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Helicobacter pylori is an important factor of chronic gastritis, digestive ulcer, and stomach cancer. CagL, a virulence
factor of H. pylori, is well-known as a pilus protein which acts as adhesion to host cell and a component of Type 4
secretion system. In this study, we evaluated the protective response of recombinant CagL protein (rCagl) using
Mongolian gerbil animal model for H. pylori infection. The cagL gene was cloned from 26695 H. pylori followed by
over-expression and purification of the protein in E. coli. Mongolian gerbils were immunized with rCagL. protein
mixed with aluminum adjuvant via intramuscular injections once a week during 4 weeks. At a week after the last
immunization, the Mongolian gerbils were administrated with H. pylori 7.13 strain into the stomach and sacrificed to
measure antibody titer on rCagL. by ELISA and bacterial colonization in the stomach, and to examine the
histopathological changes and cytokine expression at 6 week after challenge. Antibody titers on recombinant protein
were significantly increased from a week after the first immunization. There was no significant change of the number
of bacterial colony between control group and immunized group. The relative stomach weight was significantly
decreased in immunized group, but the significant change of histopathological assessment was not observed in the
stomach. Cytokine expression such as IL-1B and KC also was not significantly different between control and
immunized groups. These results indicate that rCagL could effectively induce the formation of the specific IgG
antibodies. However, bacterial colonization and histopathological lesions could not be inhibited by the immunization
in the stomach, indicating not enough protection against H. pylori infection. We consider that along with CagL other
adequate antigens could be needed stimulating immune response and inducing protective effects against gastric
disease, and also a better adjuvant could be considered.
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Agre] oiEet mwl Aol J1ASE 28 94 A A9 AU A FS sk ofelhx) gage = whs)
Helicobacter pylorit= Z3GE AR 20% oJAto] T ¢J&A4 L Ao 2 X 7x]o] 9tk (Marshall and Warren, 1984; Parsonnet
et al., 1991). H. pyloriz= A|4% H4]7|ZHType IV secretion
o ol x] BT e e
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pylori®] A& E4 Q1*} 5 Cytotoxin-associated gene A (CagA) =
A4 Bul7lBo] o) SFAE W2 AP ofBate] &
FAEZO AT AGAAE aTAA vHAFE AAMZ £, E
Al & & (hummingbird phenotype) ]2kl &&= Al3E2] H|A
AH AR BA0lE, a8l AEAE 58 opjstel A
ploriol <J2k S8 WATFIN PUES 2N 2
A= e A Qlok(Segal et al., 1999; Amieva et al., 2003).
22 oY =EE2 CagLE BAE A=2L dildo) FE3|2
I QE=H|(Kwok et al., 2007; Tegtmeyer et al., 2010; Shaffer et
al., 2011), CagL& Al43 Bu|7|7 Telo] ZAJ5H Hakelx
ot &FA|Z W= CagAE o|FAI7|=t] BaT A& g
olt}. CagL& AAZ H. pyloris ZAAFE W A2 A
IL89] Bulsao] 9502 ATk AT AN} BiE
6] 9] ©.m(Covacci and Rappuoli, 2000), ©]+= Cagl.©] H. pylori
o] o] §lo] F8% IS FatIth= AL AAET

H. pylori ZFgel o3t X] 222k 2 2 &= proton pump inhibitor
o} A7 dRtstE o] glovt A Aol et KR =t
H. pylori A¥&o] F7Fet= ALE vehtal ith(Graham,
1998). F|Loll= A2 T2 55 0|83t vaccinationo] 2
& H. pylori ZFYg X 2HOZ AA| =1L Ith(Rossi et al., 2004;
Wu et al., 2008). Vaccination?] a3t4Z22 93 & RdE
o) AH§EI T QU H. pylori HEE FET W92 58 BY
© HEF H. pylori®] WSt @A Asten], 4202
HAo] |AEA Gevhe Dol Yk(Del Giudice er al.,
2001; Ruggiero er al., 2003). E3t ¥ Fakof lojAx
gastric antrum2ThH= gastric corpusol|A] FHste] veEldth
(Sakagami er al., 1996). ¥| 1% Z|ZLo]| H. pylori ZFg ol o83}
A €AY SEEDLS W2 TR/ H. pylori 5o HEE 5
QO (Wang et al., 2003), Z7|9] gastric antrumoj|A] HHO|
Ufeht 91k 2 Qs Alkke] Akt SRR ZAHS
el HTKIsrael ef al., 2001; Crabtree et al., 2004). o] S0
A F2o] €%l Cagl BHA-E HASKZS W, H. pylori
Zrelo] S=8 AueA et wolzgol alx Brkstn
2} 5.

