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Abstract

Helicobacter pylori (HP), a common human pathogen which infects about 

50% of the world’s population, is associated with duodenal ulcer, peptic ulcer 

diseases, gastric cancer and Mucosa-associated lymphoid tissue lymphoma

(MALToma). Gastric cells apoptosis induced by HP were reported to be involved 

in the pathogenesis of peptic ulcer. Our previous studies have demonstrated that T

lymphocytes from gastric tissue of HP patients expressed TRAIL, which could 

induce apoptosis. Furthermore, HP regulates TRAIL apoptosis signaling in human 

gastric epithelial cells by down-regulation of cellular short form of 

FLICE-inhibitory protein (FLIPs), which leads to enhanced assembly of the 

TRAIL death-inducing signaling complex (DISC) and caspase-8 activation and 

eventually apoptosis.

In this thesis, we further study the HP factors which regulated the apoptosis 

signaling in host  cells , HP mutants  with gene deficiency in the 

cytotoxin-associated gene pathogenicity island (CagPAI) were screened to identify 

the key factors in inducing apoptosis. Our data revealed that the induction of 

apoptosis signaling is dependent on the type IV secretory system of HP. We found 

that mutant strains with deficient type IV secretion system lost the ability to 

induce TRAIL sensitivity. Furthermore, these mutant strains were unable to 
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down-regulate FLIPs and caspase-8 activation upon TRAIL treatment in human 

gastric epithelial cells. In contrast, CagA mutation showed no effect on 

HP-induced FLIPs down-regulation and TRAIL sensitivity. These results indicated 

that type IV secretion system of HP, but not CagA, is critical.

In addition, in host cells aspect, we also explore the signaling pathway that HP

may disturb to down-regulate FLIPs expression. Our results indicated that HP 

suppressed Akt (protein kinase B) activation, and there is a correlation between 

Akt activity and FLIPs expression in human gastric epithelial cell line. FLIPs 

expression was down- or up-regulated respectively by inhibiting Akt activity or 

over-expressing Akt. We further investigate whether HP disturbed Akt signaling 

pathway to induce TRAIL sensitivity by using Akt-overexpressing gastric 

epithelial cells. Over-expression of Akt mitigated HP-induced apoptosis, so these 

results indicated that HP modulated FLIPs expression to enhance TRAIL-mediated 

apoptosis partially by disturbing Akt signaling pathway. This study helps us to 

understand the mechanisms in inducing apoptosis by HP, and thereby to identify 

key factors which may help to design treatment of HP-associated diseases.
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1. (Helicobacter pylori)

1982 Robin Warren Barry Marshall

37 (Marshall and Warren, 1984)

(Morris et al., 1991)

(Brown, 2000)

2. CagPAI(cytotoxin-associated gene pathogenicity island)

(Type IV secretion system)

cytotoxin-associated gene 

pathogenicity island(CagPAI) CagPAI

(Backert et al., 2004) CagPAI

30

(Censini et al., 1996) CagPAI 120-145 kDa

Cytotoxin–associated gene A (CagA) CagA

(Covacci et al., 1993)

CagA CagPAI

(type four secretion system) CagL
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(integrin α5β1) (Kwok et al., 2007)

CagY CagH CagI CagA(Pham et al., 2012; Shaffer et al., 

2011) CagE ATPase

(Censini et al., 1996)

DNA

(Abajy et al., 2007) DNA

ComB (C. jejuni) Cjp/VirB (Bacon et al., 2000;

Hofreuter et al., 2001; Karnholz et al., 2006) DNA

(peptidoglycan)

muropeptide CagA

Muropeptide Nucleotide-binding oligomerization 

domain-containing protein 1 (NOD1) NF-kB (Viala et al., 2004)

CagA EPIYA(Glu-Pro-Ile-Tyr-Ala)

Src family kinase(SFK) Abl kinase

phospho-tyrosine-CagA(Asahi et al., 2000; Backert et al., 2001; Stein et al., 2002)

SHP-2 SH2 domain SHP-2 CagA-SHP-2

MAP kinase (Higashi et al., 2004; Higashi et al., 2002)

3.

