RS < H A0k
agERgE, BEID1, D2, D3, D4, iEidErhkxde
LRR N TG 500, K IMAED245 M5 SLB
A5 F A — BT 511(303-368) AENS 5 15 3= 40 fifa fi5
BUBEA RIS, MM FCagATR FHIFE,

Cag A H&A I 5 9 AU Cag A TR H 5%
(V| o ik ST E I K= S s o1 B RS eV O R
Z MRSy FnpS3H TR AR A, S A
RUNX3, e SR8 52 (4R O -6 55 40 HLAE
< RO 1| 1 I v 111 1 o e B 1 ke o =
WA L B i S IR SO 5, 3k 1 Cag A 11 2 2k
vty 7 91 [ R 5  dE 2 VE o

2 CagAW B LA RN BA

T4SSHF W R B H. pylori #140 kb cag®ii
By i TR SN EARESY,
CagAZE 1 1 FANMIAFEAL™ . TASSHr MRG0
—REZHEEED, FETIFZHE L RPIER
th, ARPEE EYRZ RN, HIREHRARE
H. pylori cag®Uii i e gmtid32 3K, e fba]
REJE N — DRI ALK e 22 e (R R
T e il e A b, RS & 2 A VirB,
VirD J— SRR IR 1o R R E R 2
REUIANIERE , (EN b — 288 R T REC A T
W, CagEJET4SSIMl RELM—Fhas s, ikl
BTGP T LARH 1 CagAZE I IE A, CagFlg—
MHBEE, B4 E T CagAm HR Mk 1) 73 W
F5 Xk, *TCagAfEfiAEH EE, CagliE
— R RGBT R T T4SSE AW R Ty, 8
1B RRE AR - E IR - KT AR IR 51E E4
MRS RSBl G, I FCagARFE L, [FINL
B I 2675 BEI4 B (focal adhesion kinase, FAK)AIl
Srcifliy, AIAMAAIGE S S, HEEA
CagA. Cagl. CagY P Laeg 518G R
4G, SIRESRF ZREMSEUE, NS

CagAZE A FE™,

BTG RETASS W RGN E L K 4
DL KK Cag AZE 5 ALY 23 AL, B T Bk
I TASS /T RGN Z T A SRG R AN T
AL ALEI AL, 38 T REAETE 55 Ah—Fh AL, BD
CagAifiif a2 Hom ) ig B4 5 3P K-X-R-X-R 5
20 e 2 T ) W R e 22 TR 45 &, AR Jm It Ay
VEFIE AL, ONBFTE KB, FECagABHYER)
H. pyloril&4« 8 T K AR, 51 oA %) 6 s T
22 I F PR 1) &7 3 T ORI BT R S, X ]
AE S FCagAHHES & 5 NATA K, HE—Dat
5EFH, CagA# A BT HAT 1E fi fa7 i K-X-R-X-
RJF 1) 57 1 fap 1) 22 6] B R 5 SHE T 55 23 4%
&, BRI 22 Z MR SN B 5 Cag AR 1 1Y)
WAFBILE R AT

3 CagAS5BxHREEHERAN
R

PEATE A CagAE H EE LI2FE R &
BVER, BBk LA B9 o7 SR I b AR AR
PRI
3.1 BER{ERCagATE B 51E F4MMAHTEER

Cag A R A BERR AL LSS T e B5 38
PR CagATR H A FEZURE R F 27, Mk
TR AL 1S 55 1F S Cag AR FTEPTY AJE T 1) i 24 I
B3, —HCagAdE AT F40ME, #iarZI8dE%
1A s 22 R Tt S & AE B R A (G402 ), IR
Yu2—4 hJ5, SrclBEnT LIYE 5 Z 456 i b
Cag AZE ARSI R 1E , Beit 5 — RS2 AR RS
RIR LA BOE , AkLLwimfbCagA "™, #F
FERI, SrcFIAbINFCagATE IR FR 1k I 4 (1 45 1
AL A B, T EEPTY A7 % A W
1 A 1) i 2 PR o7 LA I TR, RISk e 4]
#iSrc H MR LEPIY A-CELEPIY A-DIHY RS & R, B

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



1824

Xiukun Wan et al. | Acta Microbiologica Sinica, 2016, 56(12)

