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Helicobacter pylori (H. pylori) was defined as a Class 1 pathogenic carcinogen by
WHO causing chronic inflammation in the stomach, thereby increasing the risk of
gastric cancer. Various virulence factors are involved in the mechanism of gastric
cancer caused by H. pyloriinfection. These virulence factors usually show different
expression levels depending on the environment of 4. pylori, which can affect the
risk of gastric cancer. In this study, the differences in the expression levels of major
virulence factors of 4. pylori depending on the environment were investigated by
comparing expression levels of H. pylori cultured with AGS or alone. As a result,
there was no difference in the expression of adhesins of alpA, sabA, and babA
even after co-culture with AGS cells. In addition, the co-culture environment did
not induce a difference in the expression levels of #aA and ureB. On the other
hand, H. pylori co-cultured with AGS cells showed low expression levels of cagA,
grofl, and ojpA and high expression of vacA compared to H. pylori cultured
alone. Our results suggest that not only the presence or absence of virulence
factor genes but also differences in expression levels should be considered when
evaluating the risk of gastric cancer after 4. pyloriinfection based on the virulence
factors.
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INTRODUCTION

Helicobacter pylori (H. pylor)= LIAEo| Qe F o2 AL2Ho| 2|4 atof| A8 AAlSH
O ZZ 2SS RYcte HAMZM TMA 2172 50% 0|40 EHA10l Aoz 23
STt (1, 2). I HEARONM B0E A0 H. pylori A XEEL H. pylori 2

Z 0|01Z|= Ag g wf I 40CH 0|2 AFOoIM= 90%

O|AO| BH2t2 2HEICt (3-6). £3| H. pylorie MAEH7|7-(World Health Organi-
zation)ol| 2l5l X HE 15 YLHAAZM DU =2 Y FHES F ez &

A ACH4).
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=A| A7 |2 (International Agency for Research on Cancer)0| 20200 &2kt 20 MO|| Q|5HH H. pylorf= 712 T2 6 2ot el 4|
EA 20| o5 MMAH| & 24Ol 36.3%7t H. pylorPl| 28t Z4eE ZALE|QUCHhttps://gco.iarc.fr/causes/infections). 5tX|2t 2&
oviori BAA0l| M 20| LlistR|= et n] MA| B2t 10~15%01A 20| 20| Llisk=d| (7, 8) Ol= H. pylori B2 H=0]
pVlorR| B QIRL, StAe} WA |O| 4T 2HF, Stafo| R 201 50| 2|2 L4l 7| Mo 225t JES 5l USE AAFSCH(7-11).

= =

Olol| YL AHCE SIHAIZI= H. pylori 2 Qto|| Cist A7t gEs| JI-MEIN A pylore| CHEst K40t S CHYst
g ARS0| EE L UCH 71 CHEHQ! oY Qlzt= F4 et Yl 2AHE ST I= cagAt vacAoltt,
cagA%t vacAe A MESHS 20|12 Py S S Y2 LHISHYEE Reste A2 BNEUCE (1, 12-15). 1 S0 2
Aot 4O MIZof| MAIO| 7Hs3LEE RESH S Folots HMZ(fad) (16, 17), 42 £A0|25EA|4 29| oM M2T 4+ U=ZE 3
FE= Q2Fai24(ureh) (18, 19), HLIMZE F210]| &0jot= R2RIZHapA, babA, sabA, oipA) (20-23), SAFSIQIZHIHZ Al

A, ahp0) (24) 2 2|2 HTME GSRE 7160] =QUE grofl (25, 26) 2 H. pylori ZE0| THE YL L4 7|0l 225 HHA