(apoptosis)

(Fan et al., 1998; Moss et al., 1996; Rudi et 

al., 1998) tumor 
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necrosis factor (TNF)-related apoptosis inducing ligand(TRAIL) T (Wu et 

al., 2004) TRAIL TRAIL

TRAIL

TRAIL TRAIL

(Wu et al., 2004)

4. TNF-related apoptosis inducing ligand(TRAIL) (Apoptosis)

TRAIL 1995 Fas ligand(FasL)

TNF superfamily T TRAIL Fas ligand

(Wiley et al., 1995) 1972

(programmed cell death) (Kerr et al., 1972)

(apoptotic body) DNA (Liu et 

al., 1997)

TRAIL DR4(TRAIL-1) DR5(TRAIL-2)(Pan 

et al., 1997; Schneider et al., 1997) TRAIL (death 

domain) Fas-Associated protein with Death Domain(FADD)

(Tibbetts et al., 2003) TRAIL pro-Caspase-8 FADD

(Death-Inducing Signaling Complex, DISC)

pro-Caspase-8

Caspase-8 Caspase-3

(mitochondria pathway) Caspase-9

Caspase-3 (Rudner et al., 2005) Caspase-3

caspase-activated deoxyribonuclease(CAD) DNA

(Janicke et al., 1998; Sakahira et al., 1998)
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5. TRAIL (DISC)

TRAIL short isoform of

FLICE-inhibitory protein (FLIPs) FLIPs

Caspase-8 (death effector domain) FADD

FLIPs Caspase-8 TRAIL

caspase (Krueger et al., 2001) FLIPs

DISC TRAIL

FLIPs TRAIL

(DISC) Caspase-8

(Lin et al., 2014)

6. Akt FLIP                            

Phosphoinositide 3 kinases(PI3Ks)-Akt(protein kinase B)

(Brunet et al., 1999; Fruman et al., 

1999; Kodaki et al., 1994) PI3K phosphatidylinositol 4,5

bisphosphate (PtdIns(4,5)P2) phosphatidylinositol-3,4,5-trisphosphate 

(PtdIns(3,4,5)P3) PtdIns(3,4,5)P3 Akt PH domain

Akt (Haslam et al., 1993; Hawkins et al., 1992; Mayer et al., 

1993) phosphatase and tensin homologue(PTEN) PtdIns(3,4,5)P3

3-phosphatase PTEN Akt (Maehama and Dixon, 1998) Akt

Ser473 Thr308

mammalian target of rapamycin omplex 2(mTORC2)

Phosphoinositide-dependent kinase-1(PDK1) (Sarbassov et al., 2005;
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Stephens et al., 1998) Ser473 Thr308 Akt (Alessi 

et al., 1996) PP2A phosphatase Akt Ser473

Thr308 Akt (Liao and Hung, 2004)

Akt FLIPs

Akt (ubiquitination) Akt mRNA (Nam et 

al., 2003; Panner et al., 2010) Akt TRAIL

(Chen et al., 2001; Panka et al., 2001)

Akt-FLIPs TRAIL (Nam 

et al., 2003)

TRAIL 

(Wu et al., 2004) FLIPs

DISC (Lin et al., 2014)

FLIPs

CagPAI FLIPs Akt

FLIPs
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TRAIL

FLIPs DISC TRAIL

TRAIL T

FLIPs

CagPAI

FLIPs CagPAI

FLIPs

AGS FLIPs Akt

Akt TRAIL

Akt FLIPs

Akt AGS FLIPs Akt

FLIPs
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AGS 10% fatal bovine serum RPMI 

1640 5% 37

HM-9 Difco Brain Heart Infusion

agar 10% 5% 85% 37

agar 24

10 % fatal bovine serum Brucella broth 16

(C. jejuni, from Dr. Liaw SJ) BBL CAMPY CVA

10% 5% 85% 37

agar 24

10 % fatal bovine serum Brucella broth 16

Anti-rabbit IgG-HRP                                 Cell signaling 

Anti-mouse IgG-HRP Cell signaling

Anti-Akt                                               Cell signaling

Anti-phospho-Akt (Ser473)                                Cell signaling
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Anti-beta actin                                        Millipore 

Anti-Caspase 8                                          Cell signaling

Anti-CagA                                               Santa Cruz 

Anti-FLIP                                         Enzo Life Sciences

Anti-mTOR                                                GeneTex

Anti-PTEN                                             Cell signaling

Anti-phospho-PTEN                                     Cell signaling

Anti-PP2A                                             Cell signaling

Anti-Rictor                                             Cell signaling

Anti-Src                                               Cell signaling

Anti-phospho-Src(Y418)                                  Cell signaling

Recombinant TNF-related apoptosis-inducing ligand (TRAIL)       PeproTech 

EGFP-N2

EGFP-N2 with inserted human Akt cDNA              By Shih-Chia Huang 
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GenJet™ Plus DNA In Vitro Tranfection Reagent SignaGen Laboratories 

