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1Z 83 R I H. pylori & . &% Btk CagA 9L BF 7| fn BIL BT ) ¥ B e 4 FEME 2 7,
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BEMERF, GZllcagA sFAmiLE KB EN I, ™ 26695/cagA 4+ F 40 m itk K B % FEK
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Sequences difference of CagA between East Asian strain and
Western strain of Helicobacter pylori and its impact on the
proliferation and apoptosis of gastric cancer cells

LONG Ni-Ya'? XIONG Lin** ZHAO Yan** YUAN Hang'? LI Ya-Jie"?
CHEN Xue-Shu™?  ZHANG Xiao-Yi*?* XIE Yuan** ZHOU Jian-Jiang"**

(1. Key Laboratory of Endemic and Ethnic Diseases, Ministry of Education, Guizhou Medical University,
Guiyang, Guizhou 550004, China)
(2. Key Laboratory of Molecular Biology, Guizhou Medical University, Guiyang, Guizhou 550004, China)
(3. Department of Clinical Laboratory of Affiliated Hospital of Guizhou Medical University,
Guiyang, Guizhou 550004, China)

Abstract: [Background] Helicobacter pylori (H. pylori) has been described as a main pathogenic
factor for gastric cancer. Protein product of the cytotoxin associated gene A (CagA) has been known as
the only oncoprotein that is secreted and injected into gastric epithelial cells by the bacteria, thus
mediating the development of gastric cancer. [Objective] To compare the sequence difference of CagA
between the East Asian strain and Western strain of H. pylori, and explore the effects of H. pylori-CagA
on the proliferation and apoptosis of gastric cancer cells. [Methods] DNA and amino acid sequences of
CagA in East Asian strain and Western strain were analyzed. A eukaryotic expression vector containing
the cagA gene from each strain was constructed and transferred into AGS gastric cancer cells. The
CagA protein was assessed using Western blot. Cell growth curve and apoptosis were determined using
CCKS8 and flow cytometry, respectively. [Results] Comparison of the DNA and amino acid sequences
in the CagA between the two strains revealed some characteristic differences. The expression vectors of
H. pylori-cagA gene were constructed successfully and named as GZ7/cagA (East Asian strain) and
26695/cagA (Western strain). Compared with cells transfected with the empty vector, the cells
transfected with the East Asian strain and the Western strain derived cagA expressed CagA proteins, but
there is no difference in protein levels between the two groups. The cells transfected with the East
Asian strain and the Western strain derived cagA grew significantly fast or slower, respectively
(P<0.05). The apoptotic rates of cells expressing the East Asian strain derived CagA and the Western
strain derived CagA were 7.231£0.96 and 9.17+1.40, respectively, both being higher than that of the
cells expressing the empty vector (5.03£0.63) (P<0.05). [Conclusion] There are structural and
functional differences in the CagA between the East Asian and Western strains of H. pylori. While the
one in the East Asian strain promotes the proliferation, Western CagA inhibits the proliferation of
gastric cancer cells. However, the CagA in the both strains promotes apoptosis of the cells.

Keywords: Helicobacter pylori, CagA, Gastric cancer, Proliferation, Apoptosis
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H. pylori
[31 30
H. pylori cagA
GenBank
H. pylori-cagA CagA
CagA
H. pylori
CagA
1 ME5EhE
1.1 w8l
111 4HRErRFNE K
H. pylori GZ7
H. pylori
26695 ATCC 30
pMD18-T/cagA
AGS ATCC (
CRL-1739) pcDNA3.1/Myc-His(-) pcDNA3.1/GFP
Invitrogen
112 FERAFFLEF
DNA MO Bio Laboratories
Lipofectamine™ 2000 Invitrogen
CagA Santa Cruz ECL
Merck Millipore CCK8
RPMI-1640
Opti-MEM Gibco
BD Medical Technology
Bio-Rad
12 A&

