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H ¢ P9 22 52 4% B (Helicobacter pylori, HP) A % R.e9 A% R B » B Al &4
BRI S0%MAT > B R REERET—EHESE - BEE - FER
FEREAR M AR RO R - SARAEd 0 B A FTSEAR AR R T AL 8y B SFm i A
TAIRFEABHERZ — o ARMOARET 0 K HP B BEZF ARy
BEdR e THER  Hiafp k@& TRAIL H & H » TRAIL A 4493 A tafit
AT EaE X — HME—FHR > F dlIE5AZHASG TRAIL 5l A28 A
B Lk min AR E » HP 3] TRAIL 6980 M £ & & 4K 5 & ¥ short
form of FLICE-inhibitory protein (FLIPs) 3% 7% TRAIL £ 3% $ 3 &4 5
(Death-Inducing Signaling Complex, DISC)&4 7 sk, » it & 34 caspase-8 & H T i#%
2543 oy 7E AL M 3| e da B T e

ALHXF 0 RE—FARBEE @i ACRES HP B-F > $d9
% A CAG pathogenic island(CAG PADA R 5k ey Bk R E MR F > &
R~ HP IR FE L WA ik 2 3l e m B B T3R8 » RAVER B R F WA
ik A Sk re By R B R AR &R T At B 7 TRAIL &9 8URCHE - sbsh > &

WY kAR mipN FLIPs 236945 4 > B sbfe TRAIL #5005 &0k
1A AR H b &k tm i caspase-8 iEL o 4B ¥ H 0 CagA #:Fa R %% HP & 3
¥ FLIPs B 5] A2 4a it TRAIL 69k &tk o B & RABT HP 9 F A 50k &
SRR Py ERM > 3 B JEd CagA Frjle

oo B Etmin Ty @ RITEIR T RE R 2 HP T4 2 % FLIPs &3
B3R B I8 AZ o R4 8 45 R 855+ HP 494 Akt (protein kinase B)i% 4t » it B Akt
8y 7E M FLIPs R 3L E A AR B 5 3pH] Akt 6975 M 38 Ao Akt 89 £ H, > A5
& FLIPs & L EAR ¥k b R3ghm o B bkt —F AR Lk mp FiBE &k

3 Akt B HP £ 558 T Akt R 2% 2 M & mip ¥ TRAIL &2 -



ERBER iRk IBE Akt 85 > fER 4% HP Jl et afn B2 E > Bbiged
R HP T£ 1B F38 Akt 3B E Mm% AR H £ & 4a s FLIPs &3 >
sb3R It 4a B ¢ TRAIL B 2 38 3% pi 4w B B © o SRR 3 Bh 4247 7 A% HP 3]

AL da 0 B B MR 0SB AR BB 4209 B T 4F B 6B HP A8 B & % 9 4K3E



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.

RREH &

B ¢ P38 58 42 & (Helicobacter pylori) f§ 1\

B d P25 A7 BB 37 1982 F » & Robin Warren #v Barry Marshall f£ &
HIGME KRB RABORATH oL > —ARETEFBE Mk mmEAT
HARBLE - B PIRSRAT R ZATR R ARHRE e 36
A RAFEK 37 E ~ #8335 P (Marshall and Warren, 1984) o § ds P44 &
WERBERMEA BN AR INBEY  EEFREINMREMER L
K mBo g 3 B A RE A 0 ARk R AP A0 § B | A A 7769 3R 3 (Baton
et al., 1996; Mobley, 1996) - — B Zbpd s k35 4 4B 0% > § duPIERAT A
HAER G AR AL ERE L@ L35 SR AR BEALFRIG R
THRRERFES - B XRBBEERRB  AELETARAE FIERERER LK

&7 % (Morris etal., 1991) » § b PIEERRAT AR 2 RBBE 2 XA +HA

o (Brown, 2000) » H 3 Etk ™A £ B 0 A HERH R AR -

CagPAl(cytotoxin-associated gene pathogenicity island)# 3% vg & 535k & &
(Type IV secretion system)

B FIZmAT e BomtE X B & 88 ¥ #8 & cytotoxin-associated gene
pathogenicity island(CagPAI) &) —ZF A B & B > 3t H CagPAI #7* F éu P82 52 47
HAiEm B XA E RS EA £ E6948 B (Backert et al., 2004) - CagPAI &4 KX
HIOEAR FBEAKKREIMA £2E  ARIFrZGEAME ABLEBRRE T
(Censini et al., 1996) - £ CagPAl ¥ &4 —1f8 K/]~%) 120-145 kDa ¢4% & &
Cytotoxin—associated gene A (CagA) > B AT38 4 CagA =& § du P82 342 B
% 2% k% G 8 (Covacci et al., 1993) -

M T CagA a9 » CagPAI KR &+ R g AR S HmEwA ik %4

(type four secretion system) &) 48 ag A Bl ° 4o Cagl $itmfu it Loha bk a g



(integrin o5B1)VE A > 5 81 B b PSR AT B $2 75 £ 4 i i B:(Kwok et al., 2007) ;
CagY ~CagH A& Cagl %1 sk, i@ 38 3t 44 By 1% 1% CagA(Pham et al., 2012; Shaffer et al.,
2011); M CagE A T A € B MR » B4 % ATPase > A% H thE iz
4t 4€ & (Censini et al., 1996) -

FoB st kb BEYLRG T £E KRR 08
FEITRER > RARB AT EGAETARRE © F R ik ik Ko ke
ERTTpAZRE > F—HAIRB @R 694545 > & DNA 7] 248 4a i ]R8
(Abajy et al., 2007) 5 % = %845t £ 4 SPAE IR BTN DNA » Jo F d P82 58 47
&) ComB % % & % B ¢h 42 # (C. jejuni)dy Cjp/VirB % #(Bacon et al., 2000;
Hofreuter et al., 2001; Karnholz et al., 2006) > i DNA X 2| ERE F =
BARLEREGERECHFF - AR FOADLAALE X @B &I
RiBE 0 F e PTERRAR A AF 4 B F AT 4P B BK IR 4B (peptidoglycan) & % Bk
muropeptide & CagA EANF LR mioN > mMAFTIMA L CHERENEATH
S35 B o Muropeptide 1% A 4a i #% #% Nucleotide-binding oligomerization
domain-containing protein 1 (NOD1)#%#3% M 7& 1t NF-kB & J&(Viala et al., 2004)°
CagA % & 8 ) # X 3% & EPIYA(Glu-Pro-lle-Tyr-Ala) iz 2L 8 /7 7] » &N\ 15 X fm
R 1% %k 7% B% B Src family kinase(SFK) 2, Abl kinase ;8§ 1t » 1 g,
phospho-tyrosine-CagA(Asahi et al., 2000; Backert et al., 2001; Stein et al., 2002) »
it B Fo SHP-2 &9 SH2 domain # 4 &1t SHP-2 - % 9t CagA-SHP-2 38 644,

%t 7% 1t MAP kinase #9318 1% 3 (Higashi et al., 2004; Higashi et al., 2002) °

BeuPI R AR5 AT
BATR A B de PR 3eA7 B 7] A § L & %= B )8 < (apoptosis) & F 2 F X - §
BB ER > I T e L B AE M) A B (Fan et al., 1998; Moss et al., 1996; Rudi et

al., 1998) - #F 7045 th £ Bk He o B ECH 69 B 2R AR F o T 8k B £ &R tumor



necrosis factor (TNF)-related apoptosis inducing ligand(TRAIL)# T %= fe(Wu et

al., 2004) » TRAIL & 3| Acéa g ey G 8 2 — ° 12 & 48 4a i ¥ 7 TRAIL &
RORHETTRERF] » B ER R R d 0§ éa PIE5EA7 A 42 TRAIL &%
PEARAY B b & 4a i #17 TRAIL &9 80R% M3 Ao o B JLRR 2 89 4a iR 35 2 2] TRAIL

R A8 7T 4E 7] %8 % B A (Wu et al., 2004) »

. TNF-related apoptosis inducing ligand(TRAIL) ¥ 4= fii2, /8 ¢ (Apoptosis)

