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Effect of CagA sequence difference of Helicobacter pylori on cell morphology
ZENG Xiao-yan, QUAN Xin-ying, LI Lei-lei, JIA Cen-cen, LIAO Yong-hui, XIE-Yuan, ZHAO Yan,

ZHOU Jian-jiang (Key Laboratory of Endemic and Ethnic Diseases ,Ministry of Education & Key Laboratory of
Medical Molecular Biology of Guizhou Province ,Guizhou Medical University sGuiyang 550004 ,China) * ™"

Objective To compare the effect of cytotoxin-associated gene A (CagA) sequence differences on the
morphology of gastric epithelial cancer cell line AGS cells during Helicobacter pylori ( Hp) infection and analyze the
structural differences of CagA sequences. Methods AGS cells were infected with Hp that contained different CagA
sequences,including 4 East Asian strains, 3 Western strains, 1 cagA knockout strain, and 1 cagA c-terminal deleted
strain, with a multiplicity of infection of 30, and then the cell morphology was observed at 6 hours and 7 days after
infection. AGS cells alone and AGS cells infected with Hp boiled for 10 min were used as blank and negative controls.
Subsequently, the 150 cagA sequences collected from the GenBank database were clustered with MEGA7. 0 software.

Results The significant changes in cell morphology of AGS cells infected with the cagA knockout strain and cagA C-
terminal deleted strain were not detected, while AGS cells infected with other 7 strains containing complete cagA
sequences exhibited the hummingbird phenotype at 6 hours after infection. Furthermore, the morphology of AGS cells
infected with 9 Hp strains boiled for 10 min did also not change significantly. After 7 days of persistent infection with Hp,
AGS cells infected with 3 Western strains and 1 East Asian strain showed the hummingbird phenotype, while the infection
of AGS cells with other 3 East Asian strains carrying the mutated EPIYA motif in CagA did not cause any significant
changes in cell morphology. Cluster analysis showed that many Hp strains originating from East Asian countries,including
Japan,China,and Korea,were clustered into Western strains,and the EPIYA motif in CagA of Western strains was more
prone to variations.  Conclusion The western strains of Hp are prevalent in China and other East Asian countries,and
CagA of these strains has a stronger ability to cause cell morphologic changes and more variations in EPIYA motifs than

CagA of East Asian strains. The complete CagA sequences are a key factor for inducing cell morphological changes. These
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data are significant for further study of the pathogenicity of different Hp genotypes.
GG N Helicobacter pylori ;CagAscluster analysis;cell morphology
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1 Hp BEFH EE K CagA EPYIA EF4H1E

WEFERAF 9 Bk Hp, @45 I K W bk GZ7.GZ15,
GZ19.GZ26 J GZ8 3t 5 tk A WAk . [ i s #E 7Y J7 #k
11637.11639 & 26695 = 3 ¥k & GZ7 B cagA Ft [H fil
BRbE GZ7 AcagA s WA 5 95 )5 E AT TR U5 97 I
JRE[E M L Yefa g, S5 R 153% 72 h J5 Hp
HEET RAE B TR (B 1A 5 BB/ 2 8 95 T PR 2 A 4K
SRR B SR (B 1B) 5 B 2% Y B A S AT
PR IRFFIR RS AR S (B 1O L UESE A Hp.,

A FERHTmMBEER LR FES Hp B O REMRKE C %
22 LA (400 X))

E 1 HpHEFREE
A H. pylori cultured on colombian blood agar plate B Urease
assay C  Gram stain of H. pylori (400X)
Fig.1 H. pylori culture and identification
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B Hp 4R2L3535 7 d J5 W54l il P 25 48 £k, 45 21 a0 ]
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# 1 9% Hp CagA i) EPYIA B F4:1F

Table 1 Characteristics of EPYIA motifs in CagA
from 9 H. pylori strains

5 5% Variation

GenBank %715 WHAE  EPIYA KR

UL

GZ7 KRI54737  Gastric cancer ABD East Asia NO

GZ8 KR134738  Gastric ulcer ABD™ East Asia  EPIY fD AV
6715 - Gastric ulcer - East Asia ~ EPIYA-ABC  Deletion
G719 KR154748 (astritis AB¥ D EastAsia  E @ IYAB  P-S

