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ABSTRACT.

Helicobacter pylori (H. pylor) infects more than half of the people in the world as a major

microbe to cause most of gastric diseases. Recently, cytotoxin associated-antigen A (CagA) is believed as
one of the most important virulence factors of H. pylori. Molecular toxicological pathway of CagA is neces-
sary to investigate for understanding the pathological and toxicological aspects of H. pylori, since this viru-
lence protein harasses intercellular processes of host cells to get profit for the survival of H. pylori. CagA is
coded from cag pathogenicity island (cag PAl) and translocated into host cells by Type 4 secretion system
(TFSS). Tyrosine phosphorylation of CagA targets Src homology 2-containing phosphotyrosine phos-
phatase (SHP-2) to form a CagA-SHP-2 complex. This complex depends on the similarity of sequence
between EPIYA motif and Src homology 2 domain (SH2 domain) of CagA. The generation of growth fac-
tors is an essential role of CagA in protecting and healing gastric mucosa for the survival of H. pylori. On
the other hand, the activation of IL-8 by CagA induces neutrophils generating inflammation and free radi-
cals. Indeed, free radicals are well known carcinogen to induce DNA damage. In addition, the transduction
of mitogen-activation signal by CagA is one of the interesting features to understand how to cause cancer.
The relationship between cancer and inflammation with CagA was mainly discussed in this review.
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2 37 AN He AL olEY
2= 50% oldolx, g 9 dE SA M= AY
80% ©olielH(Maeda er &/, 1998; Ito et al, 2000;
Ko and Seo, 2002), o]2 Tu|¢o} o]Eo] WArT)=
A (gastritis), 234 A FHpeptic ulcer) :Lah ok
$H%(gastric carcinoma) & ¥

§Ee) Uil £3l FE NSV WATE Bl
U A pyior] S W PAL 24 539 A

:LF/]I H. pylori AA| 7% A

£H, = f3<
5)\61 vl Ao F2HEH, o § H pylor & #4
o}

A BAO R oprlElE A1E H pylorn 7t AYE f3A
oM 53] Ao 7dgta FAEE FRAAE 9
Folt}. ojF vl Zelo ArHI = H pylor W
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2 =YY 9AXE cag PAllcag pathogenicity
islandi= CagAlcytotoxin associated-antigen A}E 1]
3t B AAEC] dEdteiH, ol WA AAES
agrobacterium®] secretion system3} A< FA}SE
Type 4 secretion system(TFSS)E B34 AE U= F
dEote o) g8 tHSegal et al, 1999; Asahi et
al, 2000; Backert et a/, 2000).

CagA= MIE Ul A% Ad(signal transduction}s I
el H, FHAHCEE 5 Ax F R IS
7IAA "ok, 2 A HAZ), growth stimuligs e 7%
o]21(De Freitas et a/, 2004), 5= interleukin-8(/L-8)
9] A} EZXo|tHCensini et al, 1996; Akopyants et
al, 1998). 53] & 23} AHAME H pylor ¥
7ol 912 Adl= CagAe AE9] 448 A7]1=T
Foqghe] B3 FHA(De Luca et g/, 2003), 3] A|X
1Y ASE Y3 AZvke o] deixitHMeyer-ter-
Vehn et al, 2000). CagA7} I-89] AALE 8433} Al7]
71L& AFHoR Hutd dFS Yot o] dF
sk AY 2 A4 9 (atrophic gastritis) 52
o WAspl Hed, olZe] WS o Ao
=% neutrophil 59 ¢l3ll A= free radicals
oly, olZ A3t M=o &4 F f3igel daix=
1o A7t AAF U}, Fig. 19l ol#d AHe] &
HAUSS BAER 7hs] JeRAI. & SrolA
. H pylori & F23 HYA AR CagAgt o= <l
3 dojuhs AIE U] wgkst #d Ade) mAYES £
A5AEHE SHAA oldIFeZM, H. pylori o] F3173
2 7]e} A HEEY] fade ddsked o] #AA
¢l 7)&o] B HYA <lxKvirulence factor)e] =847}
e Aol ot ¥ X8yE dsked E4ErbE

)
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Infection of H.pylon l
Activation of
neutrophils Virulence factors N Celi cycle
and €| roguate signai 14 promotion
macrophage transduction
Inflammation > Cancer

Fig. 1. The toxicologic influence of H. pylori infection in
vivo. The translocation of virulence factors into the host cells
induces the promotion of cell cycle and the activation of
neutrophils and macrophages. Inflammation by the immune
responses generates ROS or RNOS causing the celiular
damages and cancer.