TRAIL # 1995 3% %5 38, 5 7] $2 €. v At 3] 42 4m B ] v &9 Fas ligand(FasL)
$afoL 0 =% % J§ # TNF superfamily » T %] #] § TRAIL & Fas ligand 3] #2
4a iR A & W A% B (Wiley et al., 1995) o 4a g A — 37 1972 F4532 4 »
By #2 5k fm i 78 < (programmed cell death) &y % X, 2 —(Kerr et al., 1972) » H 4%
Bh & BT 4Y fm B g Y AR A < /N B8 (apoptotic body) ~ DNA B R s #% ki (Liu et
al., 1997) «

T 3% 45 4a i B = 69 TRAIL % % 8,4 DR4(TRAIL-1) » DRS(TRAIL-2)(Pan
et al., 1997; Schneider et al., 1997) » TRAIL % 35 £& %= fg & I LA JE T & Bk (death
domain) ¥ #: 4% & § Fas-Associated protein with Death Domain(FADD):#
(Tibbetts et al., 2003) - & 5 ] TRAIL #|:% 8% - pro-Caspase-8 8t 2] FADD E
5 A% ZE = 35 H 30 8. 48 A M (Death-Inducing Signaling Complex, DISC) » 3t 4% 4&
pro-Caspase-8 #% KA pg iEALRE » BB FE — AR F A RES @A - F
— A R JE 48 o 75 1L A& Caspase-8 7K ## Caspase-3 Mm%t A e ;s F—A
R & A A Kr 43 5% i 48 (mitochondria pathway) &1t Caspase-9 » #x 14 #i% 1B
Caspase-3 1% £ 31 & (Rudner et al., 2005) - /&1t #& &9 Caspase-3 1% 1% I 177 B
caspase-activated deoxyribonuclease(CAD)# 2| ta fg 4% + ° 1% s, DNA 8 [§ 42

(Janicke et al., 1998; Sakahira et al., 1998) -



5. K o PI8R3AT B2 E TRAIL 523 $30 8 A5 H (DISC) X F & i 5] A2 4m A

At
4 TRAIL 3l &8y mpp B R E T » & &Y short isoform of

FLICE-inhibitory protein (FLIPs) B & #p 4| A v R B 1% &9 sh 4t - FLIPs & 4581
Caspase-8 2L » & At LA FE T 2 JE 5 & 3% (death effector domain) 4 & %] FADD
Lt o 2R > FLIPs 4t % Caspase-8 44 69 B2 £ /& M4 » Bpfg 2 3] TRAIL #|i%
& 88 % 5 5T % caspase & 4L M 3] A2 A R E(Krueger et al., 2001)- B g& FLIPs
T fedp | DISC a9y, > % & 4m i 3170 TRAIL 09 Rk 2 M © 5 B 5 M7 0 B
FiE 0 BTSRRI LR@BAT  ERAHHARATEEEN
FLIPs ¢4 & 3, > B b & B % 0 4m i % B) TRAIL RIS 5 5 1 s 7 © 3§30
B4 454 (DISC) 1% # Caspase-8 LA & T #5 3 & A& 69 7F b 5] 4 bm B B < o

(Lin et al., 2014)

6. Akt 38 FLIP 3 % % 4a 0 )8 C BB

Phosphoinositide 3 -kinases(PI3Ks)-Akt(protein kinase B)3f 8. #44& 4 %
i AEE s A RRIMAE % FEm 804 32 R JE(Brunet et al., 1999; Fruman et al.,
1999; Kodaki et al., 1994) - % — A PI3K % %= g i L &4 phosphatidylinositol-4,5
-bisphosphate (PtdIns(4,5)P2)%% B4 1t sk, phosphatidylinositol-3,4,5-trisphosphate
(PtdIns(3,4,5)P3)4% » PtdIns(3,4,5)P3 At #2 Akt % PH domain 44 > & b2 g
Akt 353 % B B2 T 4% 75 {b(Haslam et al., 1993; Hawkins et al., 1992; Mayer et al.,
1993) - 48 R #= > phosphatase and tensin homologue(PTEN) 2 PtdIns(3,4,5)P3 =
3-phosphatase > B ¢t PTEN & 38#= Akt 8975 1t(Maehama and Dixon, 1998) - Akt
678 M X B b MBS ERL ey B IR BR AT A R 0 @4 Serd73 B Thr308» H 47 &
mammalian target of rapamycin omplex 2(mTORC2) &

Phosphoinositide-dependent kinase-1(PDK 1)#f % B 1t (Sarbassov et al., 2005;



Stephens et al., 1998)-Ser473 & Thr308 £ 5] & & 1L 7T 4 Akt A & K& P (Alessi
etal., 1996) - A 4 » X #4iE &5 PP2A phosphatase v & #H4% Akt &) Serd73 &
Thr308 &} & 1L 42 & f 3= Akt &P (Liao and Hung, 2004) °

FAT B9 F e AR SR - da Btk b 0 Akt 8978 M 5] % FLIPs o9 &3 > &
% B %% Akt #9:% % fb(ubiquitination) 2k, % & F4E Akt mRNA 84 #2 4% (Nam et
al., 2003; Panner et al., 2010) Akt &) 7E L AE B 1k 4m B2 TRAIL i3k M 3] 55 4
fi, 8 < (Chen et al., 2001; Panka et al., 2001) » st} » B K435 H AZE § % 40 fify

At 3% o SR 4 Akt-FLIPs 318 884% 4% %= j6, %, 7 TRAIL P 3% 45 2 4= i 8 (Nam
et al., 2003)

BRERRGARIESL § P BT BRSNS B L& eindn TRAIL
& 89 B % M 3] A 4a B )8 (Wu et al., 2004) > 3t B % 3% i@ @ A4 FLIPs M2
# DISC 87 s (Lin et al., 2014) - 2K § e PIIB AR Ao T B B tmfy > H P £
#ay B F oA RATE FLIPs 89 M| 3R 7F 2 - A5 s BT § e PIERSRAT A 49
% Bom B F CagPAI 2 & 34% FLIPS & fm i Bl 48 Bl > 38 B Akt THB R
I+ & 4= hg FLIPs 89 & 3o fL LA 30 F » AV & — F IRt = F X Rl ey AR Bl £ -
F By BA EBR AR B e PTERARAT B 5] AL fm Bl R T 0 BB Y



RSB &Y
B FIE R ARTRE L ATmile R X - §&% - TRAIL &3]
R@BATHEGEZ— AWM EREERNARIEL  F IR RF A D B
4% FLIPs 3t 4% i DISC 697 pk » M 38w B 7 TRAIL &9 R 1t » B LE &
HFTRAIL 4 Tt o R E B R R R BF > BT seFl e T ol AT M M X ~ §
R ERE o KM dPIEMAR Ao fT3EE § £ & 4 i 69 FLIPs - H A% %] B AT
IR FREM T ERET B de PIR% AT H 69 B0k B T CagPAl £ & ¥
FLIPs B 3|4 tafa BT E R L T B E £ o) A &-CagPAl 54 = +EAR >
Rt & R T AR D R B R IFAE Atk m R 1% E— TR H ¥
Bléz ey B+ AT o
A5h 0 8 XN FLIPs & & 8 R A T 8 A H » LA BRI £ 5
2 — - RFMF R F L Z ik AGS + FLIPs & & 3R fig ¢ Akt Az »
2R AR Akt B9 &3R8 T 38 Ao de B % TRAIL Z SR HE © B bbb K dd i — 3
B e PISE AT A T 45 B AKC3R 8 3548 M % % FLIPs & 3R & 4 L 8 ©
BAHEFT 38 R B, Akt & T 38 o AGS 4a iy FLIPs ¢ & 5, AR @8y Akt
Frefhita o R X AP E Mk ik FLIPs R LT Rl B - BLERKAH

BARS BRF AR Bl PSR IR AT 1 16 A hm B B T 04 B AR



L SR Y
R Btk
= B BR
18 A ANHA B BRI 4m e kk AGS & 4 A 10% fatal bovine serum #) RPMI

1640 32 4% > WA F S% 8 ts ~ H|BK 3T B AL P A -

Bk

H s P9 8202 42 i A Ak HM-9 32 %A 45 48 ¥ fn v Difco Brain Heart Infusion
agar > M ERNSH 10% 2 b5 ~ 5% AR ~ 85% A A ~ #K 37 BB A4
oo f£ agar LAEB R 24 BRI R KRB LT  BEELA
10 % fatal bovine serum #4§ Brucella broth 7 g £.48 ¥ 324 16 /6% » BER G H
ta i L B3 A