= 2k
—

ol
o
0x

QY UHT| M| HOI5H= H. pyloriR| BHE QIAIS2 MA] 8HA0)| Wt W3 e| 210§ EOo|A| ICH7, 12, 27, 28). Ol= &
2l 2 ol A= otA0| e Held QIR Eo 0|2 Qlol| 2 Ul AT S22 A EE
0| | = H. pylorR| A ZHStA0Me| CiAsH Held QI & Him
< 225t 5f [k jn vitroOf| M 213 | Q’é(‘i*% 20|22, HE2E S)8 1o |= o] A pylori 248 L 9
S I (human gastric adenocarcinoma cells)= IAT|ME {242 MZEZO|
H. pylori H710] 0 S*REIL ACH (29- 33) 0|01| 2 AF0ME AGS MELt S BIAE H pylorR] HHY QAL LYHHES
BHZ|OIAM HASH H. pylorPIMe] el oIz} & W3t H. pylorR| THE H2ld Q12| &dd £~F0| S0 T2t O{E 2| HatR|
= AT ZN G QIAIE HIE S 2 of 22 &4l 2T = FItof 2tetd 2 HE HAlSt A2} STt
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MATERIALS AND METHODS

H. pylorR| BIZIL AGS MIZEF HHQF

H. pylori 26695 =& d2|B8tE O0|22| Re|aF23M (Helicobacter pylori Korean Type Culture Collection, Gyeongsang
National University, Jinju, Korea)OllA] A| 22T Qx| 2IA0| ERE|AUE FRE= 10% A (ThermoFisher, Waltham, MA,
USA)O| 71l E2/4dat sHBIZ|(Difco, Franklin Lakes, NJ, USA)0l HZ35t0 10% CO,, 100% &&= & 37°C 20| 2EM3}
StYCH 2HEMSHEl H. pylori= 10% LEHOFE A (Gibco, Waltham, MA, USA)1t 0.4% 222 &%(Sigma-Aldrich, St. Louis, MO,
USA)O| &7}El RPMI-1640 (Gibco) BiZ|0f| -5 MAHAE S 0| 8510 75 A|CHHi Y50 0| A0l O|Z5HRICE (34).

2 HFO|M ALRSE MEF = SHMZEF23M(Korean Cell Line Bank, Seoul, Korea) M 725 2| QM|EZFQ1 AGS (human female
adenocarcinoma, KCLB No. 21739)& AtE5YCt MEFE= 10% SEHOFRHA, penicillin (100 U/mL, Sigma-Aldrich), streptomycin
(100 pg/mL, Sigma-Aldrich)0| &7+&l RPMI-1640 BHR|E AFRSI0] 5% CO,, 37°C ZHO|A] AHICHEQF SHFCE

H. pylorRt AGS MIZo| 2=H|

H. pylorie 10% EHOIE A} 0.4% EL22ZM0| ZIt=l RPMI-1640 HHR[Of| BHSHHA 4A|12F ZHHASZ ODeeolIM S &=
(UVmIni-1240, Shimadzu, Kyoto, Japan)E £d5I%UCt S LS S 24 HAIMO| t4e=AI7|01 24A|12H BIXEl H. pyloris

AGS NI E2t S-S 20l 2-E5HAC.

HY =l AGS HIE% QUAtAZZM(pH 7.4)22 33 MZ = 10% REOIEYE 0.1% BEL22EM0| Z7HEl RPMI-1640 BiZ| (44
a|&7h) L5104 2 x 10° cells/mLZ 2IZ 100 mm MZBI ¥ A|(ThermoFisher)Ofl 5% CO,, 37°C 20| M 24A|2F BIYSIRICE

HHQEE HIEOH HrZ oMY = 24A|7t BYAE CiSA2|Q| H. pylorie MEBIYY HE = HiZ|Q| 2|F ODeoo S&EZ7t 0.01,
0.02, 0.047} &£|=& HZ5IACE SSHIXE AGS ME= A|ZtCHEZ EZLI(WelGENE, Gyeongsan, Korea) 2| & =7{5t0] M2
£ U MIE MZ8S MTT assay (ThermoFisher)E Sall Z2Z3ICH H pylori BZ & ME MZE0| 215171 0L O|H|St ODgoo S2

o
=2
Z 001 A2US 2SI 2|2 2ACZ MASH0] 0|F AEE 2IsstACHmultiplicity of infection, MOI 50).
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H. pylori 3SHIY & AGS MEZZE N XM

H. pylorPi| 2|8t AGS NEZE FdE BM57| Qlof HAIZH M F4 LS HAISIUCH H. pylorRt SSHIZE AGS MZE 5%
CO,, 37°C ZH0||M Real time cell image system (Carl Zeiss, Oberkochen, Germany)& O|235}0] 24A|ZF SOH 1A|ZH 2HHC 2 &t
FotUC MESE FHP = 2HIE M AR 35 AYWHIIE Safl O|F 0 XLt

