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Abstract

The iceA gene has been recently identified as a
virulence-related gene of Helicobacter pylori (H. py-
lori). The expression of iceAl is up-regulated in H.
pylori contacted with epithelial cells. The iceA1 gene
shows a significant homology to the nlallIR gene
of Neisseria lactamica, which encodes a Nlalll-like
restriction endonuclease. iceAl-positive H. pylori
strains enhance the expression of inflammatory
factors in epithelial cells and are closely associated
with the severity of gastric mucosal inflammation.
In some strains, the iceAl gene may be inactivated
due to frame shift, or replaced by iceA2. The strains
from Asia and Africa mainly express the iceAl,
while iceA2 is predominant in American strains. H.
pylori strains from Europe show genetic affinity to-
wards both Asia and Europe strains. This pattern of
geographical distribution of the H. pylori iceA1 gene
possibly reflects different disease profiles of differ-
ent geographical regions.

Key Words: Helicobacter pylori; iceA; Virulence

Huang JJ, Zhan SH, Dong QJ, Dong KX. Characteristics
of geographical distribution of the Helicobacter pylori
iceAl gene. Shijie Huaren Xiaohua Zazhi 2011; 19(29):
3058-3063

mE

fce AR BRI R K I —FF dy 1T3FAFH
(Helicobacter pylori, Hpylori)# /148 % 3 B .
Hpylori5 B 5518 L & 4% fik s T 5| #eiceAl &
A &k LR, %A B SnlallIR % A (1L T 5L
AZKE) LM, LB EG R T 9
A A NIlallIRA FR4) AR BR W Dol & M. AR
KA, iceAITRTETA BRAR 5] AL b A 2m e Kk B
TAREKFNG, 5F R EREGLER
%W, X RH pylori Ak PiceAl 3 B T B
BEMEASR T Mk EREWiceA2 R AR,
R A e Bk T2k kiceAl XA, £
MR EN VhiceA2 % I, mBM dgiceAR R 5
I3 Fe £ 0 B AR B ARIAE. H pylori iceAl
K G M 3R AR R AEAR T AR R B B R ) M X
09 & SR )3 £ ST,

SRR WTRAT I, iced; B

EHE, BUNE, B, 0. WIBEMSiced T ERIED
RHIE. ERIENBIZYE 2011; 19(29): 3058-3063
http://www.wjgnet.com/1009-3079/19/3058.asp

0315

W | JUR KT B (Helicobacter pylori, H.pylori)i&:—
PSR S R EIR ) 52 22 IGBA PEAT i, o e T
B AL, ]S T A R RE R R KR A,
LR A BN R DAL O T 19944 K
Hpylorid| h—RE0E 7, 7445 —F L
NG H. pylori, FF4S 3547 Ko kgL
FHAGTHWRIER 4, HOBANERERE
AT e B T, X S5 H pylori 3R 4]
() 1o JBE 22 FE VRN St Ik 3 DA O 36— SRS
W A, pylorii )1 3k FleagA (cytotoxin-as-
sociated gene)l Tcag®Uhi &y, Hgnilhr=YlcagA

www.wjgnet.com



S, 5. W IR DiceA TEEMETIRIE 3059
A ATG TAG TDNARE EIICATGH A, SeifliceATIEN A KA &

| OO [ i s MR, DRI ks ko

st ORFL ceas OFF2 PIPIN 1 IRATN IR B IC AT G I P2, Faply  eed 2 9 5 4

8B  ccAIIATRIYAITT A R S ASORF LK sl a5

O W[ s R HORR I, M PR TR

cysE A 8bp>1 fypiM . . O ) . B, ZRAELRA

iceA1 B RRIEHF IR IS, SIE R SR I A 3 it %

© ATG TG JORFIKEMMLIATGHS T, &ism oy 2EEnEE

oof e RR R smbes gy HEPURIGHITAGIESL. 1 Fice AR KHIER S L

iceA2

1 iceAIficeAZEREMIENE. A: B FoRTER
MiceA 135K, HHORFIAFTIORF2RE2H AR, 12 55K SnlallIR
EHPIE. FEFAUE S HATGES T, % 120514 TAG,
5 R 2 [ (S8 bpEid; B: BHSAXCFR G234
fceATFEIN, NEARHIY FORIZ ISR L RS R AR, RRER
IRETRENFEE R, B THRER, ¢ BB URak
9439 bpltice A2, thRIX &E3NEE R, ZHMR
B SR, SRS T T EHVNTR S AN,
ZUEE T ATAG, 5 NFAER 2 29335 bp A RFIX.