1.2.1 H. pylori-cagA ERE R %t & & #i193E & CagA
EBRFFISHR

GenBank  H. pylori-cagA
KR154731-KR154758 GQ161098
GQ161099 MEGA 7.0 H.
pylori-cagA
CagA C
cagA

1.2.2 #J& pcDNA3.1/cagA B Rk H ik
pMD18-T/cagA-GZ7 pMD18-T/cagA-
26695 DNA Xho |
Kpn | F (5'-CCGCTCGAGCGGACAATGGC
TAACGAAAC-3) R (5-CGGGGTACCCCGAGA
TTTTTGGAAACCAC-3) DNA
PrimeSTAR™ PCR cagA PCR
cagA T4 DNA
pcDNA3.1/Myc-His(-)
E. coli DH5a
Xhol Kpnl

DNA
DNA

GZ7/cagA 26695/cagA

1.2.3 pcDNA3.1/cagA ¥ Bz2mA AGS
10° /mL  AGS

RPMI-1640 (
37 °C 5% CO,
80% Lipofectamine™ 2000
35 GZ7/cagA
26695/cagA Opti-MEM
pcDNA3.1/GFP AGS
6 h 10% FBS
RPMI-1640 24 h

10% FBS)
2 mL/

1.2.4 Western blot ;:2#l] CagA EBRIFIE

GZ7/lcagA 26695/
cagA BCA
SDS-PAGE
PVDF 5% CagA
Western blot
GZ7/cagA 26695/cagA CagA

125 CCKS8ZEMEHEEMMMAEITAN

AGS 24 h
5 000 /100 mL 96 37 °C
5% CO, 0 24 48 72 96
120 h 10 uL/ CCK8
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GZ11 cagA (KR154741.1)
G720 cagd (KR154749.1)
GZ19 cagA (KR154748.1)
GZ1 cagd (KR154731.1)
GZ8 cagA (KR154738.1)
G724 cagd (KR154753.1)

G725 cagA (KR154754.1)

GZ13 cagA (KR154743.1)

GZ17 cagA (KR154746.1)

G723 cagd (KR154752.1)

GZ2 cagA (KR154732.1)
GZ16 cagA (KR154745.1)

GZ12 cagA (KR154742.1)
GZ7 cagA (KR154737.1) A

GZ4  cagA (KR154734.1)

GZ21 cagA (KR154750.1)

GZ3 cagA (KR154733.1)

37 °C 5% CO, 1h Asso
GraphPad Prism 5.0
1.2.6 RAMARENEEREMIET
AGS 24 h PBS
2 500 pL Binding buffer
5x10°-1x10° /mL 100 uL
Binding buffer 5 uL AnnexinV-FITC
15 min 5uL PI
5 uL AnnexinV-FITC  PI
5 uL AnnexinV-FITC  PI 5 min
300 uL Binding buffer 400 pL
400
127 HirFHHF
3 3
[
{
=

E 1 H.pylori-cagA EEBEHH
Figure 1 Cluster analysis of H. pylori-cagA genes

A H. pylori Gz7 26695 cagA

G727 cagA (KR154756.1)
GZ10 cagd (KR154740.1) ~
GZ6 cagA (KR154736.1)
26695 cagd (KR154758.1) A
GZ5 cagAd (KR154735.1)

G722 cagd (KR154751.1)
GZ14 cagA (KR154744.1)
G7Z9 cagA (KR154739.1)

851
+ SPSS 22.0
t
P<0.05
2 554

2.1 H. pylori ZRILZ. PR cagA EEBIFSI
EbxF

30  H. pylori-cagA 21
9 (1
CagA C
EPIYA-D ( ) EPIYA-C( )
( 2

G226 cagA (KR154755.1) ~
GZ 18 cagA (KR154747.1)

East Asian strains of
H. pylori-cagA

11639 cagd (GQ161099.1)

Western strains of

SS1  cagd (KR154757.1) H. pyloni-cagd

11637 cagd (GQ161098.1) —/

Note: A: The H. pylori-cagA gene of East Asian strain GZ7 and Western strain 26695.
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Strains EPIYA-A EPIYA-B EPIYA-C/D

