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Abstract

Keywords:Helicobacter pylori, gastric cancer, COX-2, survivin, anti-apoptosis

Gastric cancer is one of the most common canceddHaticobracter pylori (H.
pylori) infection has been widely accepted as a majdofaxf gastric cancer. Although
many efforts have been made to studypylori, the exact mechanisms of gastric
carcinogenesis induced by H. pylori remain unclPast studies have reported thiat
pylori infection results in the over-expression of cyglggenase-2 (COX-2). It has been
reported that both COX-2 and its downstream fa&@GE may be involved in the
regulation of anti-apoptosis, but the exact medraniis unclear. This thesis shows that
H. pylori infection not only induces the over-expressio€QfX-2 but also results in the
over-expression of anti-apoptotic: factor, survivim,gastric epithelial cells, AGS. In
addition, both COX-2 and PGEstabilize survivin by decreasing the ubiquitinatiof
survivin. Moreover, a significant decrease of tlmeoant of survin is observed when
either the shRNA of COX-2 or the selective COX-aibitor, celecoxib, is used to
inhibit the COX-2 induced byd. pylori infection. These results show thdt pylori
infection can induce a great amount of survivindver-expressing COX-2 and P&E
which stabilize survivin. In addition, by using immofluorescent microscopy to
examine the location of survivin, it is observedttBurvivin translocates from nucleus
to cytoplasm afteH. pylori infection. This result implies th&t. pylori can change the
location of survivin so that survivin could execatgi-apoptosis. To my best knowledge,
this is the first work that shows the infection lf pylori induces a great amount of
survivin, which is stabilized by COX-2 and Pg&End induces the translocation of

survivin.

Vi



Vii



ACN
APS
BabA
BCA
BSA
CagA
cag PAI
CBB
COX-2
DMEM
DTT
EDTA
EGFP
Grb2
GSK33
H.pylori
HRP
IAP
1gG

IL
INCENP
IP

IPA
kDa
LPS
M.O.I
OipA
PAGE
PBS
PG
PGE
PI3K
PKB
PVDF
SabA

Acetonitrile

Ammonium persulfate

Blood group antigen-binding adhesion
Bicinchoninic acid

Bovine serum albumin
Cytotoxin-associated gene A

cag Pathogenicity island
Coomassie brilliant blue
Cyclooxygenase 2

Dulbecco's modified eagle medium
Dithiothreitol
Ethylenediamineteraacetic acid
Enhanced green fluorescent protein
Growth factor receptor-bound protein 2
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¢ - & pro-inflammatory cytokines . &_ IL-1p £ tumour necrosis factor
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\ J ) € :’--" 1500
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Inhibit CagA _
| transcnpiion l E 1000
Er 2
=310/ | -308AY, ;
st ' - 500

£ Decrease
cell acidity
(raise pH)

Hypochiorhydria,
atrophic gastritis

,

Gastric >
’7 Parietal cell

cancer

(Bl : 4 p Nature Review Cance?;28-37 (2002))
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a5 TS g i o ik COX-2 (cyclooxygenase-2)4 I » COX-2 4 3w 11 %
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Type IV secretory H. pylori q
apparatus VacA .
\ : \ % Mucous
Apoptosis X\

3
Vascular Tight L
permeability 1 | & oot Disruption of epithelial
Jashine barrier — nutrients
leak into mucous layer

3]
& | PMN IL-8 and Macrophage
g< recruitment__ other
£ /— chemokmes
Cg & 3 .
’ : NO : ]L 12—\ L2 cell
: “_ . THO cell Cytokine-induced
-------------------- > | changes in
‘gastric physaology

i B Nat Rev Microbiol 2(9):747-765(2004))

2,

= ~ w3z (cell proliferation)
do FPAR AR FIR A 18 0 » i S e e & f ¥ 4 (proliferation)e § LRk
it CagA ¢ 7% it MAP kinases 4-%t ERK1/2 12 % Jun F-v & FRipL it 1 L8
c-fos A Fl# 4> &7 % Jun ¢ fr FOS F-v¢ 7= heterodimer— 4zi& » w7 ¢
% o Jun/FOS heterodimeF it ¢ i&—- # F25 Cyclin D1 A FlE & fr ko 7 £
I o g ke Cyclin D1 ¥ i2— # 4o Cyclin-dependent kinase; = 4f & 48 :