REfEHE RN JIE N, J& Pecag ABHTEH. pylorift]
ARG R A%, HeagA AN,
vacA(vacuolating cytotoxin gene)nf Jj 3t K £ 1E
TIAMWHpylorih. ZHERFAsX . iX Alm
UK R4y A 2AN AL vac A SE R G it
[R5 28 BERr e PR FD 1 T 40 B 0 A 2 v
Y, & fivacAs1/il/mUER B MH pylorits )] i
ST AR SUR I, Hopylori B4 A7 AE I
1o JE AR S Rice A H DR, i — i 75 1) B 0 AH G
K#. MH.pylori 51 3= b 1 4 M defil )5 vl 5 3
feeAIFIE LR, iceA 1S FUBEAREE K WinlallIR %
DA R P, I8 HATNTaTTTRAE B P 4% 12
WUIIEE V. RKZ W IH. pylori 5 1m R
AR ERR O R B D) R K HGE IR
SE4 . A S0hice Ak NI HeHT ik i 1
—ZRiR.

1 ice AR RLEHIFFIE
MH. pylori S FE b K 40 WHz fu ) v] 5 5 BRI
—ANERRIE I, R YmRNAR 2, %
FE A HyiceA (induced by contact with epithelium).
I TH pylori 3 Rk FAR S Weys £
hpyIMEERI 2 5], KA 5L DR 45 R A g i =4 (A
7], FiceA RN 732Kk, BlliceA 1 MiceA2, —
BTN G AR ZE RO (B D).

SR ice AT FER (I 1A) 4 K2 41684 bp,
55 75 B nlalTTR FE DA AR (Z960%) 2,
nlal[IR%ifi% )8 (4 BN 1alTIR 230N IR 4
B, R PR A R N DI, e e AR A

www.wjgnet.com

AR, I HUK U 80% B R A 1% 3E R _EAFAEHE
B RAF (L ERAEAEORFIX), S0 AR AT,
AN RERIE AT D RE M B 0=, s TR
KI(E1B), RAT 52 % liceA 175 A4 fie ik 1 AT
NIallIRFF: BRI PR AZ 1 P DB 1 (0 £ 1 5T deeA 2
B Hice A 1447 40% UM, {HJE [N 45
FISERANR(EI1C). 1 Tice A2IER Wi 4 i 14
AN GUIE TR A0 28 HE 1 (1 B Ik )3 51 458 A T
HRIX P JE 2 A8, S AT 0-3 T 1 B, 1%
Bt 1105 bpH sk, BHliticeA 2 KK AT 43 4 F
(124 bp, 229 bp, 334 bp, 439 bp)©*". ZILP_LJiFIX
b BT ARSI R I E R P (VNTR
JPA), AR R P ATGAL TVNTRIFHIR
ARSI I . B TrceA23E R B TE 3 X
(T AL 1 BUAG A, ASBEGn AT ThRE R 1, DAtk
IR T R LA,

2 jceAS5TNshpymER R EilscysEERBVESD
KA

ice A THED A i 5 N I Apy IMEE DR 0 i 2 [7)
'8 bpZl il JE AR ST X AHIE, H.pylori hpyIM%E
KHCZ9990 bp, A7 24N s IR AL 1L, HL K-
ZiceA 1 FE K R, hpyIMBEER =) 8 B 0 IR
W FHIEAL R, BEAY R IRICATGIFA, A5k
B 1k 1 £t DN ARER BRI 1R xR N D) g e it 1%
H A5 ice A1 FER =) ] GETE B TAL R i
B RS, X RGO AE L RN b ORI
H 144K 2 Hice A 1R R Gt 1) = M)A BAT
NlallIRFE LR N VIREE 1R, WA pylori iceAl-
hpy MR TE SR BR -5 16 R G802 T h RE 5,
ice ATFEIFORF X 5 A K EAERL 54, Atk
TEORF2E S IAIX 5 Ll ey s EFE D A bt 2 1]
AEAE— B HH315-394 bpZl it A8 X cysEHE A
B ) Ay 2 AR LRI R R ), AR
516 bp, HHGHCH ELAIS50%, Tk F TiceAl
Lhpy IMFER G 1 (2936%) . iceA23E N
K 5 N lithpy IMAE RS IR i 2 7] 75 429335 bp
AR 7 X, FeroB T 77% 0% 1 R 7 51— 80,



3060

ISSN 1009-3079 (print) ISSN 2219-2859 (online)