J5i AbIAT LA R 11 & 02 4 (EPTY A-A/B/C/D) Y 1%
AR, (HEHBERAE DB EPIYARTE &k
AR L, MASRIBTE3ANEPIY AT I A E
Meft, #F— PRV, BMMEPIYA-C(3K
EPIY A-D)HBERR LA /2 LA | B 40 i 8 2 PR 2 1Y
AR, B/DTFE2NEPIY AN S IBERR LA BES [
AHBIE AW RCAE i HLEPTY A [R5 i i R Ak
51 4 B Y A AR R R O — A, XU A
CagAWBERALTEH. pylorili& e d 2 b 232 2| 4%
Pl By, JF AT LU RS A AN R E B Cag AR H.
pylori IR EHREUR R 2257
MR IL ) Cag AZE 1 F] 551 Ly Z AP0 2 1
MIEAER, Hrh it R L FUE SHP-2
WML 1 Cag AZE I BEWE 5 SHP-2 1Y SH2 25 4 I 445
A R SHP-2 1Y 5 H0 , IS Y SHP-2 B 1l
FAKFINLBN & 145 & 8 H R E LB, ik
R ARG R, SBCm M f AT, [FAfiA
RE OIS A I S5 5 4 1 VR A 22 0 ST 2
T (extracellular signal regulated kinase/ mitogen-
activated protein kinase, ERK/MAPK)G14:, 5l
R ] R R IR 2T R 1 e
CagA T E (& B TEPIY A-CE{EPIY A-DA: F F S &
MRl b 5 SHP-2M EAEH , Hr KA CagA
(EPIYA-D) 5 SHP-2H)Z5 G REJI Bk, RERE ™ /L5
SRELA AN ML Sk AR, AN, RIEKR WA
CagA 4G HE /N R A g i Bl 2 B 2 T3k
KPR Cag AR/, [, I REE Bk
YL HE T AR Cag AR H. pylori5 7™ 5 T 25 45 Fll
BRAIAE, DL EE, R CagAZ H P
JrRICagA A SR BRTE, HTARIEAICagA
TR ER v 7 B CagA EEAFAE TPl
FE g, X al/r T iR 2R O B K 18 9 R ]
TV ERBEA . WA A EE T, R A
H 2N EREEPIYA-CPY )7 BCagAIM H. pyloris i
= 2R G g AR R VIARSERY i SR ik
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B, &HZ 1 EPIYA-CHYPE Jr BICagATI A TE IR 5
SHP-24547HIRE ST, HILHAEPIYA-CHICagAfE
51 % AR E R AT 25 O A A 2 -8 3,
XA £~ E EPIYA-CE H A MEPTYA-CHA
R B PE o

IR L 1Y Cag A RT LA Wb [R) R B K B Sre il il (C-
terminal Src kinase, Csk)fdi Srcl il 2 7% , Srclifif
BRI S PR E A S A & A - MR
(cortactin), 324 H(ezrin), Z#& K& H (vinculin)
KRR, DA S5O 1 S o HE RN A48 e
KPS AN, BRI Cag AR T LA Sk R
HCrk 1T . ADUE U E S YT T iEE S, Hib
Crk [T 2 AbWE I 2885, BRRRALAYCrk [T AT RE
i3 5 | S L2 A -4 L 2R R LA SRS e i R
1 LR T B ML B A A ek 2, HIARs 2t
— R NS N R RN EN R B, iR
fE B Cag A FT L3 3 0 ERK/MAPK 5 53 J175 3
o-M BEAL B ) LR ERIE T o- M BE AL AR SR — A
B MR A DGR 1 2 5 M ) JCBR IS A R, X
HE— A UE AR L B0 CagATEH. pyloriZ U 5 FEEHLH
g BN,

B T UL EAEFREEEE SRR LCagAZE G Y
Ji N B A B LIS 3384 (phosphatidylinositol
3-kinase, PI3K) . A H 32 1R 45 G 8 H2(growth
factor receptor bound protein 2, Grb2), AF4HfIA= K
[N T3 K (hepatocyte growth factor receptor, c-
Met) Fll ' % % #2245 11 1 (zonula occludens-1, ZO-1)
A HPGb2 . c-MetFIZO- 1487 L5 AR R
L CagAT A EAEH . CagA 5 iX SLHT & 1A
AR RS RBOE R S S, 2
My he & 2L -
3.2 FEBERRILICagATEH 578 FAMRAAHEIER

CagAE HFR T HOBU T HRIL SR EPTY A YRR
e ZAEAE I Z 40, 0] LIASKES T8 (b imi 5
ML 2 R AR E T S SO . CagAZE AT
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L3 3 CMZEF S5 PAR I/MARK U EEZE A IF-H1 #%
Mg, TR R R R R AL, SR
Sm s AR BT MR CagATEH S
PARIHY4 &t A LAFEE CagA S SHP-2 91 FH L K
BORNF-kBRITE N CagATT DL 5 Z0-1 FliE 4
Zhi[ff 53 (junctional adhesion molecule, JAM)AHH.
YER, Bk BEEEL Y RAEREA, MBI
E R AN B AN, CagAE AL
55 5 [ % 1 25 1 (B-cadherin) /0 B4 FH MBS 3R 40
ARG R ™. CagAZR 5 | KX BL1E I (45
A FEE LR ALMEIR, DTG I 2 A %) 1
% HETH AL AR