GZ26 RV NEIEAGOAAS PE I RRa VA VE ART DL NEATS ATNRKT DRTNET AS AGHGY GRS GVGRS ASE - HgegyT TDFIE AN AGFPLERSAAVNILSKVGLSREQELTRRIGIL 1003
GZ8  RETRVHKKRAGQAAST EgReY AKKYSART DL NEATS ATNRKIDRINKT AS AGKGYGGRSGYGRS ASE ~ IR g I DF DEANQ AGFF LERSAAVHTLSKVGLSREQELTRRIGIL 1003
GZ13  IEEVHKEAGYYAS P E S aRaNaVAKE VS AKT DAL NEVAS ATHRKT DRI NKT AS AGKGYGGF S GAGRS ASP EURReNT I DFIE AN AGFPLRRYVAVNDLSKVGLSREQELTRRIGIL 1004
G721 | GOVANFE] VAKKVSAKTDQLNEATS ATNRKTDRINKT ASAGKGVGGESGVGAS ASP-| TDFDEANQAGFPLRRHAMVHDLSKVGLSREQELTRRIGIL 999
GZ24 N VHEKEAGOATS PE I RRa VAR VS AKT DAL NEATS ATHRKT DRI NKT ALAGKGYGAF S GAGRS ASF ERRaNT I DFIE ANQAGFPLERSAPVNILSKVGLSREQELTRRIGIL 1004
GZ25 [ VHKKKAGQATS PEIaRaNaVAKE VS AKT DAL NEATS ATHRKT DRINKT ALAGHGYGAFS GAGRS ASP EIRENT I DEIE ANQAGFPLERSAPVNDLSKVGLSREQELTRRIGIL 1004
GZ7 | GOVASPE NIV AKKVS AKT DL NEATS ATNRKIDRINKT AS AGKGVGAF S GARAS ASP -2 Re0T I DFDE ANQAGFPLRRSTAVGDLSKVGLSREEELTRRIGDL 1002
GZ19 i VHEEKTGAVASEE TR v AKKY S ART D QLNEATS ATRRETDRIHKT AS AGKGVGGE S GAGRS ASP - anenT IDFIEANQAGFPLERS AAVHDLSEVGLSREQELTRRIGIL 1003
GZ4 i VHERKTGQVAS P E RRaN Y AKK VS AKT DAL NEATS ATHRKT DRINKT AS AGKGYGGE SGAGRS AP -G 1 DFDETHOAGFFLRRY AGYGDLSKVGLSREQELTRRIGIL 1002
GZ1 | VHEKKTGQAAS P EEREN Y AKKVE AKT DAL NEATS ATHRKTDRTNKT AS AGKGYGGE SGYGAS ASP - g 1 DFIE ANQAGFPLRRS ARVNDLSEVGLSREQELTRRIGIL 1003
GZ20 | VHEEKAGRAT S P ERgR v AKKY S AKT DL REATS KT RARTDRIHKT AS AGKGVGGE SGAGRS ASP - gneyT IDFDEANQAGFFLRRYAGVHDLSKVGLSREQELTRRIGIL 1009
GZ12  EEETVHKKKAGQYAS P E gV AKKYS AT DL NEATS ATNRKT DRINKT AS AGKGVGGESGAGRS ASP EMREIT I DFDEANQAGFPLRRY AWVHDLSKVGLSREQELTRRIGIL 1010
GZ16 TEREVHEKETGOAAS PEaRaVAKK VS AKT DYL NEATS ATHRKT DRTHKT AS AGKGYGGFS GAGRS ASP - AReNT I DEIE ANQAGFPLERSAAVNDL SKVGLSREQELTRRIGIL 1007
GZ17 | GRVASPE SR Y AKKVE ART DAL NEATS KTHARTDRTNIT AS AGKGYGGRS GAGRS ASPEARENT I DFIE AN AGFPLERY AGVNIL SKYGLSREQELTRRIGIL 1004
G723  ERSTRVRKEKTGAYAS E gV AKKYS AT D QL NEATS KINARTDRTNKT AS AGKGYGGES GAGRS AST ERRIT I DFDEANQAGFFLKRY AGVHDLSKVGLSREQELTRRIGIL 1004
GZ2  EERERVNKKKTGAVASPE IR v AKKYVSAKT DAL REATS KINARTDRIHKT AS AGKGVGGE SGAGRS ASP EERENT I DFDEANQAGF PLERY AGVHDLSKVGLSREQELTRRIGIL 1004