H. pylori &4 QIZQ| Yl B4

Ch= BIHE A pylorRt AGS MIEE S| BIYE H. pylorig 471510 RNAS Z£5tRICHQiagen, Hilden, Germany). & & RNA
= NanoDrop 1000 Spectrophotometer (ThermoFisher)2 d&F & reverse transcriptase (Qiagen)2 0|235t0 cDNAZ YA AL &
QICt. O|F Table 12| primer2} ZH2Z ¢cDNAE PCRZ ZZ(SimpliAmp Thermal Cycler, ThermoFisher)3tl Z7| Y5 & HHEO]
Z=E Imajel software (1.53e version, NIH, Bethesda, MD, USA)Z £ 3I¥UCt 2= A7| = Y= &= housekeeping KAt
Ol 16S rRNA R2to| grsizko 2 E Y (semi-quantitative digital analysis of PCR)310] AGS M|IZ RNAO]| O|¢t A 225 2|As}

FRAEH35). H. pylorRt AGS MZEL| B2 20| Qlgt H. pylori B QA YWdd Hat= 22 HIZ|O| H=2 2 BidE H. pylorel
g QAL E ) H| woto] 2AYSHRACE

[

ol

ol

M
Ay,

Ofm

Al

k= WA + BEHRIZ BHI|5FYCEH SPSS version 27.0 (SPSS Inc., Chicago, IL, USA) 22128 0|83510 Student’s t-testet
repeated measures of ANOVA (Tukey’s HSD test for post-test of multiple comparison) EA4E2MS AA|SIFCEH p<0.05¢ LR

7|2l 2{0[7} AT THEHSHUCE

Bl

Table 1. Nucleotide sequences of primers and PCR condition

Gene Sequence (5™-3) Annealing Cycles  Size (bp)
o SOSCeTTIoN s o
oo AT 2w
s e 3 ASCSOCTIOMONGEIS 5w
e 3SSSSOIAGCATIMCIS 5w e
o SOOI, s o
oa JACTICCCACC s o
L e Immsomosmee s 0w
aa SSASATIGACACCICG 0w
o JACMMCCAICATONAS 55 30 osg
et e 3 SAACOGCITICGICA S R

. 5-GGAGGATGAAGGTTTTAGGATTG-3’
House keeping 16S rRNA 5 TCGTTTAGGGCGTGGACT-3' 55 30 390
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RESULTS

H. pylorRt AGS ME Z4HEfF =A

Jor
o

H. pylorig 10% XENOIE Y3t 0.4% ELZEU0| ZIHE
23t H. pylorf= BIY T 12~36A1ZH0IM o HZHo|| ©2 —;-
OE'-TLOHH gHl5| ZAGHe #RE 0|83h= 20| 225122 2 A= Y 24A|2t0] 2Lt 73

B Q) & &lofl 0| Z3tULt.

640 BR[O SFSUAHBIAY 22 BT ODeoo EEEE 58

o g% 7t FL(EFSAY)E 2R H |g 1). H. pylorig E&%t
=2 A ek

= o

_IP> 2

=

=37 H. pylore AGSOll Z2|F ODeoo S&E=710.01, 0.02, 0.047t E=& HE F 24412 & MZE ME2EES 245IUCE H.
pyloris BESHA| 42 MZELL Bl Al 2E I 0M ME E222| Rl 207t 2| AL B 247t