CagAZE F REAE M 1ot P0G 22 P s DA i Wk &
AR R E . AMIEERY, JERERIER
CagAfE ] LI 5 Grb245 & I & Ras-ERK 5 5
B, IR RAE R S FNF-«BRUIGE M, &
R RAE R TR RE™ . AT AT 2,
CagA®E 1] LA 3o 3005 NF -« B A4 15 14 11 175 5 g
AL F Z AR AH &K F1 (Tumor necrosis factor
receptor associated factor 1, TRAF1)AY)3& ik [,
MTRAFIFEH. pyloril 4L 4 h BB T 1Y
VRS, S— RIS E, CagAE HENS 8%
b VR 20 S A R 4 5 S P - FoxM 1 (Forkhead Box
MDERIL, [FEF AR a8 B2 10638 a4 FHFoxM 1
fUmiR-3708) 315, MIMTERE T H. pyloridL )4
Mosa s B4, CagA#E 5 E-cadherin/f-
catenin® 5 W45 5 MR 1 B2 4t RfRS B 3% 422 1 [R]
B, 52 B-catenin7E MU 5T i ) K1 A R N
ERE, HEARE NI B-catenin BEAS 5 Ik T 40 i 14
s K/ THR IR 25 B 8 i R, AR AE G
T B SR 22 0 IR B 5 5%, Bl e-myc,
cyclinD, cdx1%. JyAGERY], FEBERILIY
CagAZR AT LU £ CMEE T 5300 i c-Met & A= 1E
., WIEPI3K/AKF S B, (k40T 78 flizs
of, [ RE G B-catenin FINF-k B Sl i, X

S BN MR R JAE SN

4 CagAZ%k B KW BURHLF W55

ARSI L S B 2 28 UFE P Cag AR 11T LA 55 4 i
WEMEAMEAIEN, ShRMRE ML,
IR T CagAZE FATEAEMIBURRIE, (FORAE EDWEA
()48 7~ Cag ABE FATEIR N B & 1 EBAHDCH T 2 B
L Tep e f R U S N AT S E RVATIE Y/ R R 2N
WA 5T Cag AZE 1IN B0 2 -