% By w42 # (C. jejuni, from Dr. Liaw SJ)3z %7 BBL CAMPY CVA &%
BP o HENEH 10% A5 ~ S%AR ~ 85% A ~ # K 37 E R A4
oo f£ agar LR =R 24 NERIB R e IB R R LT  HEES
A 10 % fatal bovine serum &4 Brucella broth 7Bk 8,45 ¥ 324 16 /N 0F > BEH

#im L E 2K o

i

Anti-rabbit IgG-HRP Cell signaling
Anti-mouse IgG-HRP Cell signaling
Anti-Akt Cell signaling
Anti-phospho-Akt (Serd73) Cell signaling



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
g@%kaq

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

EGFP-N2

EGFP-N2 with inserted human Akt cDNA By Shih-Chia Huang



e

GenJet™ Plus DNA In Vitro Tranfection Reagent SignaGen Laboratories

AR R A

RPMI1640 3¢ 4% %

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 pg/ml

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

nalidixic acid

BBL Brucella broth

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

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

Triton X-100 lysis buffer

1 % Triton-X, 50 mM Tris-HCI, 5 mM EDTA in ddH20



DNA staining buffer

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

1X PBS

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

5X SDS sample buffer (Western blotting)

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

30% Glycerol, 10% SDS

10X running buffer (Western blotting)

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

10X transfer buffer (Western blotting)

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

transfer buffer with 20 % Methanol before use

10X washing buffer (Western blotting)

100 mM Tris-HCI (pH =7.4), 9 % NaCl, 2 % Tween-20

10



(ot 3 A

Ammonium persulfate (APS)

Amphotericin B

Acrylamide

3 -mercaptoenthanol (2-ME)

Bovine serum albumin (BSA)

Brain Heart Infusion agar (BHI agar)

Brucella broth

Dimethyl sulfoxide

Fluka Biochemica

Sigma-Aldrich

SERVA

Sigma-Aldrich

BioShop

Becton Dickinson

Becton Dickinson

Sigma-Aldrich

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

Fatal bovine serum (FBS)

Glycerol

Glycine

Magnesium chloride (MgCl12)

Methanol

Miller’s LB broth

Nalidixic Acid

Poly-L-lysine

Phosphatase Inhibitor Cocktail 2

Biological Industries

Sigma-Aldrich

USB

BioShop

Merck

Becton Dickinson

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

11



Phosphatase Inhibitor Cocktail 3

Protease Inhibitor Cocktail

Propidium iodide

Polymyxin B

Sheep Blood

Sodium bicarbonate (NaHCO3)

Sodium chloride (NaCl)

Sodium dodecyl sulfate (SDS)

Tris-base

Triton-X

Trypan blue

Tween-20

TEMED

Vancomycin

Wortmannin

12

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

AT A RS

Sl E A A R4

USB

USB

SERVA

USB

USB

Sigma-Aldrich

USB

USB

Sigma-Aldrich

Cell signaling



Bk
W % % B, 22 B (Isolation of cell extracts)
1.5%10° 18 AGS 4afn g1 5§ éuy PIRE3eA2 B £ Bl 38K 4 54 10% fetal bovine
serum &9 RPMI 1640 324 % o 12 /N0%4% > BRI E kB » B PBS i
Te— RIEBRREF o mAF 6 PBS L tafofié st fm L3 TF > HoF a2
PBS ik 34 % eppendorf> L4 5000 rpm~5 44 4 % 4a iy - B0 44 4 PBS
HuNil & 4y lysis buffer 374k 4a B o 4TAE m B 4% # 4°C ~ 13000 rpm - 10

m4k 0 R EFRARAFA - 80°CkA -

75 7 & 2k 7% (Western blotting)

#% SDS-PAGE sample buffer fm A\ £ 4m i 2 BRR F 0 3 Ao 28 K 100 B
S5p4EtE B A Re %M o U SDS-PAGE 4 ittafi BR Y H G E % - B H
#EpE PVDF jE - #2Ep4% 49 PVDF B BEANSH S%BUAs 4476 TBST &
ik F 4T blocking —/NBF - IRIF BB E G E 0 4% PVDF B4 H K
— & HLREuy) TBST &R (% S %mAsFin) ¥ RIE— xR 4CERR - A
TBST 4% Fk+ 4t =R1% > o —&Iuieey) TBST L4 % (5 5 %M
Bs 44 £ 8 RME 1 /eF o L TBST &8 Fk+ 248 =k > sun ECL

XE|E PVDF B2 > sA X BB 188 -

4= j, J8 o #x 78] (Propidium Iodide staining)

1.5x10° 18 AGS @531 92 § e P3R5 42 8 ~ TRAIL R —F 35 %1% o #
B AR B » B LA PBS Fik—RIEBRMBRIF o v Trypsin RJE + 548 -
1 m B A 32 A R 3R B o w A RPMI 1640 32 4% 238 A m F 45 ta fi 50 F >
W& 8 B 5000 rpm 0 B4R 1R X PRI ARR o U4 1 ml FA4A 42 #k K20

£ %9 70 % methanol T AL EE-CR B4 fie » RIEE D 30 48 LA E#ATEIE © B
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4 10°~10° 18 40 B B o 44 > 4 ethanol = v 100 pL &5 DNA staining buffer
Tt o B v 10 pL &4 Propidium lodide(0.5 mg/ml) it 2 4 » H £ B R IE
=+ st EEs o PR EFR 0 L 500 pL 49 PBS 474k % i > 3t XA Flow

Cytometry 4#7 48 igg sub-G1 &4 kb 45] o

4@ B )8 < 2RI (ELISA)

#4% Cell Death Detection EILSA (Roche)i24t 2 F ik @ Bl tafn ' di2 8
W@ Gty DNA B £ - B 10* 48 AGS % s> 100 uL RPMI 1640 32 4% » Ao F]
96-well 4m f 3 Hm > ARIER B K 5 5] 4L § dy PIE2 9% A2 ) & Wortmannin 3
& 12 /0t w N TRAIL - RJE4 #5800 200 g0 10 48k £ EFR - B
2L 200 pL lysis buffer #78% 4a fs » 7 i R & 30 448 - BR#EES 200g 10 4
48715 B 20 uL k& £ streptavidin coated plate o Az A 80 puL
immunoreagent(%- anti-DNA-POD - anti-Histone-Biotin —#& antibodies)# & /%
RE 2 /NBF o R RE MR 0 3 LA incubation buffer &2 =k 4% ° Amw A 100 pL
ABTS substrate solution * K J& 10 4-4&4% /w100 uL ABTS Stop solution * 18

A% & 405 nm 69 R A o

LR £ S
4 1x10° 18 AGS 4m a7 10% fetal bovine serum &5 RPMI 1640 34k ¢
B w0 ERE B RRIEMANEGIZRR > — R o
BB 2.5 ug 3% % H A% EGFP-Akt ¢y H 82 & 7.5 uL #2 %3 % £ 0.1 ml DMEM
ToMMEEE —FRE - TR MK BRI BERERE A S
N3 A m o ONEHE RIRATAIBRR - BT w R 0 B R
WA E B E MR BRFE R 5 B 097 B 4L % 4 i 3 BUR # 4T Western blot

RAH A% 09 b B L b PTER 04T B 3% R 18 4T % B B T AR B (ELISA) -
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6. it FHiE
B2 R B R e B4 F B 4 R P % 04 student t. test 3 E & F B AEE £
B AXFP*EHAHP<005° S@LEREHET =R > ERUAFHAEAZE
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1.