HAVEE =5 2 280 9},

CagA2| HalM

H. pylori = CagA®] f-5l W=t H. pylori & CagA*
9} CagAZ W& 4 Jr}b. CagA*e CagA Hu}l HYA
o] B Bo|] AT AARH, o|¢} AHst B2 A
T AFEso] B HAUTE g @ P AH§ CagA’
strainel] 28 Zrg2 A9 80% °©)delH(Maeda et 4,
1998: lto et &/, 2000; Ko and Seo, 2002), ©l&
CagA*' strain w]=3} B]usle] & uwff gh=tol|Afe] 44
F(gastric adenocarcinoma) A°1x% A% duodenal
ulcers)e] 2 flele g FEHTHMighlke et af, 1996).
Iy cag PAI'7Y E% whg-e] i XY= E3)
3 oM A FAHCA 80% oo AEES B
ol CagA” AHZ= EF Wheo] & 92 vRAA &
&} (Akopyants et 4/, 1998), ¢ A= 7ol #3 A+
AlA 2318 cag PAI RS EEE0] Hojxh
(Kiltz et af, 2002). CagA7} ©12A|, AhtEls AF Az
Eol Yo olf2= WA cag PAI 4] fAA]ollA, T}
“d(polymorphism)e]l e |71 B8 2 55 AE(host
celle] FA4 58 o] R&EQ AOE AAZY, Hgh
CagA°ll &418k= tyrosine <14H3} #-9l(tyrosine phos-
phorylation site}e] & 2 QI4ksl AE=E Qls] 54 =5
AEZeo] SHP29} AFsle= 3 Aolrt yeRdt)
=, SHP-29} complexE &rht Bol, 223 2 P
F Jde7 Aol o]F9 Rho activation @ MAPK
pathway 5 4Al% Ag AAl F= dFHS =24 g
t}. CagA-SHP-2 complexoll &3t |L-82] £H] 318 A
¥ HEE F7HA feA EF W8-S VM7=
A Fsh, o] o] AksHA AE#X(oxidative stress)
off &g W= FES ot Bt ofe}, Caght F =
1= A4 Q1A 84T FEbo] =(growth factorlike peptide)
o] He 9 Hue HS | B Fosted H pylori
7 st g AP A =E2EHe AE e 98
T3, H pylori®] AE g AE D HY gl 7R
oz & JFge Foha AAZ. ofF FA gl wet
=32 oy, H pylon 7t 919 #EE FAde) do3)

[*]

£ #4¥ AHvirulence factor)d-> B3t ol#is W
AL =5 Alxe] | 28 3 B4 add oJsiA
z49 F& v

CagAc| =X S§3

CaghAe C-terminal F-%ll 34-amino acid sequence
g JHEH 02 AUE tyrosine A4k £9E AU Q)
t}. o] W&ol 2 A7]E 120~145 kDa7kA] thFsHAl L}
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ERdtHKarita et a/, 2003). ©] tyrosine 14+ H9=
Fx2 REFHY gy HEelel= AMHl Glu(E)-Pro(P)-
lle()Tyr(Y}Ala(A}YE 7FAaL 9171 af#oll EPIYA motif2
BtHHigashi et a/, 2002; Stein et al, 2002;
Hatakeyama, 2003). ©] #9 W<} tyrosine®] c-src, lyns
Src family tyrosine kinasesol] 2JiA Q14ks}l Fo] FHE)
A Wyt dejupa] SHP29] SH2 domain(Src homology
2 domain} A3tk Higashi et a/, 2002; Stein et
al, 2002; Yamazaki et al/, 2003). SH2 domaine C-
terminal® N-terminalel] 3 Ea5t 2tz C-SH2
domain, N-SH2 domainel2tal B>t} Fig. 2(a)s &