4.1 CagAFH¥EH. pyloriBGeshYIRIEORE RIS

T H. pylorize % — &M T N E P —380%
JRB, BT DO 0w fE - — B = — 3
KSR F 2588 RIN/INRURYRH. pylori
PEATAHDCBIBEST, EL3RAS T RERS K e /N L
BB, 1N JE#k(Sydney strain, SS1)®”, {H1E
AL WER BREAFIEEM, fiElhTH
pylorife/INEUE TR 7 5 01 FUERGL g T LU R/ )N
R A i ] U0 e e e LA oy B A R . AR EE T/
BUBLAL, S+ BUZ2— ROy AR AR, £
AR RSV - UYL H. pylorifig s 3 H
FE K4 . Honda %5 FI| FHIATCC43504 AR IR YL 5¢
TR, fE24R, EEFE/NSAHI T ZH
1 240 60 /FTT B A 200 B 1) G O A 23 1) e LR,
Pl B 200 B3 B R 46 1 A0 3 i) 1 )] SiE A
[l B T A PE B R AR ik, S
EMEIFEE KB R, TET2RI R T 40%
Q552 v+ RUR EE RS, Watanabe F1 ]
O3B B B R I TN2GFA MR 52 v
B, Fe2efE it i BgHE E 2 . B M ied:, A
B ERLIRX, 62JRT, £437% (1027)H5
Wb U B IRES . ZhengZH ¥ 52 1 £ By
S ARH. pylorikrERERHPATCC43504 FIlfG PR 4355
PEHP161, MEE8JEIT I E 4, H Rl i ] 1 L&
KB RBERBNE, 7E584)52982% (14/17)1)
S EREATEHEE S, JEH18% B/17)H
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SerT v b BB BT I B B RS (AR
BWE, DEBREFEHWERWH pylorits &
[ AUk, BiCagABHMERY R, XWHm T
CagATEH. pyloriBUi L S 30 B g kA fe b & 4%
FAR R EEAEN
4.2 cagA%ﬁ@ﬁJ%ﬂﬁCagABﬁﬁﬁ'f'ﬁﬁa
H T HEBRH. pylorid LB BRI F RS0, R
M Cag AR L FIRFHERNEORALE], F5r 555
FHET cagAFEFER S T5E . BothamZ544
T cagAFEFE R LM | JESZCagARENS K IFE
A% Y Gab (Grb2 #6255 W) Hek T e
TEGabB S TENL T, CagA)Feik RENS I T FL i 1
SHP-2[RITEHCSW, M AR £ 5 g 5 R v 8 20
M Y, 5 Wandler %] F cagA s 35 DA S g
PR A % B Cag ARE WS B4 16 c- Tun 2 K& K Uit 5% i
(INK)F 538 6 11T B0k B 8B4 B 28 (—Fh
AR L SO R T, TH, R MR R
BRI K rasih], CagARBIEIEHHIMRI A= KA
ZE™ Ohnishi%EHENT. T cag A% G FER Y /N RS
CagATE H R IXFEUNRAE 12 B LS F
Y, 27208 £912.8% (28/219)A9/NFUK &
(SRR B IE R, 730h, cagAWJE B FRIK
SIE T H A Z2 A E R =3R40 -
20 M 4R R T R SO, T2 SR I 7.3 %
(16/219) A /N BRUA T AU A6 22 3 1L H11B 200 i 7k L2
i, TR IRZH DN Cag ABETR AL BRI B ) cag A’e B TH
N BB BRI XORTEMFLEIY)
RN N —A B RTESEIE Y] Cag A SR 1Y 3L
FEErE, ML R IR L I Cag A S 1
TESHP-27E B BN 2 B b R A EEN
YEHIE® 3 A Neal A0 1 T cag A 1 [ A BE
AL, CagAT LTS Watfs 5l 1%, S 3(B-
cateninf) S G, KIHFRIEIF A RICagARIBEL
AN & Cag AW R Ab i 280 (1) BiE L5 £ 7 AR |
B b BB e G A, R X AR 2P
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5 LB, CagA 5 KINGENpS3VMFIVEHBER
CIR Y 7N R T S R b B R T <
Cag A M TEMR M Refg i G SHP-2 . Grb2, B-
catenin S5 8 % 117 R 2 A U e kAR BUR B Y
YEH, #t—UESE T CagARYIREE HAFME

5 RE

KW IER T CagAE HFEH. pylori®Uk
R E S, o B R Ak 2 R B IR AL 1Y
CagA#RRE 515 N ZMEEAEAEH], HLFEEE
ZIF AR . ARME A . AN R . ANy
FAAPR T, fe ik b R 40 Mo Bk . BAR X
CagAZR I RIEFIBLEI L X B BURREA T —E
MIIAIR, HZCagATE B i A& Ak & e v i BRI 7R
HPLEAS A RIRERE . BmmkER— 12N
K. ZHBNERE, MHXPHEZEUIEH. pyloril
BT E ERHE G IR R, HAE R
KAWL, EIGEREREE R E4MEE
K. Itk REARAEEE, MiCagAE7E
B B A R R R E TS AR ARG . A4l
1B CagA 5 SHP-2JE (U E AW FEAFE T E
PEB R, XAE S YA RRTEIE SR R
DL K e B 2= 4 1) A A e A g i R rh ke A E A
PERTY . R TE B8 & A & R 45 T T
CagAZE H/EF AT g B BRI KR 2 2 o

BIRCagABON g — R B E YT N7, H
TATAREZAH B FIER, AoFstdiE, ik
ML AT LA S T4SSHEA MG 4 HE T Nod 1-NF-
KB5S, T S A A0 A A S S
A, H. pyloritht v] L3 ik — A1 P 110 0 4
A PN A FEAE I PR T, DAY 3 e s ™
PRt , FEAFIE Cag AZR Y DI RE RS BE 20 37 (1) 7% 18
EWBUREN, NEGEAEZIEHLERFMHEE,
BINZS HREER | INEIHUIRSS SR B 3 Ak R A,
IXFEARE I EL S Y L Cag ASE FIFEH. pylorild
Jead e R ERE



FFHEME | MUEYZEAR, 2016, 56(12)

1827

2 % X

(1]

[2]

[3]

[4]

[5]

[6]

(71

[8]

[9]

[10]

[11]

(12]

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal
A. Global cancer statistics, 2012. CA: A Cancer Journal for
Clinicians, 2015, 65(2): 87-108.

Marshall BJ, Warren JR. Unidentified curved bacilli in the
stomach of patients with gastritis and peptic ulceration. Lancet,
1984, 1(8390): 1311-1315.

Bessede E, Dubus P, Mégraud F, Varon C. Helicobacter pylori
infection and stem cells at the origin of gastric cancer.
Oncogene, 2015, 34(20): 2547-2555.