RPMI1640

RPMI1640 culture medium containing 10% fatal bovine serum 

Difco Brain Heart Infusion-based blood agar plate 

5.2% Difco Brain Heart Infusion agar with 10% sheep blood, 6 μg/ml 

Vancomycin, 2 μg/ml Amphotericin B, 2.5 U/ml polymyxin B and 10 μg/ml 

nalidixic acid 

BBL Brucella broth 

2.8 % Brucella broth with 10% fatal bovine serum, 6 μg/ml Vancomycin, 2 μg/ml 

Amphotericin B, 2.5 U/ml polymyxin B and 10 μg/ml nalidixic acid 

Triton X-100 lysis buffer 

1 % Triton-X, 50 mM Tris-HCl, 5 mM EDTA in ddH2O 
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DNA staining buffer 

0.3 % Triton-100, 3.4 mM sodium citrate, 100 μg/ml RNase, pH = 6.8 

1X PBS 

100 mM Na2HPO4, 18 mM KH2PO4, 0.8 % NaCl, 0.02 % KCl, pH =7.4 

5X SDS sample buffer (Western blotting) 

250 mM Tris-HCl (pH6.8), 5% -mercapitalethanol, 0.02 % Bromophenol blue, 

30% Glycerol, 10% SDS

10X running buffer (Western blotting) 

192 mM Glycine, 25 mM Tris-HCl, 1 % SDS, pH=8.3 

10X transfer buffer (Western blotting) 

195 mM Glycine, 240 mM Tris-HCl, 1.185 % SDS, pH =8.4. Dilute to 1X 

transfer buffer with 20 % Methanol before use 

10X washing buffer (Western blotting) 

100 mM Tris-HCl (pH =7.4), 9 % NaCl, 2 % Tween-20 
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Ammonium persulfate (APS) Fluka Biochemica 

Amphotericin B Sigma-Aldrich 

Acrylamide   SERVA 

-mercaptoenthanol (2-ME) Sigma-Aldrich

Bovine serum albumin (BSA)  BioShop 

Brain Heart Infusion agar (BHI agar)  Becton Dickinson 

Brucella broth Becton Dickinson 

Dimethyl sulfoxide   Sigma-Aldrich 

Dulbecco’s phosphate-buffered saline (10X) GIBCO 

Fatal bovine serum (FBS)  Biological Industries 

Glycerol                            Sigma-Aldrich 

Glycine                             USB 

Magnesium chloride (MgCl2)            BioShop 

Methanol                            Merck 

Miller’s LB broth                     Becton Dickinson 

Nalidixic Acid                                         Sigma-Aldrich 

Poly-L-lysine                                          Sigma-Aldrich 

Phosphatase Inhibitor Cocktail 2                           Sigma-Aldrich 
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Phosphatase Inhibitor Cocktail 3 Sigma-Aldrich 

Protease Inhibitor Cocktail Sigma-Aldrich 

Propidium iodide                                       Sigma-Aldrich 

Polymyxin B                                           

Sheep Blood 

Sodium bicarbonate (NaHCO3) USB 

Sodium chloride (NaCl) USB 

Sodium dodecyl sulfate (SDS) SERVA 

Tris-base USB 

Triton-X USB 

Trypan blue Sigma-Aldrich 

Tween-20                                                     USB 

TEMED        USB 

Vancomycin                                           Sigma-Aldrich 

Wortmannin                                            Cell signaling 
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1. (Isolation of cell extracts) 

1.5×10 6 AGS 10% fetal bovine 

serum RPMI 1640 12 PBS

PBS

PBS eppendorf 5000 rpm 5 PBS

lysis buffer 4 13000 rpm 10

80

2. (Western blotting) 

SDS-PAGE sample buffer 100

5 SDS-PAGE

PVDF PVDF 5% TBST

blocking PVDF

TBST ( 5 % ) 4

TBST TBST ( 5 %

) 1 TBST ECL

PVDF X

3. (Propidium Iodide staining)

1.5×10 6 AGS TRAIL

PBS Trypsin

RPMI 1640

5000 rpm 1 ml -20

70 % methanol 30
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105~106 ethanol 100 μL DNA staining buffer

10 μL Propidium Iodide(0.5 mg/ml)

500 μL PBS Flow 

Cytometry sub-G1

4. (ELISA)

Cell Death Detection EILSA (Roche)

DNA 104 AGS 100 μL RPMI 1640

96-well Wortmannin

12 TRAIL 200 g 10

200 μL lysis buffer 30 200 g 10

20 μL streptavidin coated plate 80 μL

immunoreagent( anti-DNA-POD anti-Histone-Biotin antibodies)

2 incubation buffer 100 μL

ABTS substrate solution 10 100 μL ABTS Stop solution

405 nm

5.