G726 KR134755  Gastric ulcer ABD® East Asia  EPIY —D AV
NCTCI1637  GQ161098 - AB Western EPIYA-C Deletion
NCTCII639 GQI10%9 - ABFC Wt EPY[A]B AST
2695 KRIS4TSS - AB*C Westem  EPIY[A[B  AST
GZTAcagA (astric cancer - East Asia cagh Deletion

1 ABD/C:EPTYA-A B HI-D/C: M1 BIRRE S & 0 IR B CagA ) C RS FF AR K Caghl
JEHIAAR L E GenBank B 5 2 . 5341,

Notes: ABD/C: EPIYA-A.-B and -D/C; Shadow amino acid variation; & A clinical isolate with deletion of
(-terminal sequence of CagA and its sequences not submitted to GenBank database; # : Variation site,
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Fig. 2 Morphology of AGS cells infected withH. pylori for 6 hours

East Asian strains Western strains
226

11637 11639

3 Hp B3 7 d/EH AGS ARFESE
Fig. 3 Morphology of AGS cells infected with H. pylori for 7 days
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(17/80) AR W E K, UL M #im (29/80) \FEH 2 (6/
O N RASE Sy, p = e B SPS UE
LA (24/70) F AR B W B R HE AR 2 (12/70) . CagA
00 M i %, 150 Bk Hp WA 73 £k (48. 7% 1y
CagA EPIYA J¥ 5 & 78 5, H VG J5 bR A8 5 0 i,
JoHJE EPIYA-B 3P H9 A>T A8 (KWK 5. 5%,
PU 7Rk 34. 2%) M EPIYA-C A %78 (KA 0,757
BE 42.5%0) (£ 2),

% 2 150 #% Hp CagA EH EPIYA EF TR
Table 2 The sequence variations in EPIYA motifs of CagA
from 150 H. pylori strains

EPIYA 5 14 ¥k (20) Strains .
EPIYA B (=73 Kl (n=11) T (n=62) Va?i::ion
Motifs Total(n=73) East Asian(n=11) Western(n =62)

EPIYA-A 2(2.7) 1(1.4) 1(1.4) Deletion
EPIYA-B* 29(39.7) 4(5.5) 25(34.2) A—>T
EPIYA-B 5(6.8) 3(4.1) 2(2.7) P—S
EPIYA-B® 1(1.4) 0€0.0) 1(1.4) -V
EPIYA-B® (1. D (1. H) 0€0.0) A—>S
EPIYA-C 31(42.5) 0€0.0) 31(42.5) Duplication
EPIYA-C 6(8.2) 1(1.4) 5(6.8) Deletion
EPIYA-D 202.7) 202.7) 0€0.0) A—>V

Y Bk Shi257 (AB587256. 1) il Shid17 (AB587258. 1) [Alif A A—~>T FI P
>SS AR A 1>V R A>T 85 R4 P>S fl A-S R,
Notes:": H. pylori strains Shi257 (AB587256. 1) and Shi417 (AB587258.
1) contain the A>T and P—S$ variations simultancously; ”: This strain contains
the IV and A—T variations simultaneously; : This strain contains the P—>S

and A—S variations simultaneously.
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Fig. 4 Phylogenetic tree of 150H. pylori strains based

on CagA sequences
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B Hp 43 4 745 7 bk (& EPIYA-ABC) FIl 4 3 #k (&
EPIYA-ABD) , H. PG J7 #% 1 75 3 £k 1) B0 88 71 A TR .
CagA H [17& Hp EZEMEHH 72—, vl IV # 45y
WA 72 255 g AN 3] 40 L R Py 3 Ao AR R AN 4R o ol 7R A )
HAREHEARRMER. EiQRMEYIERT, 510
FNAALN Y CagA 723 C 5 EPIYA Sb)7 b & A4 8
Ak, F5 SHP-2 2 F Rl A F456, THA
JEL PN B A5 5 R, 5 SO M 4 R A L R A
A BN A A B AR T S B0 R A AR R KR
BV B e 1 B R HUTY Dl Ah, CagA 2 BAL I F
(CagA multimerization motif, CM) i 7] 45 & % 4 7
T 1b (Polarity-regulating kinaselb, PAR1b), il
il PARLD U4 5 1 5 DT 5 S 248 i 3% 2 R AR P R
PR b R 40 A9 T S 20 AE . PARLD 3£ B W IR R —
Bk, 5 R Cag A 454, ik CagA-SHP-2 &
BRI R SHP-2 2 08, A3 T 40 i 2 ol i 1 ¢
e R NI 5 o 1 O SR e B I 1 L
PV HRTET Hp MSORHLENE A + 50 14 0
X AR Ak L VS 5 Bk B0 g T T3 09 BL B 5T 1
A AR 22 0] R R R