Fwm&ER

BeaPIR R A L i TRAIL 2 &<tk > R E F dafisk
¥eAR B %% B F CagPAl & CagE R B 4 &k /e85 » Bp k£ 045

FAT WY R A5 B R R F 2 AGS 4a s 7 TRAIL 5 A #0Rk M 5] A2 4a e, )8
T AR A EILBUR AR e e B TR E R AP ey & R F Baor CagPAl
THA—AERGEF - CagPAl 5 d PR HZ TR HAER T @K
CagPAI 693k B & + €14 CagA B CagE » = % 81 § v PTERRAT I 09 BUR
AR ATETES EA 5l A %(T4SS) i 3| Al Tk tm E ¥ A K >
%H R ATPase EF WA S A FARRMAEZT  LAF ORI A KN
TR RbE e AR ARG ARIIF A BARILE - AR THRES
P B A% H 09 B F o 4% AGS % 92 CagPAl/CagA/CagE A R #2152 § du P42
AR B B3 A&+ = N i544 0 v TRAIL(40ng/ml)$i 4m i R & =/ N65 > 3F 12
K 4 B A& (Fig. 1(A) ~ (B))#w ELISA #4 % K (Fig. 1(C))# 5 4m B B = 69 K ©
R~ % CagPAl & CagE K R &4 8F - F da FIERMEAT B K £ R ba L 8
TRAIL R teega5te > f CagA RIRARE > CEERBIAFOA L ASK

LB AT B R Ph EEEZNAE -

B o PI 2 5 42 B 2% B F CagPAl & CagE £ & 384 § L g émjig FLIPs %3,
F# & Caspase-8 FlLWREFREEZHAL

CH R RIEE > B daP R R4T H 418 & 3R FLIPs MR 4% 4 i )8
(Lin et al., 2014) - FLIPs 4 #% ¢ Caspase-8 #a/ > {242 % Caspse-8 1% 1& 3 & Ay
T EEFEMNA 0 R BAFpHltafe B eyt A o & FLIPs R AIEIKIE R 2]
TRAIL #1385 > it #E 38 i DISC 897 sk M A2 4E Caspase-8 &) 7E 1L 3t 5] 45 4m i /A
T RBEEREW S R > CagPAl T4 £ 2384k DISC oty > A T

i —F e AR e DISC ikt 4a B -F » BB A¥ CagPAl/CagA/CagE & F £z
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Fa2 F da PISRMRAZ AL F b & 4a itk AGS £ B)38 &+ = /N BFiR 0 I ta i 35
Bk 0 UL Western blot 332X FLIPs 89 £ 3.5 © & R8T § éu PIB 42 Bk 5t
CagE & CagPAl @38 FLIPs &5 % 3% (Fig.2(A)) » 3t Hdo RA4E /R 4 Aw A
TRAIL R J& = /6§ > 18 454 2 5| A2 Caspase-8 #4975 1b(Fig.2(B)) - % 4 & 414
30,8 e PIRE AL 89 € B 80k R F CagA RE % 4 FLIPs &) & 3. & TRAIL

ABCRHE 0 B L v B il A S AR B 1B A2 P T AE A B SERY S AE

Rl AR ZH R EACEAFmA st AN EZHGUITRALE
EARBEME L& ¥R TRAIL Z & %t

WRAE LR EEREER » RAVHER B da PR RAT BIRB F A 50k 2 &M
AT  c ATE—SETFwWASLALKOERN > RIMER KL
H v A ik B 4 2 By AT B (C. jejuni) 2 § e ISR AR LR > & RBA
By wh AR B 3 48 BA 84 7t e Je ¥ TRAIL 89 Rk 2 PE(Fig.3) » & o= 3t JF AT A 44
A FE WA 5k RS ERET Actmind TRAIL 2 & M o B AT S 40 2 B dh 47
F A 5k 7 e R IR AINMEIR 560 DNA» M Ik 18 X B AR 1
WE o Bkt R omE F dPIEMAT B X F v A 5 ik A& %92 4m B0 A5 09 A

NAEBRBEFHERNE

. £R LAtk AGS ¥ > Akt 897F M3 E FLIPs &9 % 3%, > 3£ B § e P8R 5%

HHRIRE LR tafio b Akt JE

FABE 2 e PIREAT B A AR m i FLIPs 4% > &A1& — 5 BB T4
B AT - EEREM S L RET H L& el Akt 89 & 39T AE #2 FLIPs
W ERREA MM BRI B AT F dPIERF R LT R E Akt 69751
R BT M b Akt 6975 AL RE B Je 0% B 8 he 8k Y (Fig.5) » 3 B 82 FLIPs &

*REAAMMEFIgA(A) A TRAF dPTERAALTE G E Akt FH>
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M AiE § L& 4afe ¥ FLIPs 69 &3, & JB#E R AGS e ¥ Akt & B 4] %
FLIPs %3, - E5%4E A Akt £ %4 F PI3K 84474 % Wortmannin #p#] Akt 7%
%0 BRETE Akt B B RA]8F - FLIPs o9 % 30 24 % F 4 (Fig.4(B)) -
A8 R b 0 % #A7 J EGFP-Akt 4 445 AGS 4= 118 8 & 3, Akt 8% » FLIPs #
& BRNE o (Fig4(C)) - BB RABTAANIE Lk mforkd > Akt & 4E

FLIPs & BL649 B F2 — o Hfrie—F 4% § éa PIERAAT B S bm B3t & 12 /1B

(MOI = 50, 100) 3 i £ 4o iy 32 BUR AT B 7 B850k « SAMI BRI F o
Pl AR T 2 T AGS tafla i Akt #9751t » BRIk mE CagE &

CagPAI B F » Akt #4935/t 82 FLIPs ¢4 % 32,4, B 7 48 B £ (Fig.6) - 2k > B AT
173 RBF AR B PYERARAT B Jo feT 3 ) Akt o £RAPIEE IR e PTER R AT B RR 22 38 A
Src & B84 F FE(Fig.6) » 12 3b3R % 4% 48 CagA t91/E R > B b KB E 2] 693
ZTREBRAAM - RIVEBERT T APFIERFARTHAEZE Akt ™ &R

¥ FLIPs if 2 % 4m i ¥t TRAIL 89 & et -

. BEABE LAWERAGS ¥ o BE KT Akt Tipsl §F d FIRBR B3R

TRAIL iR A H A TR R

BT #—F IR ARt 4L § e PTER 5% A7 3 5] A2 TRAIL B2 MEA9 LR + 40 7%
WA e RIVFBE AR Akt 8 F L K miatk AGS 1§ by PIER5RA7 B 38 &
12 /]\8%54% 0 Ao TRAIL R BB ZE Akt 0 tmfa AT B8 - dhaTw s
AR - 25 Akt 2 FLIPs 89 R LA EA8 B » 3@ 8 & 3 Akt BZ e+l B
do PTER 5 AT 1 5] A2 9 TRAIL HUR M o 45 R BT 88 3 Akt 4 4m B 25 F 803 ] 48
HBRe) mia BCA2 A (Fig7(B) > AR £ B E RIEH AR - RIFBH B 2%
R RAIERITAEG) R B A Bp{p i g & B Akt 0 ¥ e fin % B R 4 B85 Akt
Bt Abf2 R A AN TS > B b Akt &4 2% 8K(Fig. 7(A)) -

18



ERHw
1. B eésPI3Ra%A7 & 2% B F CagPAI & CagE e § b & e #7 TRAIL Z &
M 3 R 4 i B
s PR Wil emie AT RERE X BRAGHNERZ — BETRRAH
A S (B e R R B AT E R F R ETRMARAhRMA £E - &
ATEETRAs 0 B PR AR AT AE 3 o § £ & %e i Fas & 5589 % 3 > B It Fas
WA fm B B IR T AE R % AR FE 89 R B 2 —(Jones et al., 1999) » 3 4b -
B PSR MR AT B 04 S B 1 B R 4m B MR RJE LT BE 3 AR, caspase-3 89 75 1k M ik Ak,
ta i A (Chen et al., 2005) » KA A EFRET @ Bt @) H 7 L o fTikigx
BB Emin 0 UA R lafn R @ RPN Fa BN R ERE EEREL
AR T4 TRAILE N2 A2 F Lt ATy R B2 —
3t B TRAIL &9 KRBT AR B % B da PIEEAEAT B R 2 69 § 3 a4k ¥ R & < TRAIL
Mt T fm B o fER Sty § 2R 8k P CCL20 84 R EH v » 7T A% 3] CCRO 15
M) THERRER M - F I RAR AL RIIFH L&t TRAIL % 5
B &R, MA G FAE @I FLIPs &3, » B b TRAIL R385 % s 42 & DISC &4
4 ik, 0 E 24 4a i, A (Lin et al., 2014; Wu et al., 2004) -
e & RALBEST 0 915 e PISR AR AT A Bom M4 Bl oY CagPAT KA B £ B3 %
v EAHELNAE o CagPAl RY O 2=FEAR > HaRB AR AM%kME - B
TE—F THFmegd > S E/ET CagPAl P RBEEZARWYHIR A > »
% % CagA B CagE - CagA BAT:R A A FUFIERA AR EZNRAEZEE &
BhHFOASLARKREDE E@iok %% SHP-2-MAPK #Es% & & % 9 %
(Higashi et al., 2004; Higashi et al., 2002) - 4 £ #85~ CagA {1-F 7R & i R 4 il 8 =
BER > 48R > % CagE AR JIrk/4 i B k£ BB M - BT CagA 24
CagPAI Y HC AR KRS MR F WA 5t 448 M > CagE R TR E oM &
Mk 0 R F A ATPase %4 % 3 %42 4 4t & (Censini et al., 1996) - B bk » 1R 45
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—RE &R R E A ik RS A F dPIERAT B X R4 BT R