Cyclin-dependent kinase 4/6 (CDK 4/B)(>) -
14



Nucleus

1 DNA synthesis I 9
gencs
Cyelin DI gene

B~ -4 p Journal of Cellular Physiolog200:334-342 (2004))

% Cyclin D1 ~ £ 2 ¢ &% Rb 30 et ea B #&73
E2F: E2F % DNA £+ 5 fpd £ & - % * £ 40 E2F ¥ Niaim® Ah

Gl phasesnpF FF > 1 ¥ i = fw?# 3 4 (proliferation)-

o~ wfe k- Bt - (apoptosis and anti-apoptosis)
B s OO s B ELE € R mre B F B B UREGE D - JRGR S de U
B FR Lm0 g}“ﬁ" A g Fiwme gt w0 (1) &P
Vg FR % 16 € 1iaE FAS & 3o 1%’%6 4= FAS ligand (FASL) s & B8 fm 72
Hoad e g (2) d IRt R ;ﬁ d fr class Il major histocompatability
complex (MHC) + F g & WGk fmie k= 5 ¥ % > u,ﬁ; Tk A Y B2 AT
o A e PR 4R F e VacA A F]F i i s 1 cytochrome Cig - R T

caspase 3 i&_i¢ § FRmPz & {7 wmP? k-~ (apoptosisy

15



Mo - RPIRR G o AR F T R § ;ﬁgd NF«B /&t » #:& COX-2
(cyclooxygenase-2) iINOS (inducible nitric oxide synthaseBcl-2 % fiim® k= 7]
+ R e X FlL Bel-2 72 hk-d FE frilmre k= F1F pb3s Bax hE R
[56] (B4 ) Flet iP5 gs A7 ac» &5 % wle &2 flm?? k= & Jpcdrck o @
B iR v prdp o COX-2 7 ac» R dimie = i3 3 [56] - & & COX-2 1 %

Lol Flieim 5= gl 1 5 Bi0F 2o L o

Pro-apoptotic Anti-apoptotic
S

[Oess] :
e

COxX | f NSAIDs

PGE, 16d-PGJ;

Tr ipti f pro- ot i
ranscription of pro-apoptotic genes | PPARY-RAR —— 5

| activates transcription PPARY
| of anti-apoptotic genes
I

(B4 -4 p Nature Review Cance?;28-37 (2002))

EF AR FAOORBEAI T AR TR B L RIvER o &
ol F R S v @ wEREF L G R RPMORRE - LB 1T B
287 7 %% (Mongolian gerbils % + i) &) @ S3#F » P Y FoR 4 €
W mpad 4[67] & 2 HiEse i & Correa’s cascade

PR qors borif o R b e P ERORE FAOR A 0 $ A i i 2 ahE R

Ea LB odir it tgea o e i g %‘f—’ﬁ ¢ * microarray

16



{v proteomicssngt i iE FERE kT 3 0 2 i A H. pylori #rildz 2 A E ¥ B &2

BHAF g v F LG FRFL
¥z & ‘é';:‘fi']l%cifbﬁfiﬁ?ﬁ’r ”%’-A}—ﬂ-’f\?g}% g 4

- ~ % - Alk§ it ¥ (Cyclooxygenase-2, COX-2)
COX x % 5% % i-f% (Cyclooxygenase, COX) B # #rivih £ 5 = A I &
(isoform): & %] 5= COX-1- COX-2 2 COX-3- @ p ¥ COX-1 2 COX-2 &
B f#B S F 0 B4 i COX-3 5 COX-1 éh split formo &3 & # 3 &4

FGENE s BE e COX-1 2 COX-2 A~ £33 71kDa » 4 600 % i vefhpssr

Ao A FARIF 63 %2 ApiE s - AT 0 COX-1 g AR A AT
Flagd o s RTHE PRI L Ry Ry EIgE . fiapdiin
B e TR s S AR PR L FL B T AT KT