HFRAENEIZYE  2011E108188 §519%5 552951

mia £ B
BRI L FH
HexFiceA L B #
M AE . KR
Wk AT T BER,
NAZEHRE
56 R gk gm K A
WEEREE W
Mk, A RIRE
3% £ AR B 1
e

HE IR (K1 KT Hice A Ltk hpyIMBE DY, feeA2
B SRR IR S Sy s EFER K ity 22 1] FF) R ik 4 ot
NE(224-338 bp), T &G FEAA T VNTRIF
FI (TR R EREE R 1), %At 1-154
8 bp T 52 )1 BLA1 K, ice A2 PRI i il a2 1
A7 FVNTRIFH FilE790 bt

3 iceABNEMR S ImRERAIE R4

ice ABHYEH pylori 3 B8 I AR I R A 2
ZINZILFER SR, A% ceAFE R 4 Y
T BT 51 W R 9 9 1 L A 8000 WL A PR A 5
WAL TFHIRBY B, W9 R, MH pylori5iE &
BRI b Bl S ice Al KL R #GA 1, Sua
ice A1 5= A N1alTIR & A FE 1) R 1 A%
T2 A VI TE, BB R R BT UIDNA R B B
CATGFA, H R Mapy IMBED =) AT 50R
Sl EBi 1k B DN AT FI B B, (A% FliceAl
FE R = AN RE 2 Wl B0 Al e o, PRI mT AN
B2 5 a5 (R B L. dceA 1B ME B RR B
Zen] | R b R N R R, AR
MOTL -84 P 1 v, S SR ML 98 ik A B o = R v
AP 35 9 96 1) AR, L B AR SO L RIS 7 Al ik
WAoo A 2BH R T RK S I R
R R A ARG, AECaner S5 AT P R I,
MR WS AR I 993 ) SR B R oy B
HpyloriFtk, KZ41(68.8%) % fiiceAIFEN, 4t
T2 MT G KW, fee A TTRAR I I 55 W A0 P 35kt
PR R A B, X5 2 iiPeek
RT3, HAR T PSS R A
RIMiceA TTRIRR IG5 1 RS0 A2 1 7 B FEAH
K, W HhiceA 15ERIANREAE A TIA. pylori 53501
PRI AR AR &, H T IIWEFUR 2 & i 42
T 2EITIER S MiiceA 175 7 RR I I G 5 I A 1k
P R AR A SR, 7E1% 75 ) I 2 5] K R R
903 AR R AR A3 A 2 WL T AT R 34T IR
NBIRER. 400 1) 85 0 R 46 R A i B
BRI AR, 401 T 11 7 482 Jak e ok M 32 1 K B 93
R, dceA 1 FHE BRI 5 B A9 1)
RAE, BRT SRR B LD B 2 R VR R
VAT AN, HH pylori i 6L AL I 8] (i AR50 A
3 LU SAN R b DX AN [ R A 255 40 i) =
N % B A g 7t 2 AT A S

4 iceARRBMI D TOAER
TSR P, B R A T BEN 1 A,

fib & KM B A NKE R ILEFEE BT,
MH.pylori € NARWAEH 2 ET4E k.
H.pylori{F3E R A BAT 5 B 2 FEPER S b, i
A& 515 AL [FE AR A IR 25 R AN A b X
AT HIH py lori LR 25 K W S AN ], iy 2 PR 20
Z AR WS e 40 B 2 ) DR IR D e AT TR K
RIFE 4N B R b, 55 ) PR A7 AR AR ) - 1
AR g, ARG RS 5K, AT 60% 1)
Hpylori# ik & B eagAFE R, I HAE UL, %
B R SIH AR 0 2 B R R AR R R
I, MAEARW EZK, cagA FEH L PAFET A1)
H.pylori P (HL K 2 5w 4 - A 7
s RRER. vacA FE R & itk WivacAslas LT
FHL MRS, vacAs1bZ W TR T 3%
PN HIZE T PP N TfivacA st JLF
SULEZRE B rp R I,