ME 3 e

CagL XHz=g} THEE! Z=H| 3 2101

CagL 9] §-AR= X% H. pylori 26695 #52 FE A=
S0 2 dojll & pET28a plasmid vectoro]] A|gt G4~ Ndel
T} BamHIE o834 AFgstact. 44 2a2 A& pET28a-
26695 Cagl-2 BL21(DE3)o] BUAg3Hc}. BL21 B4
A= Kanamycine (50 pg/ml)©] 59{7t Luria-Bertany (LB)
Broth®]] ODeoonm®] 0.57} 2 wj712] 37°C oA jeft &, 1 mM
IPTGE Y, 18X17H 5% 30CE A5} Tl Wae &
=gtk AES 108 SoF AR 2,000xg)5k] 23345
o}, R\ CagL T¥2& His Tage] N-L5 Zo] Zgtslo] 9|
ol o] olgale] Ralssich. HalE AlE SEAL 302 5
QF YAE(20,000%g)5tL, AFSHel EAet= AT Cagl

A
Jor

RS Ni'-NTA resing o] 234 £a|5l4c}k. Columne
500 mM NaCl, 20 mM Imidazole®] 3+ Tris-Cl buffer (pH
7.9)Z A ojUj1L, 100 mM Imidazole©] 3§+ binding buffer2
SEAA Qo] Wirh. dojdl &2 BCAE o] &34 A=t
o|gA E gk A =3 CagL T2 10% SDS-PAGE gel |4
shlsect.

SN
557 =% A"(Orient-Bio, Korea)Z =Yt dFU5¢r
23S AR AEEL H. pylori ZHE W22} H. pylori

9E Cagl 23 A (rCagl) HETL 22 Uro] ARSSHY
o} rCagL HZE7-& rCagl 100 pgd 43Y 7402 49 25
W HEstt rCagl JFA EFu|E NFHES AHE3HAL,
H. pylori Z+g 2ol ¥F0)E HFHEWLS 25 HE
3ttt 49A) rCagl FFo] B 45U &, BE Ao H.
pylori 7.13 FFE 1x10° bacteria/500 pl =2 U AE35A
10, H. pylori ¥ 634 B AU-g A AR 7|75
= A o] A F 3 AR ANFE G5t

CagL &7} &4

rCagL HE 0, 1,2, 3, 4, 73(H. pylori 7.13 35 7% 3%4)
ol 2 & ke Fo) A JfBste] AL EelstglL, 105
(H. pylori 7.13 = 4 E 65-A) A oll = Aol A st 348
shleh JE717t 53 FAH Bo] Cagl FAZHE v wsl7] 9
3l B g ASAH(ELISA)S AAsH L) rCagl& 100 mM &
A/ SR8 (pH 9.6)°]l | mg/ml Q] FEZ 3|4
stod 96 well o] 22 Ed|0]Eo]| 100 ng#] A 2]|5ke] 4TC oflA|
18412 Bt E2A A

rCagl& &&A|Z] ufo]3 2 ZH0|EE 0.05% Tween 207}
335 TBST (0.05% Tween 20 in Tris-beffered saline) 2 53]
AFSI} MSolhg-S ] 913 5% BSAWNZE B4
TBST -§-& 300 pl¥ go 2X]7k F<t Ao A Zesh vt
SA17]2L TBSTE 53] A| &5ttt

Aol A g XS PBSY] 1:8000.2 3]43}e npo]=
2 Z0]E9 100 plA Hste] 4204 2417t F1F ¥H3A|
ok AlAgN o2 53] A& & 100 w9 anti-gerbil I[gG-HRP
(1:10,000, GeneTex Inc., USA, GTX77588)E 1A|7F 9 Al
ol Al ¥R-3-A|H .