GZI11 | GAAASSE] VAKKYSARTDALNEATS ATHRETDRINKT ASVGKGYGGES GARAS ASP | TDFDETHQAGFPLRRSAAVHDLSKVGLSREQELTRRIGIL 1003
G727 - TRV AREYVS AKT DL REATS ATHRKI DR INKT AS AGKGV GG SGAGQS ASE - gRaNT IDFDEANQAGFPLERSAAVIDLSEVGLSREQELTRRIGIL 986
GZ18 [TETVHRKEAGATSPE IR v ARKVE AT DL REATS ATNRKIDRIHKI ASAGKGVGGESGAGRS ASP -] TDFDEANQAGFPLRRSAAVNDLSKVGLSREQELTRRIGIL 1003

GZ3 IR VNKKKTGAVASPE IR v AKKVSAKT DL HEATS ATNRKT DRIHKT AS AGKGYGGE SGAGRS ASP - gRaNT IDFDE ANQAGFPLERSTGVNDLTEVGLSREQELTRRIGIL 1002
GZ10 EEREVHERKTGEYAS LE S aRgaVAKNVEAKT DRLNGTAS GLGIVGAATGF P LKKHDKVGDLS K¥GLS ASE - A aRdaT IDDLGG-—-FFPLERHDKVGILSKVGLSREQELKRKIDNL 1010

GZ6 | GEVASLE TR VAIHVRAKT DR HOT ASGLGIVGRATGFPLKKHDRVGDLS KVGLS ASE | IDDLGG---PFPLERHDKVGDLSKVGLSREQELKAKIDNL 1010
26695 [ ERREVHEKKTGEVASLE RN EN v AXNVRAKT DR HOTAS GLGDVGOATGE FLIKHDKVGDLS KVGLS ASF - gReaT 10DLG6-—- PFPLKRHDEVGDLSKVGLSREQELKQKIDNL 1010
GZ5 | GEVASLERRENVAKVRAKT IR WOT ASGLOTVCRATCR P LKKHD RV GD LS KVGLS ASE - aReyT 1 IDLGG---PFPLRRHDRVGDLSKVGLSREQELKQKIINL 1010
11639 | GOVASPETRREIYAKKY AR D RLVQT AS GLGDVGQANGE P LKRHD VD DLS KVGLS ANY-IRRdi 1 D0LG6-—-PFPLKRHDEVDDLSKIGLSRHQELARKIDNL 1015
SS1  EEThVHKIKAGQAAS LE g VAKKVNAKT DRLNQTAS GLGVVGRAAG FPLERMDEVDDLSKVGLSRNQELAQKIDNL 972
G722  ERRTIRVHKKKAGOAAS LE RNV AKKVHAKT D RLNATAS GLGVVGOAAG FPLERHDEVDDLSKVGLSRMOELAQKIDNL 972
GZ14 IERERVIKEKAGAAAS LE RN v AKKVHAKT DRLNQIASGLGVVGOAAG FPLERHDEVDDLSKVGLSRHQELAQKIDNL 972
GZ9 | GOAASLEFRREVAKKVIAKT DRI WOTAS GLGVVGRAAG FPLERHDEVDDLSKVGLSRQELAQKIDNL 972
11637 | GOAASLEFRRE VAR VIAKT DRLFQTAS GLGVVGRAAG FPLERMDEVDDLSKVGLSRHQELAGKIDNL 972
* ok kkokok Dk dokokok ok Tk oo L2 5 DE I N ST T C 5 2 DT L T N

B 2 H.pylori-CagA &R C in @ &R F 5 LLE
Figure 2 The differental sites of H. pylori-CagA sequences
EPIYA

Note: The dark and light shadows show EPI'YA motifs and the differential amino acid sequences of CagA. The separation line divides the
strains into East Asian strain (upper) and Western strain (bottom).