Fce A HE IR & R YN AR A7 78 3 3 1tk 23 A 22
Fe o AEWMOPEL SEL HA REL B
LORVGIY . B INR), iceA 1L 5 1 S AT, &
X PGt 2= A Wos, fEARW LR
HE K, fceA TR FE S I PRI K K AR JoAH K
i T (51 80271 i L o = B ML S
FAA)E K 5T R B, fceA T FHYER K fE S 2L
I RIS B 45 JR R A A2, I oz X ice A2 A1)
TR AL 2 T AR Wb X 0 RS (S
B, BHEL. B Lice A2 DR Hy 3222241,
I AR X (Fice A2BE R 7 IR AN TR], 72
FW (& H)ice A2 121229 bk, T F 5% M
(FHE L) I IE R 2 545334 bp. 7538 EIETH
— I TR, fceATIPEERRRERS 32006 T
JIE - R A0 6 A AR B IS, R v R 4 i
FHRRRE, Sl EI AR & AP (R A
b DX PR A 1 AN S R 00 s PO R K i AR
JGHS 55 AT, PR SET 5 K B, BRI
H.pylori Pk 0y FSE Y1 ED 2R 22 N i k3 2%
I SRS ME, RO AR 45 1R (22 AR R
W\ SEEN) R HU X LhiceA 73 Ky A 4703,
X5 N KRG R BB A — 3, FEr 2247 27 A
KiceA 175 T RMRI G 5 W AP 0 1R A
A AISCHER, BRI P R S X (R 4 28 . PEIET)
W Lhice A2 K 2y 10491 72 4 2F 34T I 5T
ik MiceA 175 01 R R KT 5 IRIRG I A
ZIHAFEGFE X, X 5IEEMUE LR —
5 YR AR EE, W ZR IG5 B BliceA 1A,
7, HiceAIWRIEZR I BAL T I, fiiceA2
FHYE BRI T3 2, A5 SE R AR B, BRI

www.wjgnet.com



B, 5. IR EiceA TE RO THIHAIE

3061

VU R 0 RIS R R B Dhice A28 -, (HBHME R i
T EMMIX, Miicedl KLk m. X—WRE
W, BRINGEAT IRH py lori BIRE -5 T K 55 PN B bk
BRI ARAE, FLRIK RiceA HE R P H1 4 T-31.
PRI 5], A BB IX (Jé H A, 5%
JeWr) LhiceA 1 73 1T jceA 1 FKiEF B E T
iceA2BER, X0 B IMH. pylori W REEAT G124y
M E5i8, ZHhXice A 1R MRIE G 5 1G R 0
(R AE TR, HiceAIF3EIR 55 Y0 Y0 & R A7 I
AT AU AL, ARAE R AR b X deeA T fceA2KE
DAL fR TR 2R B AR =Y, LhiceA 22 2, RN A7 48
FKFRliceA T fceAZFEIN IR A Y.
SR, 7ee A TE R R 73 AT A7 A5 S8l 1k 22
Ft, (RPN, RPN F BRI RiceAT K, 15
PR B BliceA22y 3%, 1RO K Bl (f7ceA
FERNN R 59 S9N BRI AR L. 78
KZE I X BFTTH R K IiceA 75 ) KK
e 5 Im R R AR R R, (HAESRE L A
2 FARSE DS TR, fceAlRH pylori
ORI R IR TR —, N Nice AT ARE N HE H
R R0 IS 40 JHO 1) 9 RE AR L, 5 T A R 5t o s 1) R

5 i

NERDH pyloriBfi —H 241, X
JIFEB (WeagA . vac AR BURMLE] LT T8
N FRGE AT HRIE ST B, (EDRE B 1) 35 0 TR
fce AT TCRAL T HIZBT BL, %45 TR -5
PRI BIAR AT A7 AR 3. PRI, X SR L
BEHEAT SO IRN [RIBE T E fE AT il R ice A 1 TH FR
G S IR S E P R R HT, e
ARAG 56 B i c e AT DA M S8 S 23 A BB, 2
KM I A AESEPH UL KX fee A B
I AT B % B )R ER A 2 N I AR A A 1)
FHSRNEIE RSN, A7 Fr fadt — 20 I A ST LA e 1]
M3 o A 22 5 () S DR R 3K 4 ) AL i ke, K
TR B A TR Z IR pylorihf NI S0 1E
AL, S WE I A i s oy A . R AL YR 1)
'S5,

6 SEXE

1 Covacci A, Telford JL, Del Giudice G, Parsonnet J,
Rappuoli R. Helicobacter pylori virulence and ge-
netic geography. Science 1999; 284: 1328-1333

2 Graham DY, Yamaoka Y. H.pylori and cagA: rela-
tionships with gastric cancer, duodenal ulcer, and
reflux esophagitis and its complications. Helicobacter
1998; 3: 145-151

www. wjgnet.com

10

11

12

13

14

15

16

17

18

19

Wen S, Moss SF. Helicobacter pylori virulence factors
in gastric carcinogenesis. Cancer Lett 2009; 282:1-8
Parkin DM. The global health burden of infection-
associated cancers in the year 2002. Int | Cancer
2006; 118: 3030-3044