1×10 6 AGS 10% fetal bovine serum RPMI 1640 

2.5 μg EGFP-Akt 7.5 μL 0.1 ml DMEM

Western blot

(ELISA)
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6.

student t. test

* P < 0.05 ±
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1. TRAIL

CagPAI CagE

AGS TRAIL

CagPAI

CagPAI

CagPAI CagA CagE

(T4SS)

ATPase

AGS CagPAI/CagA/CagE

TRAIL(40ng/ml)

(Fig.1(A) (B)) ELISA (Fig.1(C))

CagPAI CagE

TRAIL CagA

2. CagPAI CagE FLIPs

Caspase-8

FLIPs

(Lin et al., 2014) FLIPs Caspase-8 Caspse-8

FLIPs

TRAIL DISC Caspase-8

CagPAI DISC

DISC CagPAI/CagA/CagE
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AGS

Western blot FLIPs

CagE CagPAI FLIPs (Fig.2(A))

TRAIL Caspase-8 (Fig.2(B))

CagA FLIPs TRAIL

3.

TRAIL

(C. jejuni)

TRAIL (Fig.3)

TRAIL

DNA

4. AGS Akt FLIPs

Akt

FLIPs

Akt FLIPs

Akt

Akt (Fig.5) FLIPs

(Fig.4(A)) Akt
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FLIPs AGS Akt

FLIPs Akt PI3K Wortmannin Akt

Akt FLIPs (Fig.4(B))

EGFP-Akt AGS Akt FLIPs

(Fig.4(C)) Akt

FLIPs 12

(MOI = 50, 100)

AGS Akt CagE

CagPAI Akt FLIPs (Fig.6)

Akt

Src (Fig.6) CagA

Akt

FLIPs TRAIL

5. AGS Akt

TRAIL

Akt TRAIL

Akt AGS

12 TRAIL Akt

Akt FLIPs Akt

TRAIL Akt

(Fig.7(B))

Akt Akt

Akt (Fig.7(A))
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1. CagPAI CagE TRAIL

Fas Fas

(Jones et al., 1999)

caspase-3

(Chen et al., 2005)

TRAIL

TRAIL TRAIL

T CCL20 CCR6

T TRAIL

FLIPs TRAIL DISC

(Lin et al., 2014; Wu et al., 2004)

CagPAI

CagPAI

CagPAI

CagA CagE CagA

SHP-2 MAPK

(Higashi et al., 2004; Higashi et al., 2002) CagA

CagE CagA

CagPAI CagE

ATPase (Censini et al., 1996)
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2. TRAIL

CagA muropeptide

TRAIL CagA

Muropeptide peptidoglycan peptidoglycan

peptidoglycan

(Towhid et al., 2012;

Vazquez-Sanchez et al., 2014) Muropeptide

soluble lytic transglycosylase(slt)

soluble lytic transglycosylase peptidoglycan muropeptide

TRAIL

Akt FLIPs CagL

ɑ5ß1 ɑvß3 integrin

(Conradi et al., 2012; Kwok et al., 2007)

CagPAI

TRAIL

DNA
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3. Akt FILPs TRAIL

PI3K-Akt

(Brunet et al., 1999; Fruman et al., 1999; Kodaki et al., 1994)

Akt (L. pneumophila)

Akt (Ivanov and Roy, 2013)

(Vogel et al., 1998) Akt

Akt FLIPs (Nam et 

al., 2003; Panner et al., 2010) AGS

FLIPs Akt Akt (Fig.5, Fig.6)

Akt TRAIL

(Chen et al., 2001; Panka et al., 2001) Akt-FLIPs

(Nam et al., 2003) Akt

Akt

Akt

Ser473 Thr308 aspartic acids(Asp) Akt

Akt mutant Akt

Akt

Akt PP2A mTORC2 PI3K

(kinase) (phosphatase)

kinase assay PI3K mTORC2
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4. Akt FLIP

Akt FLIPs mRNA

(ubiquitin) PI3K FLIPs mRNA

(Nam et al., 2003) Akt-USP8-AIP4-FLIPs Akt FLIPs

AIP4 FLIPs E3 ubiquitin ligase USP8 AIP4 E3 ubiquitin

ligase USP8 AIP4 FLIPs

ligase(Panner et al., 2010)

FLIPs USP8

FLIPs FLIPs

E3 ubiquitin ligase Akt c-myc FLIP

c-myc TRAIL (Ricci et al., 2004)

c-myc c-myc

ERK MEK-1 kinase FLIP

FLIPs

5.

CagPAI CagE CagA

FLIPs TRAIL DISC

CagA FLIPs

Akt Akt FLIPs

TRAIL
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