St % 2 W AR A[58,59] & COX-2 Pl 2 h# & MALAF < % 1 #idh ~ 3% f) moe

PE G FETRLG  AXMALF AL A LR COX-2 A AT G

I

Bom > COX-2 ¢ X TNFo~LPS~IL1 2 fljgm ~ £ &R g K ehle st BF
[60-65] 14 2 j& it P E i im e ¥ o COX-2 i & that it & & & % 7] 9 4
(Prostaglandin) COX-2 ¥ #-f-2 = %t (arachidonic acidjig i+ = PGG - £ 5
d peroxidase® #f= PGE ~ PGR ~ PGh{r TXA, %---[66, 67] izt & = 22 3% X

Fs~ s~ n P HFARE 8 BATE PR IR R0 PR (R ) - L
R g AR b df % Y B i (malignanciesfrie g & BE ¢ 0355 COX-2 i

X E AR o B invitro e Z- 8388 i % [68-73] -

=~ COX-2 &35 %

;’i‘qllrﬂQ}EJ(#ﬂ"‘” E@Fﬁiﬁm”?’,‘%}gldﬁvﬁ +U‘&*]Tﬂ'9’g4 J"E‘%\'IRJ

=

COX-2 el )[72, 74]> 7 # 5 & < 4 2 ME 7 § B ¥ 4 4> £ & COX-PG

AT R S R A iR e B B SRR B 0 Prd] COX-2 ¥ it
17



COX i 4] (4e e #5

WAk S BT R 0 A FH R R
% 2 4f T f ) X #F 4 0 (non-steroidal anti-inflammatory drug, NSAID)-
2

Celecoxib & Rofecoxib) spR # 7 g i) itk 3 g chE g e 2 5 @ &
=) =

WAt o FEETRLERHIT L bR Y COX-2 b ardlal o plg 2
MR L0 R R e R AP R AR M 2 % Pk G (R ) - F
Paini o COX-2 ehi L7 it £ 1 Cag-A s PP ul et R Rin- BEE R

¥z - [76] -

PR &4 COX M > 74 COX-1 12 COX-2 94 4 #ril

18



: m}mmmmmmmm R

(B : 4 p Nature Review Cancef(2):130-140 (2006))
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& 2003 # - d Krysan K & 4 %7 3 45 11 » COX-2 12 2 2 7 P54 + PGB
Vi B 3iEE (survivin) i E ehid % v (Ubiquitination) gh it o ig @ ¥ (R

FEE MY ARG A 0 3EFAINA- e M Pk o B G

COX-2 Hdctmabfrimm @ chpik= F s B 1 - B¥ 0 duk2[77] -

- ~ F%&% (Survivin)

F5% (survivin) € e &= Fr4] 3¢ (inhibitor of apoptosis, IAP)-
fa o B frdvenimie k= Frq F-v ¢ 350 X-linked IAP(XIAP), clAP1, clAP2, livin,
NAIP, apollon:r 2 survivine 4345 £ o1 987 7 &7 > fwfe k= frd3-v  (IAP) 2
& H % Edrd] caspasetiE t o R PIFrdllmie k= chE i o @ 3 E R R A e
ek 3 ¢k e 0 G 8 142 BisA L 0 ) 16.5 kDar - 4k
WP AR OF N L EBIRG 3E AT LB XIAP ¢ g i Fr4| caspased/7
it % chs 30 R g caspase3/[FEhE o «"“—‘L # Smac/DIABLO 7= >

FE IO B e re = e (B =)

20



e

S senyes
LIy et
T }'liu)?‘rr :

Apaptotic
Stimuli |
!