Venkateshwari A, Krishnaveni D, Venugopal S,
Shashikumar P, Vidyasagar A, Jyothy A. Helico-
bacter pylori infection in relation to gastric cancer
progression. Indian | Cancer 2011; 48: 94-98

Sachs G, Wen Y, Scott DR. Gastric infection by He-
licobacter pylori. Curr Gastroenterol Rep 2009; 11:
455-461

Hatakeyama M. Helicobacter pylori and gastric car-
cinogenesis. | Gastroenterol 2009; 44: 239-248

Blaser M]J, Perez-Perez GI, Kleanthous H, Cover TL,
Peek RM, Chyou PH, Stemmermann GN, Nomura
A. Infection with Helicobacter pylori strains pos-
sessing cagA is associated with an increased risk of
developing adenocarcinoma of the stomach. Cancer
Res 1995; 55: 2111-2115

Gerhard M, Lehn N, Neumayer N, Borén T, Rad R,
Schepp W, Miehlke S, Classen M, Prinz C. Clinical
relevance of the Helicobacter pylori gene for blood-
group antigen-binding adhesin. Proc Natl Acad Sci
U S A1999; 96: 12778-12783

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

Hamlet A, Thoreson AC, Nilsson O, Svennerholm
AM,, Olbe L. Duodenal Helicobacter pylori infection
differs in cagA genotype between asymptomatic
subjects and patients with duodenal ulcers. Gastro-
enterology 1999; 116: 259-268

Hatakeyama M. SagA of CagA in Helicobacter
pylori pathogenesis. Curr Opin Microbiol 2008; 11:
30-37

Rhead JL, Letley DP, Mohammadi M, Hussein N,
Mohagheghi MA, Eshagh Hosseini M, Atherton JC.
A new Helicobacter pylori vacuolating cytotoxin
determinant, the intermediate region, is associ-
ated with gastric cancer. Gastroenterology 2007; 133:
926-936

Ogiwara H, Graham DY, Yamaoka Y. vacA i-region
subtyping. Gastroenterology 2008; 134: 1267; author
reply 1268

Jang S, Jones KR, Olsen CH, Joo YM, Yoo Y], Chung
IS, Cha JH, Merrell DS. Epidemiological link be-
tween gastric disease and polymorphisms in VacA
and CagA. | Clin Microbiol 2010; 48: 559-567

Jones KR, Whitmire JM, Merrell DS. A Tale of Two
Toxins: Helicobacter Pylori CagA and VacA Modu-
late Host Pathways that Impact Disease. Front Mi-
crobiol 2010; 1: 115

Atherton JC, Cao P, Peek RM, Tummuru MK, Blaser
My], Cover TL. Mosaicism in vacuolating cytotoxin
alleles of Helicobacter pylori. Association of specific
vacA types with cytotoxin production and peptic
ulceration. | Biol Chem 1995; 270: 17771-17777
Atherton JC, Peek RM, Tham KT, Cover TL, Blaser
MyJ. Clinical and pathological importance of hetero-
geneity in vacA, the vacuolating cytotoxin gene of
Helicobacter pylori. Gastroenterology 1997; 112: 92-99
Basso D, Zambon CF, Letley DP, Stranges A, Mar-
chet A, Rhead JL, Schiavon S, Guariso G, Ceroti M,
Nitti D, Rugge M, Plebani M, Atherton JC. Clinical
relevance of Helicobacter pylori cagA and vacA
gene polymorphisms. Gastroenterology 2008; 135:

WA\ # & 5

A A v 1 i
T H.pylori iceA
A 0 45 My A,
*ficeA % 7 H
5 s R & R 0 A8
EX X PSP
) &Y 3 3% A AL
AEHAT T HhE.