i AN A e -

FwR ik Sa R IR B RN TRAILBRER R T TREDRSAE

B AT 40§ i PSR4 A 7T 3% 5 w A 50k & #u4%F CagA & muropeptide 4 4=
AP E Xm0 AMmakAIey 4 R~ TRAIL 3| e ey ta i A 3 JE b CagA FRr
3| #& - Muropeptide & peptidoglycan /K ## 2R > 2k M B A7 # 7 peptidoglycan & &
AR R B LR miamtan At RF R Bpie e E U et R b 45 i peptidoglycan
FER BV DU ¥T RS A 4% i k4 %1 4m B )8 © 04 3k R (Towhid et al., 2012;
Vazquez-Sanchez et al., 2014) - Muropeptide £& § é4 FIE2 AL H 5] AL 69 dm J 8 P
A HEE > T3 & 2 1E soluble lytic transglycosylase(slt) 5 B 5] P2 64 8 #k R 0B)3R
soluble lytic transglycosylase 7k # peptidoglycan gy #5 & 49 muropeptide f ¥ - &£ &
AR Aot M) W I NG E e i T % 4 TRAIL 89 R PRI 7 4 i — 2 6957
e .

sboh o B e PIER AR AR B T AE A 81 F b A7 4 B 4348 01 %0 2 dm BB P9 04 3R A%
Y F & Akt % FLIPs 8975 M & &3 o B AT C40 § s PIE 5472 B 2 Cagl T fi4m
B BE b aS5B1 ~ avB3 integrin &4 > HATEF WA 5k A KA —FH M R EE
(Conradi et al., 2012; Kwok et al., 2007) - g A2 E E A ik 2 %A = +HE%R
BHEAR > R ATiAeARLmBEEOBRTY  FH T CagPAl ZE E
P EaE R MBS e AR - B =& RETRKER F i 4

ik B A E R AT B RIK G et iy TRAIL SRV - MR A SKEZ AR

7e
=

§

AT B 09 B R 5 ik R A AE AR AN INMERILE) DNA > ™ § o PIER0RAT

&

Y2 4% B4 5P AMEE L htal RLB =8 R b2 F B %2 H
us)

Aok i G BE @B HNs R AT ERMN -

Ei
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3. BaPIRBRATBIpH Akt Zde M & FAEFILPs 2R S E F L & dafig # TRAIL
Z BRI
PI3K-Akt :REHAEFIE S Hmfo A B RIE > O omithFiE ~ A RAWME
% (Brunet et al., 1999; Fruman et al., 1999; Kodaki et al., 1994) - £ £ &% & 89 %
P BB R AR A At E a5 F 0 koo bR 4R E A (L. pneumophila)
<] H#p ) Akt 43R .8 1% 42 (Ivanov and Roy, 2013) o £ B PEIRAE F A B 9L F o PI 82 e
HATEARWASLAS EMmE S THILARAE L0 ibHHEY
4 (Vogel etal., 1998) - 2k —f&4a B % & Akt s H A FTREA ABMZ R > Al A
TE—F AR -
S AT R R4S AR - m Bk P 0 Akt 6975 M4 4] 2 FLIPs 69 % 3, (Nam et
al., 2003; Panner et al., 2010) » {2 B v 6930 5 HKAFE R E 2] § £ & tafetk AGS 89
FLIPs & 3. Akt r3fde - 3 B § du PTER 5 A7 B 37 4] Akt &9 7& 4 (Fig.5, Fig.6) °
RATHE AR R T ds A K i b 0 Akt 8975 PR T AR e f ¥ TRAIL &4
HUR ME(Chen et al., 2001; Panka et al., 2001) » 3t 7T 4& & i% i® Akt-FLIPs 3R 8 8548
(Nam et al., 2003) - B £ oy 4 R8T > B8 R B Akt BT A IR T e P20 42 B
e mip A ed Eh BRI RT A B R FE L6y i Akt B HEARK L E
BEHpH] > B AR H e B TR ARABE R R — o B AT S4uiF Akt 49
Ser473 A Thr308 % & #4 s aspartic acids(Asp) = sk & 5 45716y Akt > & 7 #4374
Akt EREBR T EEM > KR TH A b mutant Akt — 5% - ik > B s
BHRAR AR Z T ZhofTipd] Akt 8975 A RETROEF > BAIREN
BEEBMRI B E Akt Loy B G E &4 PP2A - mTORC2 ~ PI3K » f& & % 8%
* 3B I & A B %L o AR ™ & & % Bg(kinase) & % 4 B4 &5 (phosphatase) 2 75 M 7T #E
X3 % B FAE 0 B SRR T # 47 kinase assay R #£ 3840 PI3K & mTORC2 = 7&

MREE X H e PIEEARAT A AT
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4. Akt B R EFIE FLIP 2R X ba AL R E

f B R ey HE R P 45t Akt 384 FLIPs & 32,77 4 £ i i mRNA 242 K2 %
(ubiquitin)ig & o f£ 3} -84 fm B Ak P 1 A PI3K &4 4] | T 1% sk, FLIPs mRNA & 3,
T - (Nam et al., 2003) - 3 4 » Akt-USP8-AIP4-FLIPs & B AT A7 4= Akt 38 4x FLIPs
#8418 2 — > AIP4 % FLIPs %z E3 ubiquitin ligase’ f USP8 % AIP4 % E3 ubiquitin
ligase » Bl st USPS & 3,8 T T feft AIP4 & B3 o it ¥ i FLIPs 3% 24k i ik 1%
## o ligase(Panner et al., 2010) « ARIF KA F a9 R > §F du PIEHEAT AR FE K
i ik FLIPs #4:2 F1b > {2 AL K852 USP8 2 A MR BB H - W& RBT
B oo PIER 54T B 7T AR @ o B 4 H €3 8 32 48 M i ag, FLIPs #4972 %4t » 3 B FLIPs
] 5 A £ & E3 ubiquitin ligase - I& 7 Akt 2 9 > c-myc 43k 45 & €39 #] FLIP =
&3, 0 i B c-myc F¥E F 4a ey TRAIL x g % M (Ricci et al., 2004) - 12 #4147 3
&R T AWK R > c-mye R BLR M F B> B c-myc 7T 48k £ 1 &AM
K3 a9 % o 5B 4 ERK ~ MEK-1 kinase % /& M4, 7T 481 FLIP &3 B A8 Rf1E > §

dFIE AT AR T EBECREPE FLIPs KR RAAFR—FHAR °

F B E b o 3l CagPAl ~ CagE & CagA #k B 5k 64 t ¥R P43 09 5 5 &
R RV F APIRRFARBEOA LA KT AREARET L@k
FLIPs &) % 3R, > 4 m {2 & TRAIL st 3% S48 464 DISC mi& s e A > 3t B b
R 5 I TRk B F CagA ik o A5 A$RE LR 4afis ¥ FLIPs R R %
Akt FEHEPTIRAYE 0 F e PIERRAT 8RR S B ) Akt 84 75 M M 4% 4m B FLIPs & 1%

1& 0 B b3 hodam fn ¥ TRAIL 89 Rk 2 M M 3| A2 dm f B = o

22



54 UK

Abajy, M.Y,, J. Kopec, K. Schiwon, M. Burzynski, M. Doring, C. Bohn, and E. Grohmann.
2007. A type IV-secretion-like system is required for conjugative DNA
transport of broad-host-range plasmid pIP501 in gram-positive bacteria.
Journal of bacteriology 189:2487-2496.

Alessi, D.R., M. Andjelkovic, B. Caudwell, P. Cron, N. Morrice, P. Cohen, and B.A.
Hemmings. 1996. Mechanism of activation of protein kinase B by insulin and
IGF-1. The EMBO journal 15:6541-6551.

Asahi, M., T. Azuma, S. Ito, Y. Ito, H. Suto, Y. Nagai, M. Tsubokawa, Y. Tohyama, S.
Maeda, M. Omata, T. Suzuki, and C. Sasakawa. 2000. Helicobacter pylori CagA
protein can be tyrosine phosphorylated in gastric epithelial cells. The Journal
of experimental medicine 191:593-602.