Parsonnet J, Friedman GD, Orentreich N, Vogelman H. Risk
for gastric cancer in people with CagA positive or CagA
negative Helicobacter pylori infection. Gut, 1997, 40(3):
297-301.

Hatakeyama M. Helicobacter pylori CagA and gastric cancer: a
paradigm for hit-and—run carcinogenesis. Cell Host & Microbe,
2014, 15(3): 306-316.

Yamaoka Y. Helicobacter pylori typing as a tool for tracking
human migration. Clinical Microbiology and Infection, 2009,
15(9): 829-834.

Fischer W. Assembly and molecular mode of action of the
Helicobacter pylori Cag type IV secretion apparatus. FEBS
Journal, 2011, 278(8): 1203-1212.

Tohidpour A. CagA-mediated pathogenesis of Helicobacter
pylori. Microbial Pathogenesis, 2016, 93: 44-55.

Higashi H, Tsutsumi R, Fujita A, Yamazaki S, Asaka M,
Azuma T, Hatakeyama M. Biological activity of the
Helicobacter pylori virulence factor CagA is determined by
variation in the tyrosine phosphorylation sites. Proceedings of
the National Academy of Sciences of the United States of
America, 2002, 99(22): 14428-14433.

Higashi H, Yokoyama K, Fujii Y, Ren SM, Yuasa H. Saadat I,
Murata-Kamiya N, Azuma T, Hatakeyama M. EPIYA motif is
a membrane targeting signal of Helicobacter pylori virulence
factor CagA in mammalian cells. The Journal of Biological
Chemistry, 2005, 280(24): 23130-23137.

Ren SM, Higashi H, Lu HS, Azuma T, Hatakeyama M.
Structural basis and functional consequence of Helicobacter
pylori CagA multimerization in cells. The Journal of Biological
Chemistry, 2006, 281(43): 32344-32352.

Saadat I, Higashi H, Obuse C, Umeda M, Murata-Kamiya N,
Saito Y, Lu HS, Ohnishi N, Azuma T, Suzuki A, Ohno S,
Hatakeyama M. Helicobacter pylori CagA targets
PAR1/MARK kinase to disrupt epithelial cell polarity. Nature,
2007, 447(7142): 330-333.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Nesi¢ D, Miller MC, Quinkert ZT, Stein M, Chait BT, Stebbins
CE. Helicobacter pylori CagA inhibits PARI-MARK family
kinases by mimicking host substrates. Nature Structural &
Molecular Biology, 2010, 17(1): 130-132.

Murata-Kamiya N, Kikuchi K, Hayashi T, Higashi H,
Hatakeyama M. Helicobacter pylori exploits host membrane
phosphatidylserine for delivery, localization, and
pathophysiological action of the CagA oncoprotein. Cell Host
& Microbe, 2010, 7(5): 399-411.

Pelz C, Steininger S, Weiss C, Coscia F, Vogelmann R. A
Novel inhibitory domain of Helicobacter pylori protein CagA
reduces CagA effects on host cell biology. The Journal of
Biological Chemistry, 2011, 286(11): 8999-9008.
Kaplan-Tiirkz B, Jiménez-Soto LF, Dian C, Ertl C, Remaut H,
Louche A, Tosi T, Haas R, Terradot L. Structural insights into
Helicobacter pylori oncoprotein CagA interaction with B1
integrin. Proceedings of the National Academy of Sciences of
the United States of America, 2012, 109(36): 14640—14645.
Buti L, Spooner E, Van der Veen AG, Rappuoli R, Covacci A,
Ploegh HL. Helicobacter pylori cytotoxin-associated gene A
(CagA) subverts the apoptosis-stimulating protein of p53
(ASPP2) tumor suppressor pathway of the host. Proceedings of
the National Academy of Sciences of the United States of
America, 2011, 108(22): 9238-9243.

Tsang YH, Lamb A, Romero-Gallo J, Huang B, Ito K, Peek Jr
RM, Ito Y. Helicobacter pylori CagA targets gastric tumor
suppressor RUNX3 for proteasome-mediated degradation.
Oncogene, 2010, 29(41): 5643-5650.

Lamb A, Yang XD, Li JD, Li JD, Higashi H, Hatakeyama M,
Peek RM, Blanke SR, Chen LF. Helicobacter pyloriCagA
activates NF-kB by targeting TAK1 for TRAF6-mediated Lys
63 ubiquitination. EMBO Reports, 2009, 10(11): 1242-1249.
Backert S, Tegtmeyer N, Fischer W. Composition, structure
and function of the Helicobacter pylori cag pathogenicity
island encoded type IV secretion system. Future Microbiology,
2015, 10(6): 955-965.