Cytochromec O
p18 Active caspase-8

0
== Apaf1
Caspase-9
Procaspase-3/7 Dimer
T
‘ § Apoptosome
Active caspase-3/7 | —— “
s Smac/Diablo

— &

Omi/Htr2A

Cytoplasmic Substrates

Nuclear Substrates

(B-+- 4 p Oncogene22(53):8568-8580 (2003))

S REMEES A RSt 5 EE o £ AR[T8] - &

AL TR

a4

AL A ERT > BERMLIER AR AR RS we?
L%ﬁm%é’m%~ﬁﬂ%4%%%ﬁ%m:ﬂ&’@—ﬁmpzﬁm’&
EFOFERT > 3EFAE L e AP R E R A b d > ad N H
LEPie(s 30 ~48) Flrt g m”?‘*é\ﬁﬁfﬁ’mp%)‘*%gn& EIN SN
imPz ¥ o @m flmie & B PF 0 352 ¥ 1% 1o Aurora B, Borealin/Dasraz %
INCENP (Inner centromere proteinjiis & »25 = 4 ¢ 48 @ £4F £ 4 (chromosome

passenger complexjt ¥ m e o B pF 4 ¢ f8 e fe[79] Flpt & GJ/M phasep¥ »
21



AL ZREPIT]  FILPERTRGTEER - BRELADELETFF 0 AT
Wi pime < § o B o AV E RS e = sk o

ﬁ%iﬁﬁpfﬁﬁ’ﬁﬁﬁg*iimiﬁﬁ@%ﬁ£$§%M%ﬂ,g
LR Rpmie o 38 SR TR SR SR R TR R
VE BRI E R G e e D Bl B P 0 3R R EARA NS 345%~68 %%
?:Bﬁﬁﬁﬁﬁﬁi%ﬂ’ﬁﬁéﬁiéﬁﬂﬁé—ﬁ¥iﬂﬁﬁﬁﬁﬁ&ﬁ
#5575 > h 167 BY REHET Y 0 A9 63 BEMBILF K(Y 401%) 5 A
RV Rl R A R Tk TR R R G ook [ G AR o Fl A
FREFEL Y O R REAEV R E - AT RTINS BETS > 3EE
i EAR < £ 0 R AT A7 2[80]

E TR 25 N PRS- S ’ﬁzv)g»ka}ﬂ s". > ?{u SiRNA =7 ;% knock down

/

G i T %ggpﬁamgﬁﬁw?»BQHWJQ%%H,F{,s@@
s '."-l'

% k(40 SGC-7901) ¢ 1 suRN)& "T[ |

PRV S ré;é%m;*ﬁ’f%( i '|" f»m/gw (- - )[82, 83]¢

b o

*%ﬂﬁm%m%ﬁ BT F e k2

EXTRINSIC PATHWAY
INTRINSIC PATHWAY Fas/CD95,

RADIATION/
CHEMOTERAPY

CASPASE-8

» CASPASE-3

(Bl+ = ‘4 p Gene Therl3(6):464-477 (2006))
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B et g BT 0 e R Dt PR i TS ¢ &5 B-catenin/TCF SP1- HIFa ~
STAT3 % > izt FF v et 3 we? 2R af 3 esi 240

i > Cdc 20 7 Be 1 7575 % ¢0 Thr 34 & (8 3% 75 4 AR 2T %([78] -

A F g g kR 0 BT COX-2 § hsr § R aER L B e R
fofpimie ? S B AR RHEHNHyo fE R DERT D LA GFR o T E K
SAR PR N B3 S B AVER TR Y 0 A R g ¢ 5 48 COX-2 fr
GEEE R A& DR o [84-89] ¢

a3 Yu & A & 2002 # % % & British Journal of Cancerri = ip
[90] » o A A o B Rl F Fro PRI F A e0d L L e B g T A R
R e B P ; COX-2 M2 3FEE s 4 2 o AL A

R e ﬁa‘«*f Poer ¥ A b4 E ?‘F' 1 Hi RT-PCR 04 45 » ¥ 2 3 COX-2
hE I E R R AR A Y F - Sk A AT KRt o 4

FREIIAFIGR G @ A @ L K DY A o A hl L e
g b eninte 11 2 MKNA4S ~ AGS > fr KATOIIl i3 3 % me bk o 3 7R A8 o
LERVIP B }g'p‘mwﬁ\*rs—f Mg COX2 e @i sk £ AMPIM G o Fpt ¥ 1
Fipl o el R A B Y B E Y 0 COX2 VB lfriEE s kT