(a) a
Consensus motif
for N- and C- P
SH2 domain of SHP-2 ()., () V, (X)

EPIYA motifs

« N N
EPIVA- A (E) [P JORS (;ti) &
erva.8(8) P (U= 105 a) K

°)

erva-c (&) [P (D)~ ) 0

eriva-o(E) (P 1)~ )

=@

©®

o)
Western CagA {;PW& motifs > tone
| o
NK,
e
East Asian CagA )
NH, ‘;a:f?fs g8 D coon

Fig. 2. The characteristics of EPIYA motifs. (a) The consen-
sus sequence of EPIYA motifs and SH2 domain of SHP-2.
The consensus sequence in each C-terminl and N-terminal
of EPIYA motif and SH2 domain plays an important role to
form the complex of CagA, virulent molecule of H. pylor,
and SHP-2 (CagA-SHP-2 complex), which might modulate
the intensity of virulence (pY; Phosphorylated tyrosine, X;
any amino acid). (b) The diversity of EPIYA motif showing
differently according to eastern and western (Hatakeyama,
2003). EPIYA motif is in C-terminal of CagA taking a half of
CagA. EPIYA-A or EP!YA-B motif is highly conserved
regardless of eastern and western. The diversity of CagA
between western patients mostly depends on repeated
grades (0~4). TPM-C is detected at below 20% of total
CagA and EPIYA-D is detected mainly in Japan or Korean
(Hatakeyama, 2003; De Souza et al., 2002).

o] Bk EPIYA motife] typezte] 3elol= FAMIS
HoAETh F23 fAML T 120t A%siA B
PAel= 2L =9 CagA-SHP-2 complexE ©]¥ SHP-
2°] phosphatase 98-8 @43} A|7it}h. 2 99 e
71%%& adaptor protein2] gab proteino} & Aoz
CagA= ©l2]3F gab protein®] mimiceg g 3t}
{Hatakeyama, 2003). ©]&{gt 715& 37] S8 2%
Zo] ¥lZ Fig. 29] EPIYA motife]t}. EPIYA motife] &
F= A, B, C, D% 4F77F AtHFig. 2(b)). EPIYA-AS}
EPIYAB= EE CaghAol A=z HEHS =73y
EPIYA-C= 2 AMYAoM A8 CagAolA] LAwH
(Hatakeyama, 2003), o]A 2] k=] 2J8§A CagAel o}
@74 (polymorphismje]l ZAAEH izl A== AA
"ot 2 sk 2 Y& T oA oRRIeA A E Caghs=
EPIYADEZ= 5% +25 7F7|% dtHHatakeyama,
2003).

Type 4 protein secretion system-CagAe O{9H =F
M=Z= 3E5=7}

HEd QAL S5 Axd AT, S AEZF
B 2hle] 238 gishr] feire ¢8R 5 A
Fo| o] A2’lE 543} AlA0L gttt &, WY QX
=& o] o] Al&EE FEINTT] S deks NEs
A AT, o9k #H@sKA H. pylor A ME w@e] &
Aoz, yeg 23 o] vlE o) CagA EA=
AXE HZE FYAr171e Bloltt. o] " agrobacterium
tumefaciens®) TFSS9t Al §-Al3iTH