A2 & TMB substrate -89 100 pl& 258} 2 N 34
8N 100 pl2 2 ¥hE-& AX A1 5 450 nm Zof| A SFE
£ £74519t. ELISA 23}, 2 E A @39 rCagL HE A%t
ANAEY TFE g BH-S 7|EC R sto] ARV Bt 4
AY TFE Gk ST =& AAbstoh

XY M 4 53

A0 AR F 18 AEsle] 20T wret Drsta
S e AASETE 1Y) RS AAR 919 TAE S
Aok A YY) HFPAS wet o] SHB AT o5
B 9127 3 S BFPAIA oF 3 mme] 22 Fehy
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Fig. 1. Expression and purification of recombinant CagL protein. (A) SDS-PAGE analysis for pET281-26695 CagL purification processes.
Lanes: M, Protein size marker; 1, The crude extract of IPTG-induced E. coli BL21(DE3) containing pET28a-26695 CagL; 2, the pellet after
sonication; 3, the supernatant after sonication; 4, Flow—through solution; 5, wash-out; 6 and 7, elution with 100 mM Imidazole. (B) Purified

rCagL using Ni” Column. Black arrow indicates the expected rCagL band.

Wz Frto] ARSHEAL 3 mm ZEhd U] 22
£ 243 3 1 ml brucella brotho]] go] ZAEH7|=E
Astatact. Ak 91 22 FAuR o =ste] 37°C

£

Hehdl 3 mm 248 10% $4 E2UAo) 14 T, 92}
ol Zol, 4 jum 7o) 27 AL A2H5}H . Hematoxylin-
Eosin A4 AA|ekaL Fatdn]|g o2 JastTt. H. pylorid]
ofs) S SHTOINS] BHS 55T AE, 2T W T
9] & Y lymphoid follicle &4, 23} (intestinal metaplasia),
4] FA(hyperplasia) % o]a/d FA4 14 (heterotopic
proliferative gland) @4 Aol wa} gradeE 0 (normal), 1
(mild), 2 (moderate), 3 (severe) 2.2 0] H7}5}EHCao et
al., 2008).

=ZlojlA2] RNA == U real-time PCR

QoA o] FEeE Y1229 U] stttz RNAE F&317]
A& YA HE sclipperZ FoJU 3L Trizol (Invitrogen Corp.,
USA)E o]-83to] & RNAS FZ3131th 2 ng9 & RNAERT
Premix Kit (Bioneer, Korea)S ©]-&3}o] cDNAZ 343911,
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SYBR_GREEN PCR MASTER Mix (Applied Biosystems, UK)
2} MyiQ2 Two-Color Real-Time PCRE ©]-23}4] Quantitative
real-time PCR-E AA|3}%t}h ARE3L forward (F)9} reverse (R)
primer+ IL-1B3-F, TGA CTT CAC CTT GGA ATC CGT CTC
T; IL-1B-R, GGC AAC AAG GGA GCT CCA TCA C; KC-F,
CAC CCG CTC GCT TCT TC; KC-R, ATG CTC TTG GGG
TGA ATC C; GAPDH-F, AAC GGC ACA GTC, AAG, GCT,
GAG, AAC, G; GAPDH-R, CAA CAT ACT CGG CAC CGG
CAT CG 9t} $AA} vha o] At A 9] B7H= 2" “Ct analysis
method (Livak and Schmittgen, 2001)E -85}t 2LE real-
time PCR procedures+= melting curve analysisE ©]-8-35} %t}

SAHEA ot
SPSS 12.0 statistical package program (SPSS Inc., USA)<
£ A B7Ho] AHSHELT, unpaired restE T7kS] AT
%ol H7hshgich. Pglo] 0.0 ofahe v S fel2h L
£ Ao Fsgek