# E‘f’]’% ;\4 ) ﬁ;ﬁ_&?% )%’Eﬁ%ﬁ’ 4 6

B e LS FR A2 AR M A T YU R X R AR T R P
"Ejﬁﬁ‘] A ohrig 2 N R e R R _9_#« ’ﬁ%ﬁ‘IﬁLJy FeEarE4E (26.7%);
PLE ST dla RO S 4R ‘Eﬁ'm A ~COX-2 M3 FiEFndd ¥ s]g;z %81y

Tt S AR o R ARG T o E5E COX-2 éhF] 5 0 R R EE e

el g R Fa R @R R R BB F A R iE g
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¥ 8 KRB GTFETE N

G B2 et & K H. pylori G B F S i F AR R B R g cp
Bilre 325% Sy c RAad WHEEFL wme p L Bz 2 28
AR 2SS Lkt BRI

MG R P i & BT LT R F A e @ e
Bodiimre ¥ F o AT DA 0 IR AT A COX-2 ik £ 4
oo FI A fdh v v BT A PR FehR BT R 5 E ke Y b
LREL L ?%ﬁuifv} ,Lﬁiz,}f'ﬁgﬁl‘%’ﬁ&‘gﬂ"{@%’%d < § 4 COX-2 & #5%
AV TG AR Y A AR A F R @ RAL 2T g
HiEd fime ¢ EINTFF 2§ VR 29 £ E ¢ 5 COX-2 T AT PGR? 25
he @ Gkt Lt AGS: FIH 55 T2 )2 p53 R F] 0 F hiF Sy
WIE 5 B K Jve TR o 5K L HEd % AGS AU R B 0 kit- H R

i PP AR s FA Fane A 4 Fin e ik = R anis
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-~ PR SE FE R
Y TR T R 4 2 U AR (BELHC3) S FRRp

o

-~ % ’;leflﬁ';,nf‘:m’?é' i7.
AGS cell line 7 B;jlf)%i & 72 ((Human Epithelial Gastric Cells’)d 5 * %5 4

ey ¥ HRFRERE

1. ATCC® (American Type Culture Collections) : CRL-1739™

2. pamretha P53 HFIH I A Al Lo BERED ¥ P Rinre ol Uk

g mE o

S R R R A

1. % di

a. DMEM 3 %32 % & ~ Fetal Bovine Seruntp Hyclone, Utah,United

States of America

b. Penicillin-streptomycin (10X) Trypsin-EDTA (10X} 5 Invitrogen,

California, United States of America

2. # 4 (Transfection):®H:

PolyJet™ DNA ptp SignaGen Laboratories: # -

3. E¥:

a.  Celecoxibpi p #&38 # iy o

26



b. dmPGE Bp * &2 FF4 -

C. MG-132F# p 2 5. (Merck) = & o

o~ <R E2 LRI (expression vector)

1. COX-2 %3 cloneptp 4 % FL 3 -

2. COX-2 shRNA # 3 clonezi-p # & 7 7 = RNAI Core Labe

3. PEGFPP-j &+ FHBALET Y« AFMET BRE TR < (R4

BD Clontech) -
I~ R B kit

1. High-speed plasmid mini kit % p Geneaid corporation

2. High-speed plasmid midi kigt-% p Geneaid corporation

Ay REBZ KR
1. Amersham Bioscience Ultrospec 3000 Spectrophotamete
2. Amersham pharmacia biotech electrophoresis powsplg301/1001
3. Beckman Coulter Microfuge R centrifuge
4. Beckman NVT 90 ultraspeed rotor, for Backman Céamge
5. Beckman Ultracentrifuge
6. Bertec Micro-centrifuge
7. CHERNG HUEI oil bath incubator
8. Cocono Hybridization incubator
9. ELMI intelli mixer RM-2M
10. Firstec Scientific hybridization oven
11. Hitachi himac CF15R centrifuge
12. Jenco 6173 pH meter

27



13.

14.

15.

16.

17.

18.

19.

a.