3062 ISSN 1009-3079 (print) ISSN 2219-2859 (online) BT AEILZYE 20114108188 £519%5 $5295
M2 AEE 91-99 methyltransferase gene Apy/M differ between iceAl

iceA TR EH. pylori
5 5 AL & gm 6
KA AR K E
iceA KB A AR
Joa WU BB 3R 4
Ay B A ik AT 2k —
P B R At 6
TRy Kb 7 A
i8S

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Miehlke S, Kirsch C, Agha-Amiri K, Giinther T,
Lehn N, Malfertheiner P, Stolte M, Ehninger G,
Bayerdorffer E. The Helicobacter pylori vacA s1, m1
genotype and cagA is associated with gastric carci-
noma in Germany. Int | Cancer 2000; 87: 322-327
Sheu SM, Sheu BS, Yang HB, Li C, Chu TC, Wu JJ.
Presence of iceAl but not cagA, cagC, cagE, cagF,
cagN, cagT, or orfl3 genes of Helicobacter pylori is
associated with more severe gastric inflammation
in Taiwanese. | Formos Med Assoc 2002; 101: 18-23
Peek RM, Thompson SA, Donahue JP, Tham KT,
Atherton JC, Blaser M]J, Miller GG. Adherence to
gastric epithelial cells induces expression of a He-
licobacter pylori gene, iceA, that is associated with
clinical outcome. Proc Assoc Am Physicians 1998; 110:
531-544

van Doorn L], Figueiredo C, Sanna R, Plaisier A,
Schneeberger P, de Boer W, Quint W. Clinical rel-
evance of the cagA, vacA, and iceA status of Heli-
cobacter pylori. Gastroenterology 1998; 115: 58-66
Yamaoka Y, Kodama T, Gutierrez O, Kim JG,
Kashima K, Graham DY. Relationship between He-
licobacter pylori iceA, cagA, and vacA status and
clinical outcome: studies in four different countries.
] Clin Microbiol 1999; 37: 2274-2279

Ito Y, Azuma T, Ito S, Suto H, Miyaji H, Yamazaki
Y, Kato T, Kohli Y, Keida Y, Kuriyama M. Sequence
analysis and clinical significance of the iceA gene
from Helicobacter pylori strains in Japan. | Clin Mi-
crobiol 2000; 38: 483-488

Amjad N, Osman HA, Razak NA, Kassian ], Din
J, bin Abdullah N. Clinical significance of Helico-
bacter pylori cagA and iceA genotype status. World
] Gastroenterol 2010; 16: 4443-4447

Ciftci IH, Uslan I, Dilek FH, Asik G, Ozgiir MA,
Dilek ON. [Investigation of Helicobacter pylori
iceAl and iceA2 genes in patients with chronic
gastritis and gastric cancer]. Mikrobiyol Bul 2011; 45:
228-233

Morgan RD, Camp RR, Wilson GG, Xu SY. Mo-
lecular cloning and expression of Nlalll restriction-
modification system in E. coli. Gene 1996; 183:
215-218

Xu Q, Peek RM, Miller GG, Blaser MJ. The Helico-
bacter pylori genome is modified at CATG by the
product of ApyIM. | Bacteriol 1997; 179: 6807-6815
Xu Q, Morgan RD, Roberts R], Xu SY, van Doorn
LJ, Donahue JP, Miller GG, Blaser M]J. Functional
analysis of iceAl, a CATG-recognizing restriction
endonuclease gene in Helicobacter pylori. Nucleic
Acids Res 2002; 30: 3839-3847

Figueiredo C, Quint WG, Sanna R, Sablon E, Dona-
hue JP, Xu Q, Miller GG, Peek RM, Blaser M]J, van
Doorn LJ. Genetic organization and heterogeneity
of the iceA locus of Helicobacter pylori. Gene 2000;
246: 59-68

Donahue JP, Peek RM, Van Doorn LJ, Thompson
SA, Xu Q, Blaser MJ, Miller GG. Analysis of iceAl
transcription in Helicobacter pylori. Helicobacter
2000; 5: 1-12

Peek RM, van Doorn L], Donahue JP, Tham KT,
Figueiredo C, Blaser MJ, Miller GG. Quantitative
detection of Helicobacter pylori gene expression in
vivo and relationship to gastric pathology. Infect
Immun 2000; 68: 5488-5495

Xu Q, Blaser M]. Promoters of the CATG-specific

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

and iceA2 Helicobacter pylori strains. | Bacteriol
2001; 183: 3875-3884

Saunders NJ, Jeffries AC, Peden JF, Hood DW,
Tettelin H, Rappuoli R, Moxon ER. Repeat-associ-
ated phase variable genes in the complete genome
sequence of Neisseria meningitidis strain MC58.
Mol Microbiol 2000; 37: 207-215

Dybvig K, Sitaraman R, French CT. A family of
phase-variable restriction enzymes with differ-
ing specificities generated by high-frequency gene
rearrangements. Proc Natl Acad Sci U S A 1998; 95:
13923-13928

Wilson GG, Organization of restriction-modification
systems. Nucleic Acids Res 1991; 19: 2539-2566