- T

CagA-SHP2 complexe] &4 % Ras, RhoE S8t
5 mgt

CagA7t AEAZ FYPYL U CagAs B2} -89
B4 g AE W2 AR o]FshA drhFig. 3). ©]
F4 Zol| SRC protein(tyrosine kinase)ell €3] EPIYA
motif7} 21243} =|3(Asahi et a/, 2000; Tsutsumi et
al, 2003), |22 SHP-2 phosphatases}t E&A| S o) &
A At 3714 PEolzl Bl oF 120~145 kDa 4
Z9 A71E AdriHigashi et a/, 2002; Yamazaki et
al, 2003). o] CagA-SHP-2 B3l phosphatases] &
AL 7T olEjd S0 = <lE] RTK 59 dude
g 23l AlA Als AP Ao Hgke F3(Puls et
al, 2002), °] & 43}t #AHL Ras, Rho @A 04
Aol #qstA "ok SHP-2 phosphataseel 93+ A5
Ad FolA & e #E& mitogenic signalinge]th.
& c-Met receptor{tyrosine kinase receptor®} U=)
dA A AAE AX|Fl Mz Y 458 EUA o
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Fig. 3. The toxicologic and pathologic mechanism of CagA.
CagA, phosphorylated by src kinase, forms CagA-SHP-2
complex. This eomplex activates the transcription of IL.-8 as
growth stimuli and actin polymerization as the hummingbird
phenotype. The transcription of IL-8 leads neutrophils to
host cells. Reactive oxygen spacies (ROS) or reactive nitro-
gen oxide species (RNOS) often invoives cancer by induc-
ing directly DNA damage and protein modification. Specifically,
most of gastric cancer developed in gastritis by the chronic
infection of H. pylon, undergoes this pathway (Naito and
Yoshikawa, 2002; Hatakeyarna, 2003; Seo et al,, 2004).

=, °l& "tk 4 F9 shrt gab family2]
adaptor proteine}™ CagAs ©] gab®l mimicol?] ©&
of gab ™Al SHP-2% complex® ©}2024 c-Met
receptorg &3] AE ME7} ¢l wdx o)Fe) M
A A AAE B3 ALEHA AL FA gHChurin
et al, 2003; Hatakeyama 2003). oj#& AE 2Ee=
Ras protein®] -5 wle} mitogen-activationo] ThE
Al vreRdtHCraanen er al, 1995). el Rhool H]
o)EHl uhh o g MAPK pathway® £8) M2 23} A
ZE Axo) Hills AR 7lge) BdA7)% gk

Cytoskeletal Rearrangement

CagA®l Y& A8 o8 Neural Wiscott Aldrich
syndrome family protein{N-WASP)®F ARP2/30] com-
plexg olF& A% Ag I Hodsled actin cyto-
skeletal rearrangement® Yot} & Caghvt F9U5
o] SHP-2 phosphatase® @448 Al7]3. o]Re] Rho
family?] T Z(CDC42/RAC 512 43 AA, cell
elongation, cell spreading, filapodia ¥ lfamelipodiag]
& A B9 cytoskeletal rearrangement® &318
ZAoR AAATHChurin ef 3/, 2001). o}&A sk AE

A A= A EY TRFEE HGF signale] 93] C-Met
receptor’t 48 HAE el 22 Fulz vehdd,
ol CagArt $12] pathway$] F7tel #oisk= adaptor
protein®] mimic2® 2hg-5kr] o] ofyjs Ato]
tHHatakayama, 2003).

o€ A cytoskeletal rearrangement® YovlE AL
H. pylori ¥xre] o2} ThE intracellular bacteriadiAl =
W ZaS H pyiod o -8 9= 9] e B3
olFslodot 7] wiie] TER wddt W (flagellumE
AYAL SIEk. H pylori 2] actin rearrangements &
gt flagellume] AQ 2 AT grh} "o w Bz
82, pedestaly BA3h=AE ZAF). Cytoskeletal
rearrangement?] 8 210l ARP 2/3 complex:s N-
WASP 3l ®9 gl dso] Zitsle] BEAE o]Fe] &
%t s o182 actin filamenell EolA G-actine]
Factine.@ #&spA s}, &, vpx UEot i) 2o
YERE actin cytoskeletal rearrangement’t dojuls
o T4 A8E vk £, #HolE Ras vl ool v
Ao ® el ¥A4HA ¥h3{morphogenetic response)
of g 4 Sdvhs Abdo] WEXZIE FYrHHigashi et
al, 2004).

e

CagA and Host-Microbe Reaction 1. &5 Ht23
it

W vidEEe] A AYsA =Hu MR /718
7 E pathway®E weba] 29 e A 2%
#Hoh 2 A #HA 7t innate immune systemeol 3, F
7} acquire immune systemeo]th. 74 Z2A7]e] 2R
2] Hgdl qFgsks H@e A7 B2 innate immune
systemelr, o] systemoliA dohibs M I o=
FE, neutrophil, macrophage’t FEshs 4F 2%
{phagocytosisje] Ut} H pylori 1 el 53] 99
BF A4 FodAA BEse 29 gEo] Caghtt
ZHAYE upregulate A) ]%} -8 neutrophM #AE
zZus) 2 "ar) o