Kubota 1020 centrifuge

Scientific Industries Vortex-2 Genie

Sonics and Materials Inc. Vibra CellTM
Olympic IX70 Epi-fluorescence microscope
PLA-16,250 rotor for Beckman Ultracentrifuge
TKS Orbital shaker

Tomin TM-325 autoclave

Acrylamide~ N,N'- Methylene-bis-acrylamide Tris ~ SDS~ Urea~ DTT -~
Triton X-100 % i+ ¥ 2 =.pt p Amersham Bioscience, Buckinghamshire,
United Kingdome
BCA Protein Assay Reagefit p Pierce, lllinois, United States of Ameriea
Protease inhibitor g Merck, New Jersey, United States of America
Phosphatase inhibitori: g  Roche  Diagnostics GmbH, Mannheim,
Germanye
Ammonium sulfates Bromophenol blue- Ethanol~ EDTA ~ Glycerol -
Imidazol ~ Potassium chloride Sodium hydroxide Phosphatase inhibitor
cocktail 1 & 2 Protease inhibitor cockta# i* § # =.pt p Sigma , Missouri,
United States of America
Acetic acid~ Acetonitrile -~ B-Mercaptoethanot Methanol~ TEMED P p
Merck, New Jersey, United States of America
Prestained Protein Ladder Prepl025p Bioman Scientific Co; Ltd ,
Taiwan -
A B3kl (primary antibodies)

anti-COX-2 pp Santa-Cruz Biotechnology: # -

28



b. anti-survivin f p  Cell Signaling Technology, Massachusetts, United
States of America

9. =X%3Fuf8 (secondary antibodies)

a. HRP-conjugated goat anti-mouse 1gG antibgly PharmingeCalifornia,
United States of America

b. HRP-conjugated goat anti-rabbit IgG antibody p  Jackson
ImmunoResearch Laboratories, Pennsylvania, Unitatt$Sof America

C. HRP-conjugated donkey anti-goat IgG antibody p Santa-Cruz
Biotechnology = &

d. Anti-rabbit IgG, molecular probe Alexa Fluor 546agjoanti-mouse IgGF-
p Invitrogen Corporation

10. DAPI, Hoechst 33342 g5 Invitrogen Corporation

29



B aP Ul R ke o &

-~ PRRESE A2 FRE B AR

FItR~ 3L 5§ pp 4 0% 8 E R > KA £ (primary culture) (62 -80 C
A o BN R ER®EIEF LR TR AKX (CDC Anaerobic Blood
Agar - BD BBL™steckel" plate; # 3 5 % defibrinated sheep’s blood).04 %
L-cystine~ 0.0005 % hemin 0.001 % vitamin K 0.5 % agar 0.5 % yeast extract0.5
% NaCl~ 0.5 % papaic digest of soybean meal5 % pancreatic digest of caseim)®
w37 C2ici ik 5% 10 % CQ~85 % N) 3 % 48 (28l 12 %
(sub-culture) ¥y = 2 = % > 4r » 2mL PBS: M= &g # R AERFT TR HR -
PR ALeAORE AT REE AN KBS mAR 20 L AR £

IR SR A B ).
S R R g

1. % F (medium) e ]

DMEM s R k33 & A= X 4 K= 23 % > e r 37 o phi &
(NaHCQy) #i¢ # 5 273 /% & F 1 pH k¥ % AN pHT7.3~741% > - =%
AR T 1000 MLy A6 E 0.22um e & & * & ?ﬁ@iz@’ﬁ‘:’ b
B oo @ 4o rn2 g F (Fetal Bovine Serum, FBSY F # % £ 48k %
(Penicillin/ Streptomycin) @& # &% k& 2 2 10 % FBS% 1 % 2 % (& &

10 units/mL <95 # % 2 10 units/mL sk %) > (F5 38 & wre * o
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2. ez & (cell culture)

AGS ‘m? 11 K & 4% & 75 cnf ¢hsz % #g (T-75 flask: Coming’®) # % » % »+ 37
CT'5%CQ ety « Fwme e iig? £ 1~ -4 2% > 1 PBS3i»
ik - & 0 L4 r 54 02 % EDTAZ 0.5 % % 30 fs ch’$ i3 %
(Trypsin-EDTA) 1 mL#-im*e £ 7% (trypsinization) * % » & 37C T /@i2= 3 7 &
G Bofider 3 mL A AR Fu B T r o Bmeia ] frEcis 0 £

Frafeif £ 3 B ALY B & (sub-culturey & 3 mrez & x (cell culture

dish, Corning’) 12i& 79 % o

3. ¥ 8 (counting)