Backert, S., S. Moese, M. Selbach, V. Brinkmann, and T.F. Meyer. 2001.
Phosphorylation of tyrosine 972 of the Helicobacter pylori CagA protein is
essential for induction of a scattering phenotype in gastric epithelial cells.
Molecular microbiology 42:631-644.

Backert, S., T. Schwarz, S. Miehlke, C. Kirsch, C. Sommer, T. Kwok, M. Gerhard, U.B.
Goebel, N. Lehn, W. Koenig, and T.F. Meyer. 2004. Functional analysis of the
cag pathogenicity island in Helicobacter pylori isolates from patients with
gastritis, peptic ulcer, and gastric cancer. Infection and immunity
72:1043-1056.

Bacon, D.J., R.A. Alm, D.H. Burr, L. Hu, D.J. Kopecko, C.P. Ewing, T.J. Trust, and P.
Guerry. 2000. Involvement of a plasmid in virulence of Campylobacter jejuni
81-176. Infection and immunity 68:4384-4390.

Brown, L.M. 2000. Helicobacter pylori: epidemiology and routes of transmission.
Epidemiologic reviews 22:283-297.

Brunet, A., A. Bonni, M.J. Zigmond, M.Z. Lin, P. Juo, L.S. Hu, M.J. Anderson, K.C. Arden,
J. Blenis, and M.E. Greenberg. 1999. Akt promotes cell survival by
phosphorylating and inhibiting a Forkhead transcription factor. Cell
96:857-868.

Censini, S., C. Lange, Z. Xiang, J.E. Crabtree, P. Ghiara, M. Borodovsky, R. Rappuoali,
and A. Covacci. 1996. cag, a pathogenicity island of Helicobacter pylori,
encodes type I-specific and disease-associated virulence factors. Proceedings
of the National Academy of Sciences of the United States of America
93:14648-14653.

Chen, X., H. Thakkar, F. Tyan, S. Gim, H. Robinson, C. Lee, S.K. Pandey, C. Nwokorie, N.

23



Onwudiwe, and R.K. Srivastava. 2001. Constitutively active Akt is an
important regulator of TRAIL sensitivity in prostate cancer. Oncogene
20:6073-6083.

Chen, Y., Y. Wang, W. Xu, and Z. Zhang. 2005. Analysis on the mechanism of
Helicobacter pylori-induced apoptosis in gastric cancer cell line BGC-823.
International journal of molecular medicine 16:741-745.

Conradi, J., S. Huber, K. Gaus, F. Mertink, S. Royo Gracia, U. Strijowski, S. Backert, and
N. Sewald. 2012. Cyclic RGD peptides interfere with binding of the
Helicobacter pylori protein Cagl to integrins alphaVbeta3 and alphaSbetal.
Amino acids 43:219-232.

Covacci, A., S. Censini, M. Bugnoli, R. Petracca, D. Burroni, G. Macchia, A. Massone, E.
Papini, Z. Xiang, N. Figura, and et al. 1993. Molecular characterization of the
128-kDa immunodominant antigen of Helicobacter pylori associated with
cytotoxicity and duodenal ulcer. Proceedings of the National Academy of
Sciences of the United States of America 90:5791-5795.

Eaton, K.A., S. Suerbaum, C. Josenhans, and S. Krakowka. 1996. Colonization of
gnotobiotic piglets by Helicobacter pylori deficient in two flagellin genes.
Infection and immunity 64:2445-2448.

Fan, X., S.E. Crowe, S. Behar, H. Gunasena, G. Ye, H. Haeberle, N. Van Houten, W.K.
Gourley, P.B. Ernst, and V.E. Reyes. 1998. The effect of class Il major
histocompatibility complex expression on adherence of Helicobacter pylori
and induction of apoptosis in gastric epithelial cells: a mechanism for T helper
cell type 1-mediated damage. The Journal of experimental medicine
187:1659-1669.

Fruman, D.A,, S.B. Snapper, C.M. Yballe, L. Davidson, J.Y. Yu, FW. Alt, and L.C. Cantley.
1999. Impaired B cell development and proliferation in absence of
phosphoinositide 3-kinase p85alpha. Science 283:393-397.

Haslam, R.J., H.B. Koide, and B.A. Hemmings. 1993. Pleckstrin domain homology.
Nature 363:309-310.

Hawkins, PT., T.R. Jackson, and L.R. Stephens. 1992. Platelet-derived growth factor
stimulates synthesis of PtdIns(3,4,5)P3 by activating a PtdIns(4,5)P2 3-OH
kinase. Nature 358:157-159.

Higashi, H., A. Nakaya, R. Tsutsumi, K. Yokoyama, Y. Fuijii, S. Ishikawa, M. Higuchi, A.
Takahashi, Y. Kurashima, Y. Teishikata, S. Tanaka, T. Azuma, and M.
Hatakeyama. 2004. Helicobacter pylori CagA induces Ras-independent
morphogenetic response through SHP-2 recruitment and activation. The
Journal of biological chemistry 279:17205-17216.

Higashi, H., R. Tsutsumi, S. Muto, T. Sugiyama, T. Azuma, M. Asaka, and M.

24



Hatakeyama. 2002. SHP-2 tyrosine phosphatase as an intracellular target of
Helicobacter pylori CagA protein. Science 295:683-686.

Hofreuter, D., S. Odenbreit, and R. Haas. 2001. Natural transformation competence in
Helicobacter pylori is mediated by the basic components of a type IV
secretion system. Molecular microbiology 41:379-391.

Ivanoy, S.S., and C.R. Roy. 2013. Pathogen signatures activate a ubiquitination
pathway that modulates the function of the metabolic checkpoint kinase
mTOR. Nature immunology 14:1219-1228.

Janicke, R.U., M.L. Sprengart, M.R. Wati, and A.G. Porter. 1998. Caspase-3 is required
for DNA fragmentation and morphological changes associated with apoptosis.
The Journal of biological chemistry 273:9357-9360.

Jones, N.L., A.S. Day, H.A. Jennings, and P.M. Sherman. 1999. Helicobacter pylori
induces gastric epithelial cell apoptosis in association with increased Fas
receptor expression. Infection and immunity 67:4237-4242.

Karnholz, A., C. Hoefler, S. Odenbreit, W. Fischer, D. Hofreuter, and R. Haas. 2006.
Functional and topological characterization of novel components of the comB
DNA transformation competence system in Helicobacter pylori. Journal of
bacteriology 188:882-893.

Kerr, J.F., A.H. Wyllie, and A.R. Currie. 1972. Apoptosis: a basic biological
phenomenon with wide-ranging implications in tissue kinetics. British journal
of cancer 26:239-257.

Kodaki, T., R. Woscholski, B. Hallberg, P. Rodriguez-Viciana, J. Downward, and P.J.
Parker. 1994. The activation of phosphatidylinositol 3-kinase by Ras. Current
biology : CB 4:798-806.

Krueger, A., |. Schmitz, S. Baumann, P.H. Krammer, and S. Kirchhoff. 2001. Cellular
FLICE-inhibitory protein splice variants inhibit different steps of caspase-8
activation at the CD95 death-inducing signaling complex. The Journal of
biological chemistry 276:20633-20640.

Kwok, T., D. Zabler, S. Urman, M. Rohde, R. Hartig, S. Wessler, R. Misselwitz, J. Berger,
N. Sewald, W. Konig, and S. Backert. 2007. Helicobacter exploits integrin for
type IV secretion and kinase activation. Nature 449:862-866.

Liao, Y., and M.C. Hung. 2004. A new role of protein phosphatase 2a in adenoviral
E1A protein-mediated sensitization to anticancer drug-induced apoptosis in
human breast cancer cells. Cancer research 64:5938-5942.

Lin, W.C., H.F. Tsai, H.J. Liao, C.H. Tang, Y.Y. Wu, P.l. Hsu, A.L. Cheng, and P.N. Hsu.
2014. Helicobacter pylori sensitizes TNF-related apoptosis-inducing ligand
(TRAIL)-mediated apoptosis in human gastric epithelial cells through
regulation of FLIP. Cell death & disease 5:€1109.

25



Liu, X., H. Zou, C. Slaughter, and X. Wang. 1997. DFF, a heterodimeric protein that
functions downstream of caspase-3 to trigger DNA fragmentation during
apoptosis. Cell 89:175-184.