[~
[
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Fig. 2. Changes of body weight and food intake in Mongolian gerbil immunized with recombinant CagL protein during experimental period (8-9
animals per each group). (A) Body weight change (B) Food intakes change. Data are presented as the mean+SD.
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Fig. 3. Antigen-specific serum IgG response in immunized Mongolian gerbil challenged with H. pylori strain 7.13. Recombinant CagL
protein-treated gerbils were intramuscularly immunized on weeks 0, 1, 2, and 3. All Mongolian gerbils were infected by oral gavage with H.
pylori 7.13 strain at 1 week after the last immunization. The specific IgG levels were measured using ELISA coated with recombinant CagL
protein at different time-points during immunization and infection. Data are presented as the meantSD. The symbol * indicates a significant

difference at P<0.05.

IPTGZ A=Y, & o] 5= 10% SDS-PAGE gel2 Z
719535t gelslgth(Fig. 1A). 10% SDS-PAGE gelo] 4]
BL21/pET282-26695 CagL THd o] Walo] EeisHA Yeht
= Zo] FIE QI3 (Fig. 1A), I & crude extracto| A Nickel-
Chelate chromatography S $3f A 2¢} Cagl TS 3}
S, AAE Sz 27 kDa =9 AE I7|1E 7}7<IJ— A
SItH(Fig. 1B).
rCag®] Fo] AHTE $lol &4 HIE U=
18] ste] AP vl AP AlF} A A=k
< SA5tTHFig. 2). 105 Fete ARV 58 A5
pylori 77g t)Z273} H. pylori 7Hg rCagl A5+ 5 FASH
F71F S e, A A £ AlF Zol= A
RAch AbR 2B ESF rCagl JHEE AM JFsHA| gh2
AdAatolof F-o A1 HBKELE HotLH|F 4.5 ¢ AE)= B
E|R] Stk AS557 A= Al aH] S Hils AE5EY
A A AAHE SUH R ddd 5 Sl 2A7F Eok
o|H &t A= 43] 9] rCagl ZEUH FFo] Aol qlof 2184
st W AF5HL 5Y 2EH A g1o 2 25| gtthe A

(A)
= 1000000 r . *
9
g ' $
€ 100000 | .
*
° *
o 10000 f
o
-
& 1000
£
=
£ 100
]
L
8 10 f
v
©
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1 L ,
control cagl

< AAsh= Aol

rCagl &Y HEo| 93] A Eo] IgG A =22 ¥
7¥s17] 8l 439 rCagl TS HE 9 H. pylori E 354
oF BAYAI(H. pylori FF 65FA)vItt BFE £25to] ELISA
Yo Eo] IgG A +F= SAsHAtHFig. 3). 1 23,
rCagl -5 Foll sl 5o] IgG A7 roH oz &4 3
dE= S ERlstgth EO] IgG A £FL rCagl 25U
HEAH A5 $7E F36HA S7kste] miAg 25U HE
Alof =A% Al E% 401]/\14 £0] 1gG A &2 rCagla 3
FIHA] g2 Ao ulsf oF 80u] H= F7IskATH A SJAYA|
9] 1Cag HFe] AYY IgG FA| 452 rCaglZ FF3HA
2 ol H3l oF 60ul H= = A UEh, B/44€ 1gG FA7H}
A&Ee Fes TEd 5 AT

1CagL 2| HAS7} A o] 1ol A H. pylori F2t3}e] ¢
& AR B7Hs] sl AdeE 2dsste] n2r)d g
7oA wi et & Hetetd Al Aol A 23 Wl Alete]
£ A4St tHFig. 4A). rCagl FE79} rCagL HIHZZALO]
o] AW Alat = FolZQl SASHE ZpolE UEhA &gt
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Fig. 4. The colonization of H. pylori infect in the gastric mucosa of Mongolian gerbils and relative stomach weight per body weight. (A) The
colonization of H. pylori infection in the gastric mucosa. The number of H. pylori in the gastric mucosa was evaluated using a whole stomach
culture system. (B) Relative stomach weight. The symbol * indicates a significant difference at P<0.05.
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Fig. 5. Grading of histopathological changes in stomach of H. pylori-infected Mongolian gerbils after rCagL immunization.