Hood DW, Deadman ME, Jennings MP, Bisercic M,
Fleischmann RD, Venter JC, Moxon ER. DNA re-
peats identify novel virulence genes in Haemophi-
lus influenzae. Proc Natl Acad Sci U S A 1996; 93:
11121-11125

Xu Q, Morgan RD, Roberts R], Blaser M]J. Identifica-
tion of type II restriction and modification systems
in Helicobacter pylori reveals their substantial
diversity among strains. Proc Natl Acad Sci U S A
2000; 97: 9671-9676

Ramis IB, Fonseca TL, de Moraes EP, Fernandes
MS, Mendoza-Sassi R, Rodrigues O, Juliano CR,
Scaini CJ, da Silva PE. Molecular Basis of pathoge-
nicity in Helicobacter pylori clinical isolates. ] Clin
Microbiol 2010; 48: 3776-3778

Ma Y], Duan GC, Zhang RG, Fan QT, Zhang WD.
Mutation of iceA in Helicobacter pylori compro-
mised IL-8 induction from human gastric epithelial
cells. ] Basic Microbiol 2010; 50 Suppl 1: S83-588
Caner V, Yilmaz M, Yonetci N, Zencir S, Karagenc N,
Kaleli I, Bagci H. H pylori iceA alleles are disease-
specific virulence factors. World | Gastroenterol 2007;
13: 2581-2585

Han YH, Liu WZ, Zhu HY, Xiao SD. Clinical rele-
vance of iceA and babA2 genotypes of Helicobacter
pylori in a Shanghai population. Chin | Dig Dis
2004; 5: 181-185

Wong BC, Yin Y, Berg DE, Xia HH, Zhang JZ, Wang
WH, Wong WM, Huang XR, Tang VS, Lam SK.
Distribution of distinct vacA, cagA and iceA alleles
in Helicobacter pylori in Hong Kong. Helicobacter
2001; 6: 317-324

Zheng PY, Hua J, Yeoh KG, Ho B. Association of pep-
tic ulcer with increased expression of Lewis antigens
but not cagA, iceA, and vacA in Helicobacter pylori
isolates in an Asian population. Gut 2000; 47: 18-22
Merrell DS, Falkow S. Frontal and stealth attack
strategies in microbial pathogenesis. Nature 2004;
430: 250-256

Kauser F, Hussain MA, Ahmed I, Srinivas S, Devi
SM, Majeed AA, Rao KR, Khan AA, Sechi LA,
Ahmed N. Comparative genomics of Helicobacter
pylori isolates recovered from ulcer disease patients
in England. BMC Microbiol 2005; 5: 32

Mizushima T, Sugiyama T, Komatsu Y, Ishizuka J,
Kato M, Asaka M. Clinical relevance of the babA2
genotype of Helicobacter pylori in Japanese clinical
isolates. | Clin Microbiol 2001; 39: 2463-2465
Yamaoka Y. Mechanisms of disease: Helicobacter
pylori virulence factors. Nat Rev Gastroenterol Hepa-
tol 2010; 7: 629-641

van Doorn LJ, Figueiredo C, Sanna R, Pena S, Mi-

www.wjgnet.com



B, 5. IR &iceA TE RIS DTHIAE

3063

51

52

53

54

55

56

57

58

59

dolo P, Ng EK, Atherton JC, Blaser MJ, Quint WG.
Expanding allelic diversity of Helicobacter pylori
vacA. | Clin Microbiol 1998; 36: 2597-2603

Yamaoka Y. Helicobacter pylori typing as a tool
for tracking human migration. Clin Microbiol Infect
2009; 15: 829-834

Yamaoka Y, Orito E, Mizokami M, Gutierrez O,
Saitou N, Kodama T, Osato MS, Kim JG, Ramirez
FC, Mahachai V, Graham DY. Helicobacter pylori in
North and South America before Columbus. FEBS
Lett 2002; 517: 180-184

Sugimoto M, Yamaoka Y. The association of vacA
genotype and Helicobacter pylori-related disease in
Latin American and African populations. Clin Mi-
crobiol Infect 2009; 15: 835-842

Perng CL, Lin HJ, Sun IC, Tseng GY. Helicobacter
pylori cagA, iceA and vacA status in Taiwanese pa-
tients with peptic ulcer and gastritis. | Gastroenterol
Hepatol 2003; 18: 1244-1249

Nishiya D, Shimoyama T, Fukuda S, Yoshimura T,
Tanaka M, Munakata A. Evaluation of the clinical
relevance of the iceAl gene in patients with Helico-
bacter pylori infection in Japan. Scand | Gastroenterol
2000; 35: 36-39