Maehama, T., and J.E. Dixon. 1998. The tumor suppressor, PTEN/MMAC1,
dephosphorylates the lipid second messenger, phosphatidylinositol
3,4,5-trisphosphate. The Journal of biological chemistry 273:13375-13378.

Marshall, B.J., and J.R. Warren. 1984. Unidentified curved bacilli in the stomach of
patients with gastritis and peptic ulceration. Lancet 1:1311-1315.

Mayer, B.J., R. Ren, K.L. Clark, and D. Baltimore. 1993. A putative modular domain
present in diverse signaling proteins. Cell 73:629-630.

Mobley, H.L. 1996. The role of Helicobacter pylori urease in the pathogenesis of
gastritis and peptic ulceration. Alimentary pharmacology & therapeutics 10
Suppl 1:57-64.

Morris, A.J., M.R. Ali, G.l. Nicholson, G.l. Perez-Perez, and M.J. Blaser. 1991.
Long-term follow-up of voluntary ingestion of Helicobacter pylori. Annals of
internal medicine 114:662-663.

Moss, S.F., J. Calam, B. Agarwal, S. Wang, and P.R. Holt. 1996. Induction of gastric
epithelial apoptosis by Helicobacter pylori. Gut 38:498-501.

Nam, S.Y., G.A. Jung, G.C. Hur, HY. Chung, W.H. Kim, D.W. Seol, and B.L. Lee. 2003.
Upregulation of FLIP(S) by Akt, a possible inhibition mechanism of
TRAIL-induced apoptosis in human gastric cancers. Cancer science
94:1066-1073.

Pan, G., K. O'Rourke, A.M. Chinnaiyan, R. Gentz, R. Ebner, J. Ni, and V.M. Dixit. 1997.
The receptor for the cytotoxic ligand TRAIL. Science 276:111-113.

Panka, D.J., T. Mano, T. Suhara, K. Walsh, and J.W. Mier. 2001. Phosphatidylinositol
3-kinase/Akt activity regulates c-FLIP expression in tumor cells. The Journal of
biological chemistry 276:6893-6896.

Panner, A., C.A. Crane, C. Weng, A. Feletti, S. Fang, A.T. Parsa, and R.O. Pieper. 2010.
Ubiquitin-specific protease 8 links the PTEN-Akt-AIP4 pathway to the control
of FLIPS stability and TRAIL sensitivity in glioblastoma multiforme. Cancer
research 70:5046-5053.

Pham, K.T., E. Weiss, L.F. Jimenez Soto, U. Breithaupt, R. Haas, and W. Fischer. 2012.
Cagl is an essential component of the Helicobacter pylori Cag type IV
secretion system and forms a complex with CagL. PloS one 7:e35341.

Ricci, M.S., Z. Jin, M. Dews, D. Yu, A. Thomas-Tikhonenko, D.T. Dicker, and W.S.
El-Deiry. 2004. Direct repression of FLIP expression by c-myc is a major
determinant of TRAIL sensitivity. Molecular and cellular biology
24:8541-8555.

26



Rudi, J., D. Kuck, S. Strand, A. von Herbay, S.M. Mariani, P.H. Krammer, P.R. Galle, and
W. Stremmel. 1998. Involvement of the CD95 (APO-1/Fas) receptor and ligand
system in Helicobacter pylori-induced gastric epithelial apoptosis. The Journal
of clinical investigation 102:1506-1514.

Rudner, J., V. Jendrossek, K. Lauber, PT. Daniel, S. Wesselborg, and C. Belka. 2005.
Type | and type Il reactions in TRAIL-induced apoptosis -- results from
dose-response studies. Oncogene 24:130-140.

Sakahira, H., M. Enari, and S. Nagata. 1998. Cleavage of CAD inhibitor in CAD
activation and DNA degradation during apoptosis. Nature 391:96-99.

Sarbassov, D.D., D.A. Guertin, S.M. Ali, and D.M. Sabatini. 2005. Phosphorylation and
regulation of Akt/PKB by the rictor-mTOR complex. Science 307:1098-1101.

Schneider, P,, M. Thome, K. Burns, J.L. Bodmer, K. Hofmann, T. Kataoka, N. Holler, and
J. Tschopp. 1997. TRAIL receptors 1 (DR4) and 2 (DR5) signal FADD-dependent
apoptosis and activate NF-kappaB. Immunity 7:831-836.

Shaffer, C.L., J.A. Gaddy, J.T. Loh, E.M. Johnson, S. Hill, E.E. Hennig, M.S. McClain, W.H.
McDonald, and T.L. Cover. 2011. Helicobacter pylori exploits a unique
repertoire of type IV secretion system components for pilus assembly at the
bacteria-host cell interface. PLoS pathogens 7:€1002237.

Stein, M., F. Bagnoli, R. Halenbeck, R. Rappuoli, W.J. Fantl, and A. Covacci. 2002.
c-Src/Lyn kinases activate Helicobacter pylori CagA through tyrosine
phosphorylation of the EPIYA motifs. Molecular microbiology 43:971-980.

Stephens, L., K. Anderson, D. Stokoe, H. Erdjument-Bromage, G.F. Painter, A.B.
Holmes, P.R. Gaffney, C.B. Reese, F. McCormick, P. Tempst, J. Coadwell, and P.T.
Hawkins. 1998. Protein kinase B kinases that mediate phosphatidylinositol
3,4,5-trisphosphate-dependent activation of protein kinase B. Science
279:710-714.

Tibbetts, M.D., L. Zheng, and M.J. Lenardo. 2003. The death effector domain protein
family: regulators of cellular homeostasis. Nature immunology 4:404-409.

Towhid, S.T., M. Nega, E.M. Schmidt, E. Schmid, T. Albrecht, P. Munzer, O. Borst, F.
Gotz, and F. Lang. 2012. Stimulation of platelet apoptosis by peptidoglycan
from Staphylococcus aureus 113. Apoptosis : an international journal on
programmed cell death 17:998-1008.

Vazquez-Sanchez, E.A., M. Rodriguez-Romero, L.E. Sanchez-Torres, S.
Rodriguez-Martinez, J.C. Cancino-Diaz, O. Rodriguez-Cortes, E.S. Garcia-Lopez,
and M.E. Cancino-Diaz. 2014. Peptidoglycan from Staphylococcus aureus has
an anti-apoptotic effect in HaCaT keratinocytes mediated by the production
of the cellular inhibitor of apoptosis protein-2. Microbiology and immunology
58:87-95.

27



Viala, J., C. Chaput, I.G. Boneca, A. Cardona, S.E. Girardin, A.P. Moran, R. Athman, S.
Memet, M.R. Huerre, A.J. Coyle, P.S. DiStefano, P.J. Sansonetti, A. Labigne, J.
Bertin, D.J. Philpott, and R.L. Ferrero. 2004. Nod1 responds to peptidoglycan
delivered by the Helicobacter pylori cag pathogenicity island. Nature
immunology 5:1166-1174.

Vogel, J.P.,, H.L. Andrews, S.K. Wong, and R.R. Isberg. 1998. Conjugative transfer by
the virulence system of Legionella pneumophila. Science 279:873-876.

Wiley, S.R., K. Schooley, P.J. Smolak, W.S. Din, C.P. Huang, J.K. Nicholl, G.R. Sutherland,
T.D. Smith, C. Rauch, C.A. Smith, and et al. 1995. Identification and
characterization of a new member of the TNF family that induces apoptosis.
Immunity 3:673-682.

Wu, Y., H.F. Tsai, W.C. Lin, A.H. Chou, H.T. Chen, J.C. Yang, P.I. Hsu, and P.N. Hsu. 2004.
Helicobacter pylori enhances tumor necrosis factor-related
apoptosis-inducing ligand-mediated apoptosis in human gastric epithelial cells.
World journal of gastroenterology : WJG 10:2334-2339.