o). o] 2L rCagl o] Wle] o3 So] IgG FA B 57
o= FYHYA FHE 1gG FAHH. pylorie] el
G v XA EIhArks 2 AR

H. pyloriel) 298 AR $Heke 557, Y27 5o 4
ZAE F:8 2 lymphoid follicled] §4, +3, $4222] o|F
4 5o el Ygoz Qs sigse] uFET a2 I8 .
pyloricl ZHAHA & ARl Bl8) 7A7F F7Hek7] o]
heo@ R Hl&e SAska, §127)) e el sk
B718 WA FUBAE Cagl BERO] 9127 FAw]
2o rCagL HIFF ol W3l fY B2 Fash RS Beldt
GOLk(Fig. 4B, P<0.05) $I2Ho|4 2] el 255 HrtolA
£ g Aole] fo)Hel ol 2 T 4= §THFig. 5). A
o H. pylori 7.13 3% 29 6372 1244 % 552 why
BES AR APYANA Lerbs g, $149) FeEel
WotSo] Fulgel Ushbd mHtd, £ 2 BE FFe

zr IL-1g

Relative mRNA level

control CagL

lymphoid follicle®] #%4 @ Y=78 Eget wai7e) Wga}
AP ol WREE TS Yehhodeh v 3570 4
& 9 9A0] ZAT} ol a4 414 914 BAO) WL rCagl
RELOIAN 1 AET} ashs AASE BRE AT EA T
B fola it o) 7-e ATE vlRo] Ko}, rCagLe) WY
slol] oja) A oA ] WAFAAR L A1) Fd
Ao AzkErt,

rCagLe] WeIslo] ol SigureA HolEFtele] WA E
7} Wssher] B71s7] $1a) IL-1p9} KCO] mRNA e
£ real-time PCRE o]-85}0] ksl Z4stoAth(Fig. 6). H.
pylori 2 652 IL-1p9} KCO] Wr@A B 1Cagl HE27H
Bl olo] $olHQ) Aol B LA iske. ol At
£ =7 Aolo] Aol AW Bz AT Aok
Ao Azer.

At 58 mEloA o] WAl Aol A ofHlEs) Rolhe

Relative mRNA level

control CaglL

Fig. 6. mRNA expression levels of IL-1f and KC in gastric mucosal tissues of H. pylori-infected Mongolian gerbils after rCagl immunization.
Quantitative RT-PCR was performed with RNA isolated from gastric mucosa. The levels of IL-1p and KC were normalized to those of GAPDH.