I YZE0| 4ste S 2UCH ME YE 20| Habot 4E 200 & IS 22

oS YT = iR(Q] 21F ODeoo S8=70.010] 2 =5 2E5HA=20 OI[[H MOIE 50 0

[RAEF (Fig. 2)
MOI 508 H. pylorig AGS MZO| HZ Al MEZE Fd 28 M0 H. pylorRt AGS MEQ| 42288 RZ5IUCE 1 A3t
H. pylori 8Z& O|F 1A|ZHRE SEHLME H|Z0| ChRZ0|| H|sh RLHE22 SIt6t7| AR, 16AI7HRE SEYH/GMZES| b
20| 245 S7tst/ 0 24A17H0l= 1 H|E0| 2{1d8E FAISICHp <0.001, Fig. 3A).
25 1 100 -
—F .
2.0 A =
< 80 —
. < B
il = 60
=) E:
© 10 = 40
[}]
(8}
0.5 4 20 -
0.0 T 0 . . . .
0 8 16 24 32 40 48 CTL 0.01 0.02 0.04
Incubation periods (hour) ODy,, values of co-cultured H. pylori (24 h)
Fig. 1. Growth curve of H. pylori 26695 in thin-layer liquid Fig. 2. Viability of AGS cells after 24 h in the co-culture system.
culture in RPMI-1640 containing 10% fetal bovine serum H. pylori was inoculated with the bacterial density of 0.01,
and 0.4% yeast extract. 0.02, and 0.04 OD600. CTL, bacterial-free control.
(A) (B)
120 - CJAGS -~ CFU of H. pylori 2
— 1 AGS co-cultured with H. pylori [ 2°
x 100 A 100 4 —
:_;)/ L * = = =z = | 20
3 801 {.-lll S 80 A >
8 ¥ = F15 o
e 601 ¥ Z 60 - 'r|
% *% S / L 10 S
S 40 4 > 40 3
g . Hi{'l} 3 5
20 - {.{. 20 - - I
Jaiuass |
0 __.I | N NN NN N N N N N N N N N U U S N A S N - 0 T T T 0
0 6 12 18 24 Oh 16 h 20 h 24 h
Periods of co-culture with H. pylori (hour) Co-culture periods

Fig. 3. (A) AGS cell population showing intracellular vacuoles. The cells were co-cultured with MOI 50 of H. pylorifor 24 h. (B)
Viability of AGS cells (bars) and colony forming unit (line) of H. pylori after co-culture at MOI 50 (*x*, p<0.001).
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ti=SA219 H. pylore AGSOll 21F ODeoo S&%= 0.010] E=F HZ & 0~24A12k0| ME MZE1 H. pylorR| T2Hd’d(colony
forming unit, CFU)S 2415t Z1} ME MZE0| (R 22 £202 Q|51 H. pyloris S dH= 248 &0l 4= ULt
(Fig. 3B). 0[0]] 2 AFOM= HaA L MES| 40| 25 &L= 2|F ODsoo S&= 0.018] H. pylori BE T 16~24A|2H00| H.
oyloriRt AGS MZ 7+o] B2 59| 4T 2H20| 713 gdtst Ao 2 05510 O A|FoMel H. pylorR| B Q2 YAEEE 245t

At

H. pylorRt AGS MEQO| ASZIR20| 2 H pylorr B QIR Bt 20| £

H. pylorRt AGS MZ2| A4S 2EZ(HP-AGS group, 3B )0l 25t H. pylori o4 QIxte] &l Hat= 22 HiZ|0f THEo 2 i
€l H. pylori (HP-Alone group)2| &4 QIx} Wit H| w50 2A5HAUCE cagdl| B 16~24A|2HE2 HP-AloneOi| Al 80| &=RF
o0 ROld2 16AI2k 24|12t M ERIE|QACH MEZELHH0]| 20I5h= vacASl B 16~24A12+E 2 HP-AGSOIIA 50| %2
O, 20A|ZH & 24 A|2ZH f % 2t p=10.065 2 p=0.0672 SAH 2{0|E ZUCt. CHE 8712 HRH QA= 16A17F L 20A|ZH0M =
F2|HQl 20| 0|2 giteL r 24K|2t2] HP-AloneOllA RO M2 =2 £F9| grofl, ojpA9| L& & EUCt (Fig. 4).

0‘_}.
ot

r_E 1

ol HolfY 201 B|SIRACE HP-AGSE

Repeated measures of ANOVA M8 E3l 16~24A|7F SQto| Held Izt
| vacA 231 (p <0.05)8 2Lt (Fig. 4).