EPIYA )7 & CagA KAWL AL 10 5 2 )7 51 . 78
IR MY A b KRN . AW 9 SR
CagA FHI 1Y Hp BRUEME M B L@ 40 AGS,
WMELIRYL 6 h M7 d J5 i mIE &AL, 45 R BUR,
YL 6 h JGBR T cagA FEH@FR ¥R (GZT Acag A) Fil
CagA C Il Rk (GZ15) 4b, HiAy 7 kk Hp IR YL 35 6
I AGS 4 i & A K [a) B2 i (1 06 1) 0 3 U (1 T8 25 A
b, H BRI B 5 W bk GZ7 (EPTY A JEJF 02875 ) 175 S 41
JiL TR 78 B Ay B T A KO S Hp J8R U 40 i K B
SIS A, IEPTE A Hp 583 8 CagA
JPA IR M R AR TR S I G R I R . Hp RR2i
7 d V5 AR 51 A0 Y A AR Ak L AR I RR IR G 5
R A EIE ST I &, 78 CagA 5EH8 1 4 HRAR T
PR, BA7 880 5 W bk HpGZ7 {6 20 B 0 30 7 9 i i
W 9, RE R A 3 BR 7R U A AR R oK 5 R A A IR S
Ak Horf 2 Bk (GZ26 1 GZ8)7E EPIYA-D fi 555 5
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I M A 8RR S 78 4k, H Hpl1637 $k/b EPIYA-C
M CM 37 B8 75 5 40 I8 25 A8 1k, $2 7% 78 J5 Bk 1)
CagA R WK CagA 7 538 1 2040 M B AR 6 7).
AT 2 F 5T WoR, V7 AR Hp A 6020 /&
cagA BATE, HIEY: cagA ™ Hp (5 EA 5 & 0 L &
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PR 1% MR BB R B B WA
FMIE Hp BECRRE I 5 R FEF I H) CagA AR W (H
SEANGEAT SN E 2R a8 K0,

R T —F RV CagA 1 EPIYA (78 5 AW 5T
WHE T 150 4 Hp-CagA 5 3 # 17 b %f, B 2% K
EPIYA 500, K MFZBIE TR HZXLHEH
A% R A AR 2R T O B, AR SRR
24 BRI R 2 B Bk, 20 04T 18 RN 6 Bk R 2K 2 K W
FEFNVY 7 BE R W Hp 78 J7 Bk AE [ AR 2 AR T B K
3k AT . I H Lok B IR — [ 5 R0 Ml DX B AR 6 ) T
BB, XA S BORN R X B8 LW EER
M, A8 S AT R A 48, 7% 1) AGS-CagA
EPIYA 37 & A A8 5, H P8 5 #k 19 48 53 8 i 4R
PR, JUHJE EPIYA-B ££)7 19 A>T R4 K& EPIYA-C
I RAR S0 P T BRI 34, 200 F 42. 5%,

Hp BE 5| A 40 M & A5 AN W) A8 B2 (9 T8 48, DA T 42 5
M (22888 01 . b S ) CagA JF 8102 15 5 41 i
RGN R, ERFL0 Hp Ryt i, vy
JEEY CagA LR W AK Y CagA A7 B 58 19 241 i I 7%
AE 1. MeAh, Hp 78 7 Ak 78 B AL AR K
AT, H CagA B9 EPIYA WA WA ELZ AR,
HE EPIYA-B ¥ A>T %78} EPIYA-C &
X E R X I — 2B A 5E Hp AN [R] 3 RS ) S0
e A EEE L,
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