The data are presented as the meantSD.
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7} vro] WS gAstn sk F83% 93-S sk AL
2 A4 A Qth(Marchetti et al., 1998; Lee, 2001; Wu et al.,
2008). &F0]E NFHEE 2R FAY wfiZol AEelA A
L= o)A gkeh H. pylori o] g A ATAA EFulE o
HEO| H. pylori L& 4o AAF HYS Fedhes A2
o8 F5 Zdof|A FAG Fr o o] UYL FAshe AL
2 RuEojx th(Lee et al., 1999; Gottwein et al., 2001;
Maeda et al., 2002). 1} S5E Bdox] S2u)E oFHE
oF AHHEE A=t toxing YW HEsk] AMESto] H.
pylori ZFFS) gt WolJ=E v|wet Ao AU IgG
A B =E EFrE AFHEZ E0ARE Ao of
gt Wro] &2 toxin ofFHERTE A Ueht wo] aalyt AJgt
Holgt= o] Bag vt §lth(Wu ez al., 2008). o] A-Fof| 4
= gRu)E ofFHER I FAE A4 HYE F=5H5
< o @Y Bol 1gG FA7T Az =4 FAEHUA
9 AT Y] Aot F=E), HE2AE A4 9 Ro|EFt
219 mRNA L&A= F92Ql Zfol= &l & 4= glof A=
2 el gt dFnlE AFHE AR ATES 7H= A
o2 Atz Et}h # 2= cholera toxin (Durrani and Rijpkema,
2003; Jeremy et al., 2006; Nystrom et al., 2006)°]\}; E. coli
heat-liable toxin (Lee, 2001; Sougioultzis et al., 2002) ZH2H
2 AF5H= olFHEES o8] 55 oA H. pylori vaccine 2
2 ARSI A =R 0] HaE a1 it} 1A% cholera toxin
o|L} E. coli heat-liable toxin®] A9 HYE G =3l= o] FHE
2 B2} FoluAIRt B4o] 28 Al AFSE 4 ¢
= eo] Itk 3k . pylori 2ol 2o} A 714
2e AL Tmeh A7EA olitel U AL ), et 2
o gt WolaIr} FHojuths E17} 1oJ(Wu et al., 2008),
ol = H. pylori®] TASSO|A =2 U&dS UE = CagA &
= CagC (Taeral,, 2012) 51+2] 3 HF U IAH HIS /=
SHe ojEwES] AHg 58 AlTste] G2 AW WAt 9
& 0= g7k,

ol41 A4glo] 27HE vlsol ot H. pylori 2ol el $
o W] yhg 9 2 wol EaE Uehlz] Ao Cagl s E
e 12 TR A2 U AE W HEH R WA W o
Mot wele waH e fral] 98 HEA Qs ol HES)
R P LML E Y

58

Helicobacter pylorit="9t4 914, 4314 A, S =23
o3}tz Q1R shtolth. H. pylori?] EAIQIAE Cagl e &3
A|329} H. pylori®] A| 4% £1]7|2HType 4 secretion system)<
AA3l= adhesin @ 2 2H25)= A R 2 H. pyloriZ| 2HY
shed a3 982 ot AL R d3A Qlt}. o|H Ave A
Dol H. pylorig ZANZ & A 0|85t Cagl A3
9 AS A S o Ueh= 235 B7kstglch A=
Cagl2 SE2HUL, IPTAAA AAte] Erlstgict AL
H. pylori Y9 223} H. pylori 7+ CagL A2 Tz

FTHOE ERILL, FFA EF0lE HFHEE AHESH

A7 HH 2R 43] I8 HFSHAL, AT HF 47
%, BE Auo| H. pylori 7.13 F5E 1x10° bacteria/500 ul
T2 i T8ttt H. pylori ZHE 6574 g AU-& 3|48}
o] @4 1gG §HH7HE $I%F ELISAE AASHA L, floAe
A&t H. pylori®] 7}, W2 22 5H4] 371 9 Afo] £l
FRAAPEES AT Cagl 27 dHAYFE 479 &
HE H. pylori 7+ CagL A2F Tz JFLo U IgG
FAPGo] Ao FrIstA) oA AshE At
£ 529 2oz ek A A|Fel tigt HFA HEE H.
pylori 7+ CagL A 23 Thil o] F-o2 0= 43t
o} 2| 225 BGrlol A= -9 A<l o= BRIGH] Rl
k. 2Jof|A2] IL-182} KC (IL-8 homologues) 2] - AR FJ ==
5 ZAtoof ol - 3 Zpol= fliet. o] AiH= Cagl A=2F
o o] JF-2 1gG FA P antr o2 AF5tA Tt |
A3t ol A Al kY] 74 W A E Ao W7 =
FESHA] &3 AR yehgow, ¢Ho g H. pylori ZHdel of
3 fagh Wy vk 9 A9 o] avg vehlr] flsiA
Cagld Z3e T2 TR 2T FU A L HxHoz A
Al g Hut A aitR e frshy| s A8 UE
NFHEL AMG-S aEfafjof & AR Atz Ert.

2ol g

£ ATE AAHSEL X 2ehs} 201 1A% mgtulo] ofs)
o] 0]20] % 2(6-2011-0032).
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