HP-Alone®t Bl Al 2 72| cagh 8l (p<0.05)1 =2 £F2

DISCUSSION

H. pylori= S HEA7|FH(WHO)OIM 2|45 15 & AT (2). THYTt H. pylorR| Fad QA7 2| Ldo| fIF=S
WA0le A2 BNE|ACLt H. pylorr ZE2t 9| L] T 7|2 S| # IR RUA. Ol H. pylor?t 28SE &
O &3| S| R| 2 Y A0 Falg ARt Of CHY5iths £ 0|20 = FAY Q1Ate] L3 0| M4 &F0f| w2t &

) 16 h OH. pylori alone @ H. pylori inoculated in AGS ® 20 h OH. pylori alone B H. pylori inoculated in AGS

K%) » 0.066

g 5 S 5 —

° Q@

= =

o 4 o 4

17} [}

] ke g

g sl g o

@ [

g [0}

s 2 ; S 2

o (o]

[} [}

2 1 a5 1

9] 5]

© o9 lll € 9
cagA vacA groEL flaA ureB alpA oipA sabA babA ahpC cagA vacA groEL flaA ureB alpA oipA sabA babA ahpC

© 24 h OH. pylorialone  @H. pylori inoculated in AGS () —o= H. pylorialone <~ H. pylori inoculated in AGS

2 w 12}

% 5 T cagA - ° vacA *

= 2 5 2 5

2 4 s s

A * B 4 5 4

o 0.0r_|67 — 3 @

g 38 s 3 s 3

8 | x * 8 g

% 2 i i 8 2 L - J) g 2

S g ~d--C 8

¢ o ! o 1

£ 1 2 >

% Ij ’l’ Ij ’l‘ E ° E °

Z e 16 20 u @2 16 20 2
cagA vacA groEL flaA ureB alpA oipA sabA babA ahpC Co-culture periods (hours) Co-culture periods (hours)

Fig. 4. (A-C) Comparison of the gene expression levels of virulence factor of 4. pylori at each time point following the
co-culture with AGS or not. (D) Changes in the relative gene expression levels of cagA and vacA over 16-24 h. H. pylori
co-cultured with AGS cells showed a lower pattern of cagA expression and a higher pattern of vacA4 expression compared to
H. pylori cultured alone. H. pyloriwas cultured with AGS cells (HP-AGS) or without (HP-Alone) in RPMI-1640 containing 10%
fetal bovine serum and 0.1% yeast extracts.
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22|10, A7 ZE-MAlSHE @ 22 &HFE HYH o2 55| ©E7| IZ0|Ct O|2{8 o232 283t H. pylorr Z4E ot 2
HHlo] 7| S FESI AL U2 HROM LMIEZEQ AGS (human female gastric adenocarcinoma)S &85t UCt (29-33).
AGSE MTIMI QEZM H. pylori?t B21510 SAGHE /n viveQ| QATIMZS| EAE 7HX|1 Q0| MA| ZHoAM2| M=ot HYY
A2t 2z2tof ofst ¢S 2HE Ao 2|1 UCtH

CHSH M ATOM AGS MEE E8%t H. pylori ZE 1 HRIZ| W AT} Rl D 2|2 CHEZO| HAFIF AGS MZEEE

[0
glis
iz
=2
1]

I: o
Z2|0{A U1 H. pylorFAGS MZE AS220| H. pylori EHA|0] 0|2 = F&F AF= 0§ O|H|5HCH (30-32, 36, 37). Y5 M
OlM H. pylorF AGS ME 4E220|| 2§t H. pylor/ RUAL YUEl HetE 245Ut HHHYM| H. pylori EYL 2 Qs A7[7H 574

o
7). SR8t Ol= H. pylori?t &3 MO0 &

HS & o= 9101 2 SHHIYA|IZH3~6AIZ UWel) ZHE &85t ATt (30, 32, 33, 3

2lot7|= ZEstL 4S5 2E0|| 25t H. pylorR| AL 2| HetE 24517[0l= 0% &= AlZHo|Ct

0|0 £ HPOME ZAIZE B BiFst &~ A= 2AS SIS0 H. pylorFAGS ME MS2E80| H. pylorR| CHEZ QI 2| dhAll 9]

‘g Qlztel Ysof O|x|= Fak2 2ASHRACE Gl H. pylorR| S8 HIY Al MEES % | AGS MIEE 2| 420l O|2|= Fg

S 2|A5}517| 25101 0.1% ELREMS SLEIAUCt 0.4% EDZ2H0|| M7t HYR|O|M H&SH H pylori= 0.1% ERZZUO|

271l S QY 2HME S H5(CFU)S RAISII 2D AGS MIZE 42 AA| 818t 4~ QUUC (Fig. 3B). L3+ H. pylorPl| 2|5t

AGS ME XYY HEE BM5I0] BE 5 16~24A12F AO|O|| H. pylorFAGS MIE A4S 20| H. pylorP] 0|2 GE0| MY 2 A

o=z HESIFL O A|ZICHE BIEIR 2 H. pylori B Q1AL Lol HstE 2MSIUCt (Fig. 3A).