28



B & A

A) . ; | !"
S | |
Jlos1 || “12.46 || “1572 |
S =) - |
| / I | 1
] l 4 j 1
Medium g Ti?:ﬁ.IL ;Idﬁ'ta - WTprIorl é-l-nltm'z'e-’
16.3 Ll “l107 [rl =134.9 | w]33.0 J]l
-\ Sl I —l
I\ Nl A « U1

TRAIL+ACagE H. pylori TRAIL+ACagPAIH. pylori  TRAIL+ACagAH.pylori  TRAIL+ WT H. pylori

(B) -

50 *
1

as

40 -
- 35
L,D 30
o]
= =
w)
\0\? 20

15

10

5 -

. . WT  ACagPAl ACagE ACagA WT
medium medium H.pylori H.pylori H.pylori H.pylori H.pylori

TRAIL: - + - + + + +

29




©) 25

*

|
15 _I* l
uj---.I

. . WT ACagPAl ACagE AcCagA WT
medium medium Y ouiori H.pylori H.pylori H.pylori H.pylori

TRAIL: = + - + + + +

Apoptotic index (A 445)

Fig.1 CagE & CagPAl AEHHIFr% - BFIRBEBR AR ETHNE L afm ¥
TRAIL R &M o455  BTEOA R AKELRRTHETRM -

(A) fmfi s H pylori B % 12 /8542 (MOI = 100) > Au A TRAIL(40 ng/ml) &_JE =
B R dm e 0 DA T0%IBAE AR I B 20 BBATEIE 30 g0l b o Bl R
B 4a e oo 5000 rpm ~ 5 4% 0 KPR EF R v Ae A RNase &9 DNA
staining buffer 4744 4= #& > & Av A\ Propidium lodide #2442 4) > 7 £ 8 R & 30
758 o RE 5T AL B 5000 rppm ~ 5 448 0 3w EFRAR UL PBS {1 e B
LA R 4 BAR o #7 sub-Gl & bk -

(B) Fig.1(A)z & /LB & (n =3, *P <0.05) -

(C) tap s H. pylori & 3 12 /N#54%(MOI = 100) » oA TRAIL R & = /185 -
Cell Death Detection EILSA (Roche)$2 % 7 7% » £ anti-DNA-POD -~
anti-Histone —f&H i o #rmpn P H o) DNA-AE e e A @i A2

B e R4E(n =3, *P < 0.05) -

30



Fig.2

(A)
A\CagPAl  ACagE /\CagA WT
MOl 0 50 100 0 50 100 0 50 100 0 50 100
CagA ey

Pro-Caspased (il (i S B 0 B 0 5 &0 &0 BB &9

Cleaved-Caspase8

FLIPs eras ecoevepevcep e gp o
Actin  CESER HE SR O ER G W 5D R G

(B)
TRAIL
/A\CagPAl /\CagE /\CagA WT
MOI 0 50 100 0 50 100 0 50 100 0 50 100
CagA A o

Pro-Caspase8 " Wi SN S SN0 W BNp =% - W = o

Cleaved-Caspase8 = =2

Actin SHEF QU S e I 120 TS GO SN W R

-

Fig.2 CagE R CagPAl 2Kt § b FI3R 547 & G/ § L L 4= F FLIPs
RANRARTHREZNAE  BrmBNE A o2 &H N AR
FLIPs t9 & 2% » S F oot TRAIL Z R %1

B o FIER 7 A7 1 82 AGS % iz ;A MOI=50, 100 &9 F X £ F 34 12 N af44 0 A4k

£ 4 i 3 IR (A) > 3% B Av A TRAIL(40 ng/ml) R E 3 /] B544 i 4 4a i, 35 B (B)

3t oA B 282 FLIPs % 3,2 & Caspase-8 /b2 £ & o

31



Fig.3

2.5
— *
S |
i 2
< '
> I
o] 1.5
'E
lg 1
° %
o
<8_ 0.5
, = . m B '
H. pylori(MOI): - - 50 50 100 - - -
C. jejuni(MOI): - - - - - 50 50 100
TRAIL: - + -+ + -+ +

Fig3 FaFIERFERAZHGRATEAFOYE A& AMEZHGRR
3 855 BRI AGS s $ TRAIL g9 B M -

HE B PISRRAT A R E R W AT B 2 3 1 AGS % fig A MOI=50, 100 &9 7 R, 3L ] 3%

& 12 /8% > 3 v N TRAIL(40ng/ml) R & =/v 8% » A Cell Death Detection EILSA

B8 =g e B B H a8 TRAIL 89 &% Me(n = 3, *P < 0.05) -

32



Fig.4

(A)
H. pylori

Time(hrs) o 12 24
Total Akt w=e s S

Phospho-Akt
(Serd73)

FLIPs & & . .

- —

Actin DD

(B)
Wortmannin - - +
Time(hrs) 0 12 12

Total Akt QI -

Phospho-Akt
(Ser473) “-

FLIPs - e - ~

Actin DO

33



©

—EGFP-Akt
Total AKT

—Akt

Phospho-AKT W —EGFP-Akt

S ome——

FLIPs Q “ .

Actin P

Figd Fa@PIRBERAINFAARE LAk T Akt 97516 > 3B Akt 2 7%

PESR FLIPs &9 &% 3B 74 48 B

(A) 45 AGS o 227 4 48 § éa PTER 347 B R 2 + = R =+ m /N 85 (MOI = 50) >

EmpERB ABY B LR RFAETUIIERIFALTLE AGS e

Akt #9785 & FLIPs & 3, -

(B) # AGS % jt 4244 Wortmannin(l uM)#4 10% FBS RPMI 1640 & 3%+ =]

B i AR 0 AN BEEERE AGS i P Akt 8975 M #L FLIPs

kB EZ MM -

(C) 45 3% % A $8 EGFP-Akt & %] % plasmids 32 £ AGS g ¥ > =+ v/ NB 44 ik

&t o FEBR O AT B BRI AGS tmf P Akt 897582 FLIPs AR EX

F8 Bl E ©

34



Fig.5

medium H. pylori
Hours 0 4 8 12 24 0 4 8 12 24

Phospho Akt - e wo cus GEP e ww e

rEil weweeseweww

Actin g e et QN GERD MRS CRY WS 0T R

Fig.5 B wFIBE%RAWHABEE Ltk ¥ Akt Z7E/L
# AGS o 1274 48 F du PR3 A2 B £ F) 32K 0 R ) B Rl B R 4m il 25 BRUR

T BERBRR I A A R o PTIEMEAT A2 R B 0 F] B6 7 AGS % i+ Akt &
ERRETK

35



Fig.6

/A\CagPAl /\CagE /A\CagA WT
MOI 0 50 100 0 50 100 0 50 100 0 50 100

CagA — —
POK (p8S)  am wmm wne oo am 6B om o wws G 595 a6

Phospho-PTEN PP Uper NP w W YWY
R R Tl IS TORS GRSP TR VEY A0 IR D 0P

Total PTEN

MTOR  §8 e o o= on o= == == == o0 = o
RiCtor g gn am o e o e @ =5 o0 oo @D

PP2A TR TSR -y v ey W

hospho Src

TotalSrc 5 s - e b G G G S - - . -

Phospho-Akt
EREDEEERED SR - S
(5473)

Total Akt ous-on e S5 TS €50 GE) GE TED EUD W S

P aS@Besesl 48

Actin TR S Er DS P e Ny

Fig.6 B P3R53 & & Hix Akt 7EM R FLIPs %37, > B ¥4 if 49 CagPAl

% CagE BF+HM -
HREIS R 52 B de PIERAEAT B 4 %) 2 AGS 4a iz 24 MOI=50, 100 &4 7 X, 3 ]
AR 12 NG W E@BERR > BABEF B ERR T UIIERIEALT Y
% Akt 7E1t 0 BA R Akt F g2 FLIPs 23R 2 A8 Bt o

36



Fig.7
A)

- = —EGFP-Akt

— —Akt

T —EGFP-Akt
Total-Akt
—Akt

Actin - ese>e>

Phospho-Akt

—_
Z

2.5

. O Mock ’_Y_|

B Akt-EGFP

1.5 A

1

T m

HP - + . +
TRAIL - - + +

Apoptoticindex (A ;q5)

37



Fig.7 7 AGS tafietk i@ 8 &3 Akt T § da P3R5 AT 5 7] A28 TRAIL &
R o

45 A%A Akt DNA R o Z e BB 2§ L mfatk AGS» 24 /N Bpig A 8L

B da PUIE R AR 42 MOI =50 &34 12 /N 8% 5 £ 4% siv A TRAIL(40ng/ml) R JE =

INBE o 4 ] A AR 5B i 4T Western blot #8328 22 4K JL(A) o 2k 24 Cell Death Detection

EILSA 3] %= i 8 42 & (B) (n = 3, *P < 0.05) °

38