2.2 H.pylori-cagA H{kHEREE A bp B

PCR cagA 3.5kb

GZ7/cagA ( )

26695/cagA ( ) () 3 000 | | |
2.3 cagA 3 AGS 4iff CagA EHBYRIX | “ ‘ |

GZ7lcagA  26695/cagA AGS it 'h

Western blot CagA | I

CagA B 3 H.pylori-cagA E2EH KL E
(P<0.01) GZ7/cagA Figure 3 Identification of H. pylori-cagA gene vectors
A cagA 1 Gz71 2 26695
26695/cagA M DL5000 Marker. B cagA )

(P>0.05) ( 4) CagA Note: A: Electrophoresis map of cagA gene; 1: East Asian strain

(GZT7); 2: Western strain (26695); M: DL5000 Marker. B: The
partial sequencing map of cagA.
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2000 ¢ 2.5 cagA 3T AGS 4ARELA T AR
P *
‘5 T 6 AGS 24 h
2 1500
S GZ7/cagA  26695/cagA
5
&; g L 000 - (P<005)
£ *\E GZ7/cagA 26695/cagA
é)-v 3500 | (P>0.05)
b
[84] v
3 S » E é:l:\
—_ W55
Control GZ7/cagA 26695/cagA H. py|0ri
41 H. pylori
. pylori cag
CagA -— N Cagh
GAPDH (S S S H. pylori 60%-90%
cagA™ H. pylori
4 cagA #5340 AE CagA EHMIRIX 93.3%° 60%—70%
Figure 4 The expression levels of CagA protein transfected [71
with cagA
* Control P<0.01. cagA" H. pylori CagA
Note: *Compared with control, P<0.01. EPIYA-A B D
24 cagA B3t AGS YRR 1 54 CagA  EPIYA-A B C
cagA 24 h H. pylori CagA
GZT7/cagA
8 .
26695/cagA e H. pylori
(P<0.05) ( 5) CagA
[9]
4 —
—& G/ 7/cagA CagA
N Control ’ CagA
[ -@ 26695/cagd A cagA
CagA
NJ 30
H. pylori-cagA 9 H.
00 5 7 P pylori 21 H. pylori
The culture time of cells (d) H. pylori
5 cagA 4 AGS MRRAYAE K % H.pylori  cagA 3
Figure 5 The growth curve of AGS cells transfected with CagA
cagA
*  Control P<0.05. c EPIYA 30 CagA
Note: *Compared with control, P<0.05. CagA EPIYA-C
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Control 26695/CagA GZ7/CagA
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3 3 o 3 i
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Annoxin V FITC-A Annoxin V FITC-A Annoxin V FITC-A
B IS -
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2
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=
S
©
) S —
s 5t
o
&
[
(=9
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Control 26695/cagA GZ7/cagd
6 cagA FHEEMMATHESFIR
Figure 6 The percentage of apoptotic cells after transfection with cagA
A .B * Control P<0.05.

Note: A: Flow cytometry. B: Histogram of percentage of apoptotic cells; *Compared with control P<0.05.

FPLKKHDKVGDLSKV
CagA EPIYA-D KIASAGKGVGAFSGA
EPIYA-C ( )
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) DFD KRHDKVG KQKIDN EPIYA
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EPIYA-C EPIYA-D
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pylori 9 Hatakeyamal™
CagA EPIYA-D
EPIYA-C
SHP2
[12] CagA’

CagA H. pylori
Rokkas [**]
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