Bonsor DA, Weiss E, losub-Amir A, Reingewertz TH, Chen
TW, Haas R, Friedler A, Fischer W, Sundberg EJ.
Characterization of the translocation competent complex
between the Helicobacter pylori oncogenic protein CagA and
the accessory protein CagF. The Journal of Biological
Chemistry, 2013, 288(46): 32897-32909.

Kwok T, Zabler D, Urman S, Rohde M, Hartig R, Wessler S,
Misselwitz R, Berger J, Sewald N, Konig W, Backert S.
Helicobacter exploits integrin for type IV secretion and kinase
activation. Nature, 2007, 449(7164): 862-866.

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



1828

Xiukun Wan et al. | Acta Microbiologica Sinica, 2016, 56(12)

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Jiménez-Soto LF, Kutter S, Sewald X, Ertl C, Weiss E, Kapp
U, Rohde M, Pirch T, Jung K, Retta SF, Terradot L, Fischer W,
Haas R. Helicobacter pylori type 1V secretion apparatus
exploits B1 integrin in a novel RGD-independent manner. PLoS
Pathogens, 2009, 5(12): ¢1000684.

Selbach M, Moese S, Hauck CR, Meyer TF, Backert S. Src is
the kinase of the Helicobacter pylori CagA protein in vitro and
in vivo. The Journal of Biological Chemistry, 2002, 277(9):
6775-6778.

Poppe M, Feller SM, Rmer G, Wessler S. Phosphorylation of
Helicobacter pylori CagA by c-Abl leads to cell motility.
Oncogene, 2007, 26(24): 3462-3472.

Tammer I, Brandt S, Hartig R, Knig W, Backert S. Activation
of Abl by Helicobacter pylori: a novel kinase for CagA and
crucial mediator of host cell scattering. Gastroenterology, 2007,
132(4): 1309-1319.

Mueller D, Tegtmeyer N, Brandt S, Yamaoka Y, Poire ED,
Sgouras D, Wessler S, Torres J, Smolka A, Backert S. c-Src
and c-Abl kinases control hierarchic phosphorylation and
function of the CagA effector protein in Western and East
Asian Helicobacter pylori strains. Journal of Clinical
Investigation, 2012, 122(4): 1553-1566.

Higashi H, Tsutsumi R, Muto S, Sugiyama T, Azuma T, Asaka
M, Hatakeyama M. SHP-2 tyrosine phosphatase as an
intracellular target of Helicobacter pylori CagA protein.
Science, 2002, 295(5555): 683-686.

Tsutsumi R, Takahashi A, Azuma T, Higashi H, Hatakeyama
M. FAK is a substrate and downstream effector of SHP-2
complexed with H. pylori CagA. Molecular and Cellular
Biology, 2005, 26(1): 261-276.

Higashi H, Nakaya A, Tsutsumi R, Yokoyama K, Fujii Y,
Ishikawa S, Higuchi M, Takahashi A, Kurashima Y, Teishikata
Y, Tanaka S, Azuma T, Hatakeyama M. Helicobacter pylori
CagA induces Ras independent morphogenetic response
through SHP-2 recruitment and activation. The Journal of
Biological Chemistry, 2004, 279(17): 17205-17216.

Naito M, Yamazaki T, Tsutsumi R, Higashi H, Onoe K,
Yamazaki S, Azuma T, Hatakeyama M. Influence of EPIYA-
repeat polymorphism on the phosphorylation-dependent
biological activity of Helicobacter pylori CagA.
Gastroenterology, 2006, 130(4): 1181-1190.

Miura M, Ohnishi N, Tanaka S, Yanagiya K, Hatakeyama M.
Differential oncogenic potential of geographically distinct
Helicobacter pylori CagA isoforms in mice. International
Journal of Cancer, 2009, 125(11): 2497-2504.

Satomi S, Yamakawa A, Matsunaga S, Masaki R, Inagaki T,

actamicro@im.ac.cn

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Okuda T, Suto H, Ito Y, Yamazaki Y, Kuriyama M, Keida Y,
Kutsumi H, Azuma T. Relationship between the diversity of the
cagA gene of Helicobacter pylori and gastric cancer in
Okinawa, Japan. Journal of Gastroenterology, 2006, 41(7):
668-673.

Ferreira RM, Machado JC, Leite M, Carneiro F, Figueiredo C.
The number of Helicobacter pylori CagA EPIYA-C tyrosine
phosphorylation motifs influences the pattern of gastritis and
the development of gastric carcinoma. Histopathology, 2012,
60(6): 992-998.