CagAell 2/%t A3 8Hg-2 |1-82] BH] Z71E BEa)4],
neutrophil ¢ WY AEXE &4 958 Yo7 714
28 2 4eA Uk CagVt AlE W2 #3059 MAPK
pathwaygE &3t 414 Age] dojdrtiFischer et al,
2003). ©] Ao AA} 2Pl NF-«Binuclear factor
kappaB) ¥ AP-1& 2438} 3o, iL-8¢] HAE HHsl=
g2 S (Naumann er a/, 1999; Audibert er af,
2001; Nozawa et a/, 2002; Seo et al, 2004), ] iL-8
& chemotaxis® 2M-8lY neutrophilg 58k o1&
2 FHHFig. 4).

'z
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® H.pylori
CagA

Rho

Fig. 4. The signaling pathway of CagA-involved inflamma-
tion by H. pylori infection. IL-8 is activated by transcription
factors AP-1 and NF-xB in Rho signaling pathways. The
activation of neutrophils by IL-8 induces inflammation. Free
radicals, generated in inflammation process, cause dam-
ages of the cellular proteins, lipids, and DNA (Naito and
Yoshikawa, 2002; Naumann et al., 1999).

Helyre) 7+ Z7]9E neutrophile] #Aste}l o2

g o] Fgo] F=ex|A YERITE Neutrophile] &
a7 =W AlEZEF Uil 9= NADPH7F &4 3tke]
A

olol] o] AbA Ex}7} AAZ W} free radicale A
sl Et} ol52 AlZ o Z wild, AE, B &

AR} HHE5te] o] ES EUYAA FES sl gt
ol dZFe WAL H pyloricl 9% AW bE F
Q3 g9lo7 Y 2 oleyA] AS, AsH(intestinal
metaplasia), L8] ©]¥/dZ(dysplasia)le]l @EE =+ 3

phils f=3A == o] 282 3%
g gk 3P, Aolx X
Z7M1717] wigel 1 Axrt o AsiAs e Azt
o olgst 9= W& H pyorol 98 FE% neutro-
phils} o]ol] tigh B gl o] wiFUFo] &5 ML) &
A gl wet 7 g3t oE 0= Hof Xtk

o
ﬁ
=2
2
=)
1
>‘
m
&
}.
il

CagA and Host-Microbe Reaction 2. Mitogen Activa-
tion, DNA Damage, and Cancer

H. pylori ol &3k o] A4 713 thgel 7 74 ¥
do2 a9k & k. A HAlE MAPK F Al £3}o|
Foste AE Azl FEFe Fol AX F715 FIAM7
= oy, SxlE O AFI H pylon 7t FEER=E
L-89] &Aooz Z=A¥ neutrophilsel ¢J8) ROSY H&k
S ¥h= Zolt}. CagAd] &g doyjet #ojdke 3o
2 g Ax F7] F3 AAE Adske 71-ES CagA
7} A% Aol Fodshs adaptor @21 Gab protein

—_—

mimicS-Z(Hatakeyama, 2003), Al&3ste] Alx £E 4l
35 o By £ S 9ngitt. A<, CagAd] #4
Al o= mitogen-activations} 1L-83} ZHE MAPK
cascade®] A% cell signaling pathwayel] thgh A4
7b el A, CagAdt #HHE AE ALE UNK,
ERK 5 &% pathway’t d#Eo] dgol Lzt
(Meyer-terVehn et a/., 2000).

CagA®] radicaldll ¢|gt F&2 A FANX #ASEE =
& %9 8hydroxy-2-deoxyguanosine(80HdG)e] &
A7} o]F ZEHa|EcHFarinati et 4/, 2003). 80OHdG=
reactive oxygen metabolitesell ]3] A4d¥ DNA &4
o] & HelE H pylori strain FX B3| CagA* H.
pylori 7F WiFE MEZEAA o] 8OHdG-levele] = &
A = AcHFarinati et a/, 2003). °1= H. pylori &) gt
7o) o8] AAE free radicalo] DNA €748 s}
3, B9l MAPK cascade 59 AZEEAE &35
S84 cell cycle arrest?] $8-& 9FsiA7|aL A
2 172 &4 US TIEseEA ko] fAde]
zold 7S g AAR HEY AFE F3IA
H. pylori & F-ER systemellA ROSe ol dojut
£ DNA damage® M F71& xdske AAR] pb3,
TGF-RII, IGFIIR 5ol Sold o=z ofito] Ueix U
(Choi et a/, 2002).