CagAE H. pylori 1Y L 7|0l M 7+ B2 S0t ~3E Bl QIZIZ CagA THEZO0| MELHZ RYUE 0] MEZSHE LIEtH2

2N S fUsHE o2 LA QUCt (11, 38). O] M Q1A= H. pylorR| & 0|29| s&, Nall 55, 240|255 2|49| §i5}
H 280|

St 22 MAEH Efaf L80| Ze2tA= 20| MUAFOAN BENEJCH & AFUNE H pylorrAGS ME 70| A
fote Z40] ZQIZ|ACt (37, 39-41). cagA QIAte] & 0| Ytz FEbst 7| M2 FYE(R| §E4A|0F Mol

SHAOIIA Lo10| AT £A0|2sER|4, AT A 0|2 55, =2 NaCle| a0 E30| S7tete
= H. pylori7t /40| 805t SZ0lA W3O SItet= A2 EQICH St2|2H AGS MIZEO| 225t H. pylor)
| H. pylori 2T} b”Cdol SoreE Bast MEl ?(29) ot= g2l & H0|MEe TS 2 HiYSt H. pylorPlM S7t
IOl §S 20| 28t H. pylori HE QIZ}
q

=2
x

:

rlo
2
2
o
o
mn
Rl
P

TR
ﬂ
9
i
€
AN
o
o
\UJ
I_l_r

nf} =
AHHHQE S A, ,oy/or/— E—r—r st
FEl 20| 2 HOIC} cagAIt 9 g

o .
2 cagAc| H Z7HI7IE 2917} 70| 250 &S| FYE LIt UL HS HOR M2AECH

vacA= ME SEYYE fste Y QA2 WRE2 H. pylor?t BRot)
A O|4E RYUSI MEABAIE FEUSEZN 2 2y °|%*EE 37
pylorFAGS MZEo| oyl U=
4, p<0.05). MEZZEHY H|20| 5435| 7 faﬁ‘:d 24A|7”1H01| vacAQ| ¢ @ifolﬂ =) UAACE,

AGS MIZZ2tO| B/l k0] o5t 4T 22O R Qlaf| vacAQ| BHGI0| SIHEIS &QIE 4 Q= ZutE M AT Zntet U2|SHAUCH (29).

_0

GroEL2 H. pylorPlA 2H|%|0] Z2H &0 Z2E = S 71x = AR 22iA Tt (43). E£8t heat shock proteins@Z2A] CiAl
NZ S8 AFst0] gty ASS Kot Sel0|Ct (25). J™O|= 7311 groFLo| (¢ By T|
A AAl Al {2l B glen, 220 H Y SO L2 AYEI ROz 52 20| Sl
QUCt (44-46). 2 HHAO|M= grofLe| & 3_ 16 Y 20A|7+01|_ UASLE 24A|2t WO ROIHELE H. pylorFAGS SHHIYF ZZ0A

230 ZATH 40| EIL|ACH 2 HFO0IA 24A1ZHHO H. pylorFAGS MIE SEENFOIM H. pylorR] Y 2212 (adhesin) Q!

52 FSE 0
02
%

0ipA (p <0.05), subA, babA2| 'LU30| ZASIU=0 Ol groFLo| Lot £212H Lao| WS A E E0st MeKet A
2|5h= ZOICH (47). SHA|TE @ Y2e| =2 HEAZE MEH E1E groflo] LaHeet HolV|HE2 SLAFM S AHM5|

FO0{Aof g L2940l ALY,

H. pylorR] 27| | 221 Zzt U HoI7| -0 HE2(fad), LARNRA(ureB), ZHE B2I12HalpA, oipA, sabA, babA), L &t
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