Vaziri F, Peerayeh SN, Alebouyeh M, Maghsoudi N,
Azimzadeh P, Siadat SD, Zali MR. Novel effects of
Helicobacter pylori CagA on key genes of gastric cancer signal
transduction: a comparative transfection study. Pathogens and
Disease, 2015, 73(3): ftu021.

Selbach M, Moese S, Backert S, Jungblut PR, Meyer TF. The
Helicobacter pylori CagA protein induces tyrosine
dephosphorylation of ezrin. Proteomics, 2004, 4(10):
2961-2968.

Selbach M, Moese S, Hurwitz R, Hauck CR, Meyer TF,
Backert S. The Helicobacter pylori CagA protein induces
cortactin dephosphorylation and actin rearrangement by c-Src
inactivation. EMBO Journal, 2003, 22(3): 515-528.

Moese S, Selbach M, Brinkmann V, Karlas A, Haimovich B,
Backert S, Meyer TF. The Helicobacter pylori CagA protein
disrupts matrix adhesion of gastric epithelial cells by
dephosphorylation of vinculin. Cellular Microbiology, 2007,
9(5): 1148-1161.

Suzuki M, Mimuro H, Suzuki T, Park M, Yamamoto T,
Sasakawa C. Interaction of CagA with Crk plays an important
role in Helicobacter pylori induced loss of gastric epithelial cell
adhesion. Journal of Experimental Medicine, 2005, 202(9):
1235-1247.

WROMED . T THRFT B8 Cag ASE 1 4% o- M It R K AU BIL AR 67
MRAAH L2 A8, 2014,

Amieva MR, Vogelmann R, Covacci A, Tompkins LS, Nelson
W1, Falkow S. Disruption of the epithelial apical-junctional
complex by Helicobacter pylori CagA. Science, 2003,
300(5624): 1430-1434.

Churin Y, Al-Ghoul L, Kepp O, Meyer TF, Birchmeier W,
Naumann M. Helicobacter pylori CagA protein targets the c-
Met receptor and enhances the motogenic response. Journal of
Cell Biology, 2003, 161(2): 249-255.

Mimuro H, Suzuki T, Tanaka J, Asahi M, Haas R, Sasakawa C.
Grb2 is a key mediator of Helicobacter pylori CagA protein
activities. Molecular Cell, 2002, 10(4): 745-755.



FFHEME | MUEYZEAR, 2016, 56(12)

1829

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Suzuki N, Murata-Kamiya N, Yanagiya K, Suda W, Hattori M,
Kanda H, Bingo A, Fujii Y, Maeda S, Koike K, Hatakeyama
M. Mutual reinforcement of inflammation and carcinogenesis
by the Helicobacter pylori CagA oncoprotein. Scientific
Reports, 2015, 5: 10024.

Murata-Kamiya N, Kurashima Y, Teishikata Y, Yamahashi Y,
Saito Y, Higashi H, Aburatani H, Akiyama T, Peek Jr RM,
Azuma T, Hatakeyama M. Helicobacter pylori CagA interacts
with E-cadherin and deregulates the B-catenin signal that
promotes intestinal trans-differentiation in gastric epithelial
cells. Oncogene, 2007, 26(32): 4617—-4626.

Wan XK, Yuan SL, Tao HX, Diao LP, Wang YC, Cao C, Liu
ClJ. The upregulation of TRAF1 induced by Helicobacter pylori
plays an antiapoptotic effect on the infected cells. Helicobacter,
2016, doi: 10.1111/hel.12311.

10— B, (—) FoxMITE YT TR B AH G 15 988 rh B VR B HAL
il (7)) miR-146a7E 5540 M T B9 77 SRR
IR R 2R 3, 2013.

Franco AT, Israecl DA, Washington MK, Krishna U, Fox JG,
Rogers AB, Neish AS, Collier-Hyams L, Perez-Perez GI,
Hatakeyama M, Whitehead R, Gaus K, O’Brien DP, Romero-
Gallo J, Peek Jr RM. Activation of B-catenin by carcinogenic
Helicobacter pylori. Proceedings of the National Academy of
Sciences of the United States of America, 2005, 102(30):
10646-10651.

Suzuki M, Mimuro H, Kiga K, Fukumatsu M, Ishijima N,
Morikawa H, Nagai S, Koyasu S, Gilman RH, Kersulyte D,
Berg DE, Sasakawa C. Helicobacter pylori CagA
phosphorylation-independent function in epithelial proliferation
and inflammation. Cell Host & Microbe, 2009, 5(1): 23-34.
Lee A, O’Rourke J, De Ungria MC, Robertson B,
Daskalopoulos G, Dixon MF. A standardized mouse model of
Helicobacter pylori infection: introducing the Sydney Strain.
Gastroenterology, 1997, 112(4): 1386-1397.