ZZ ROS ® ofjz}l RNOSE & #AL W Qi)
E3] nitric oxide?] FZAE2 mucosal inflammatory
responsedlA] %823 modulator® ¥ElA UL IL8
oyt cell signaling system} ZHHsle] B2 #H4S vt
3 Qe Bokelth. 2y A pylori ] CagAst HE
RNOSe g3l frs= 953 dolxe 45 2871d
of it Hok= AlZdAlel ol & o B A7t X
Elojob & o2 Azteth,

ox 4

& W MY

H. pylori 2] 29 212 CagAv= H. pylori 2] DNA &
71 M8l cag PAI 1914 FE] type IV protein secretion
system(TFSS)E E31 CagAE 59 MEAR FYA
1t} olgA FU% CagAte Srcoll <3 <liks} = o],
SHP-2 complexst 2¢e = A& ezl Bt} CagA-
SHP-2 complex phosphataseZ ©]%9] M X A&
23 ot o33 s Ao Avpes A Al KA
2 993 B 4 Ut} AA, CagAs ARP2/3 complex
9] Mg £RAHAXM cytoskeletal rearrangementol] €]
) %F AEZE hummingbird phenotyped 7Fx7A g
. o] Z&l A" lamiopodia 2 filopodia: H.



184 B. J. Kim et al.

py/on 7t flagellum< 2
F2Em, I83% 528 &5 "ﬂiiﬁ—a %—’Fﬁ}—‘&tﬂ
{,—Rﬁl AES & Zoltk. B4, neutrophil 5 AlEA
o JAES F=she IL8 2 TNF 59 #AlE &= ’5}"4
RS dogit)h o] AF WS H pylor o 23|

9] 7|27} He o', ol ¢ &2
7 2 7ol Euh mIRIYe® CagA
o #A3h= signaling pathwayE 233,
A}, web C89A°ﬂ s &3 A2
Soll ©J3 DNA damage 2 ZAlE A ZEG &3]
A= o8l o] dhgol HodFict,
gdoz FEaol & o] ulE free radical(ROS,
RNOS F)ll &gt Alsa @43} 7143 CagA A7}
TESAl He AlE 2E7te] Aszgolrt. o] Bzt
AzAYe] cross-talks 53] cell cycle arrests} 7ko)
AR HEEE fAE 918 genomic guardian
systems ITAZ|ZL, free radicald] &Jst dzF &4
Zo]) p53 53 & grEof FAAe] EHHo|E Q) o 7]
A Ho32M AR oz &4E DNAY &40) 2715w
2ot fdAdo] Fold Aoz 22HEr)

A7 AHE CagAvt ob7|ehe B EA487 =g
7N1AE Atk AL wg Fed doth zE M
pylori o} M4 AR CagAd] £F Axo) tist g3}
HS AAske = UE 2919 £F] $HA vk o
Al g A1 olgsh=) %J*’F@.% FEolth. weba
sfo el A= Cagh7t &5 Azt =4sHd | wa)g)
Hog ol AANE 7IKER adga &5 HIE Favas
7F ROS9| ti§-3hz 589 Aol oo 2= 79|
S5 X F3178 828 9 sk Hashs Ao
H. pylori &) &2 52488 28 ola)sla 1 SaldL
wasi, o Yooy A pylor BE Arge] ot 2 X8
o dxF F e o] & Aoz Amdr).

E

M do of
o Mool
o i,
rir
Tobd o
ng 1% ﬂn

Hg Hd
glo M

M X
- H

O
2

Lo

HAlel 2

2 d7= &R Eco-technopia 21 project(2004-
09001-0025-2) =A<} =kt Medical Research
Center(R13-2004-020-01004-0)0]) 2]t Sl =) &)t}
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