Chomvarin C, Namwat W, Chaicumpar K, Mair-
iang P, Sangchan A, Sripa B, Tor-Udom S, Vila-
ichone RK. Prevalence of Helicobacter pylori vacA,
cagA, cagE, iceA and babA2 genotypes in Thai dys-
peptic patients. Int | Infect Dis 2008; 12: 30-36
Mukhopadhyay AK, Kersulyte D, Jeong JY, Datta
S, Ito Y, Chowdhury A, Chowdhury S, Santra A,
Bhattacharya SK, Azuma T, Nair GB, Berg DE. Dis-
tinctiveness of genotypes of Helicobacter pylori in
Calcutta, India. ] Bacteriol 2000; 182: 3219-3227

Wu CC, Chou PY, Hu CT, Liu ZC, Lin CY, Tseng
YH, Lin NT. Clinical Relevance of the vacA, iceA,
cagA, and flaA genes of Helicobacter pylori strains
isolated in Eastern Taiwan. | Clin Microbiol 2005; 43:
2913-2915

Kim SY, Woo CW, Lee YM, Son BR, Kim JW, Chae
HB, Youn SJ, Park SM. Genotyping CagA, VacA
subtype, IceAl, and BabA of Helicobacter pylori
isolates from Korean patients, and their associa-
tion with gastroduodenal diseases. | Korean Med Sci
2001; 16: 579-584

www. wjgnet.com

60

61

62

63

64

65

66

67

68

Momenah AM, Tayeb MT. Helicobacter pylori cagA
and iceA genotypes status and risk of peptic ulcer
in Saudi patients. Saudi Med ] 2007; 28: 382-385
Ashour AA, Collares GB, Mendes EN, de Gusmao
VR, Queiroz DM, Magalhdes PP, de Carvalho AS,
de Oliveira CA, Nogueira AM, Rocha GA, Rocha
AM. iceA genotypes of Helicobacter pylori strains
isolated from Brazilian children and adults. | Clin
Microbiol 2001; 39: 1746-1750

Ghose C, Perez-Perez GI, Dominguez-Bello MG,
Pride DT, Bravi CM, Blaser MJ. East Asian geno-
types of Helicobacter pylori strains in Amerindians
provide evidence for its ancient human carriage.
Proc Natl Acad Sci U S A 2002; 99: 15107-15111
Boyanova L, Yordanov D, Gergova G, Markovska R,
Mitov L. Association of iceA and babA genotypes in
Helicobacter pylori strains with patient and strain
characteristics. Antonie Van Leeuwenhoek 2010; 98:
343-350

Nogueira C, Figueiredo C, Carneiro F, Gomes AT,
Barreira R, Figueira P, Salgado C, Belo L, Peixoto A,
Bravo JC, Bravo LE, Realpe JL, Plaisier AP, Quint
WG, Ruiz B, Correa P, van Doorn L]. Helicobacter
pylori genotypes may determine gastric histopa-
thology. Am ] Pathol 2001; 158: 647-654

Araya JC, Anabalén L, Roa I, Bravo M, Villaseca
MA, Guzman P, Roa JC. [Association between
Helicobacter pylori genotype and the severity of
gastritis in infected adults]. Rev Med Chil 2004; 132:
1345-1354

Smith SI, Kirsch C, Oyedeji KS, Arigbabu AO,
Coker AO, Bayerdoffer E, Miehlke S. Prevalence of
Helicobacter pylori vacA, cagA and iceA genotypes
in Nigerian patients with duodenal ulcer disease. |
Med Microbiol 2002; 51: 851-854

Ben Mansour K, Fendri C, Zribi M, Masmoudi A, Lab-
bene M, Fillali A, Ben Mami N, Najjar T, Meherzi A,
Sfar T, Burucoa C. Prevalence of Helicobacter pylori
vacA, cagA, iceA and oipA genotypes in Tunisian pa-
tients. Ann Clin Microbiol Antimicrob 2010; 9: 10

Kidd M, Peek RM, Lastovica AJ, Israel DA, Kum-
mer AF, Louw JA. Analysis of iceA genotypes in
South African Helicobacter pylori strains and rela-
tionship to clinically significant disease. Gut 2001;
49: 629-635

mi §WE w4k EEA

W@ 15
A, 2 @ERT
H.pylori iceAIX B
8 A 50 ILAK A
Witk BABRGT
a9 A E A