Honda S, Fujioka T, Tokieda M, Satoh R, Nishizono A, Nasu
M. Development of Helicobacter pylori-induced gastric
carcinoma in Mongolian gerbils. Cancer Research, 1998,
58(19): 4255-4259.

Watanabe T, Tada M, Nagai H, Saaaki S, Nakao M.
Helicobacter pylori infection induces gastric cancer in
Mongolian gerbils. Gastroenterology, 1998, 115(3): 642—648.
Zheng Q, Chen XY, Shi Y, Xiao SD. Development of gastric
adenocarcinoma in Mongolian gerbils after long-term infection

with Helicobacter pylori. Journal of Gastroenterology and

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Hepatology, 2004, 19(10): 1192-1198.

Botham CM, Wandler AM, Guillemin K. A transgenic
drosophila model demonstrates that the Helicobacter pylori
CagA protein functions as a eukaryotic Gab Adaptor. PLoS
Pathogens, 2008, 4(5): €1000064.

Wandler AM, Guillemin K. Transgenic expression of the
Helicobacter pylori virulence factor CagA promotes apoptosis
or tumorigenesis through JNK activation in Drosophila. PLoS
Pathogens, 2012, 8(10): ¢1002939.

Ohnishi N, Yuasa H, Tanaka S, Sawa H, Miura M, Matsui A,
Higashi H, Musashi M, Iwabuchi K, Suzuki M, Yamada G,
Azuma T, Hatakeyama M. Transgenic expression of
Helicobacter pylori CagA induces gastrointestinal and
hematopoietic neoplasms in mouse. Proceedings of the
National Academy of Sciences of the United States of America,
2008, 105(3): 1003-1008.

Neal JT, Peterson TS, Kent ML, Guillemin K. H. pylori
virulence factor CagA increases intestinal cell proliferation by
Wnt pathway activation in a transgenic zebrafish model.
Disease Models & Mechanisms, 2013, 6(3): 802-810.

Azuma T, Yamazaki S, Yamakawa A, Ohtani M, Muramatsu
A, Suto H, Ito Y, Dojo M, Yamazaki Y, Kuriyama M, Keida Y,
Higashi H, Hatakeyama M. Association between diversity in
the Src homology 2 domain-containing tyrosine phosphatase
binding site of Helicobacter pylori CagA protein and gastric
atrophy and cancer. Journal of Infectious Diseases, 2004,
189(5): 820-827.

Viala J, Chaput C, Boneca IG, Cardona A, Girardin SE, Moran
AP, Athman R, Mémet S, Huerre MR, Coyle AJ, DiStefano PS,
Sansonetti PJ, Labigne A, Bertin J, Philpott DJ, Ferrero RL.
Nodl responds to peptidoglycan delivered by the Helicobacter
pylori cag pathogenicity island. Nature Immunology, 2004,
5(11): 1166-1174.

O’Brien DP, Israel DA, Krishna U, Romero-Gallo J, Nedrud J,
Medof ME, Lin F, Redline R, Lublin DM, Nowicki BJ, Franco
AT, Ogden S, Williams AD, Polk DB, Peek Jr RM. The role of
decay accelerating factor as a receptor for Helicobacter pylori
and a mediator of gastric inflammation. The Journal of
Biological Chemistry, 2006, 281(19): 13317-13323.

Alzahrani S, Lina TT, Gonzalez J, Pinchuk IV, Beswick EJ,
Reyes VE. Effect of Helicobacter pylori on gastric epithelial
cells. World Journal of Gastroenterology, 2014, 20(36):
12767-12780.

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



1830 Xiukun Wan et al. | Acta Microbiologica Sinica, 2016, 56(12)

Advances in CagA protein and CagA-mediated pathogenesis of
Helicobacter pylori - A review
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100071, China

Abstract: Helicobacter pylori (H. pylori) is a strong risk factor for gastric disease ranging from chronic gastritis to
gastric cancer. But the mechanisms underlying the pathogenesis of H. pylori are still not completely understood.The
cytotoxin-associated gene A (CagA) of H. pylori, an important virulence factor and the only bacterial oncoprotein, is
extensively studied. CagA is delivered into gastric epithelial cells via type IV secretion of H. pylori. Upon delivery,
CagA perturbs multiple host signaling pathways by interacting with the host signaling molecules, resulting in
cytopathic effects and subsequent cell transformation. Some animal experiments also provide in vivo evidence for the
oncogenic capacity of CagA. In this review, recent advances in the structural property, delivery manner and
pathogenesis of CagA are summarized, which we hope could better explain the CagA-mediated pathogenesis of

Helicobacter pylori and provide directions for the future approach.
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