EMA O R F RS trypan blue B frim 3 > R e i

(hemocytometer) i 28 i ™ 35 & fmPe Bicp o

4. wv2 & 4 (transfection)

a. wmrefite  (cell seeding)

AGS w5 trypsinized ® 323 f=4¢ié » » el 6 2~ &% (p60 culture
dish)> & 4 wmredc s 3x10/wello # 16 /| Pris > w2 £ 1 AN 2B F7 278
AR -

w4 it * PolyJet DNA reagentr? 7 2 % % n 7 DMEM ** 37 C -
c. WA

I. B~ 250uL DMEM & & 10pg plasmid-

il B~ 250uL DMEM & & 10pL PolyJet DNA reagent

il FEHI A RE S sk BHI A e I P o EFS s

iv. 7 PBS2mLiFiks > SRR AR EHE T FaFERE R

2. DMEM 5 mL -
V. Fo LB B i b dered o303 R LS 37C 5 %CQ
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ZRUERERSE S i 2

Vi. =] PFiE o #-7 plasmid 12 2 PolyJet DNA reagentiim® £ % 3 % &
Fixrrdnr (37 1% hi2 22 10 % 2 i 2
DMEM) » k42t 37C 5% CQ g %24 16 3 18 | pF o

Vil. 16 2 18/} pFfe » A - AR 2R E2PR  FAFTELF 3 % ¥ L

—=\

30 (EGFP)z fm%e » ¥ 3t L A ¥ Sk hg e T L d

\1];-
a—.
2

ﬂ

TR e o

viii. EZ R F L IT A R ] 2 e Bl o

I FRRAFEFR A RAELRR U 2R AR AR
A5 5mL> = 250uL DMEM :2& 10ug 748 4 » 250pL DMEM 2 fr i

TR F £ 2 1A 2 PolyJet DNA reagent

Culture dish Plasmidfig) PolyJet DNA DMEM(pL)
reagent(L)
6 cm dish 10 10 250
10 cm dish 28 28 500

B PR FR R R

- ~ wmreaf g (plating)
AGS % X trypsinization #3523 #4zis > £ 4 e 2 60 mm w12 £ x &
IR AEY CEA X BRI N~ 4 Nk AI A SR AR R 0 Y
PBS i#iximPe @ = > =7 7 3 2 & 3 &% (antibiotics-free medium)t > =

J EE;:J'}‘ + oo
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S PR ESE F B
PR RS FMAEE - ATT R o K- B TR
fhd PP AR E 00 3mMLPBS BT ko B2 3T kehFiR R £395 2 14 7,000
rpm e 30 F5 0 2 %_r Gk g 28 0 PBS 523 AT EANK S B 100
uL iz o 900pL PBS i £33 (10 B 4Ff) PBS 5 34 i% > #€ 600 nm
Ge Lk ki @akE g k2 10 TE T wmEk: x 10/ mLe o

a2

e R g Pt Blhwre P o0 FIL I PR AT RERR T R 3 2

) pE

=~ PR R R AR ’%J%j@m}?é
B ARG FIRAZAOB AR PP (5 TV JBed IR RE E
AGS !m it (AR % o b2 S E A mie e h o A i b T A RS FE %
v ) (multiplicity of infection, M.O.1) & & 100 52T #r 3 & DR - wF

beFlmie? B LTS 4cE Rl 37TC B CQ me A HEETR L o

v

o~ Hﬁ’{ﬁﬁm@é@%ﬁ (AGS cells fractionation)

BAF%? > dPIg it FE T rme it > T AT ALT > SWL
wE R PR Rme iy FRESS 0 B Lo wre o

AGS mr 11 4 C PBS i* ¥t » & “,% FRE B dwie L PR e £ b T

mL 74 °C PBSFlimmesz 4 @ > % 2|§jd m 2T ko a2 2w

ekt 15mL g o 2 (80 200 g4 B A4 F % e s b 8L
4°C homogenization buffer{ 3 250 mM sucrose 3 mM imidazol> pH 7.4) #-%
chimse i £499 00 1,500 g 10 Ao 441 st 700ul F 1% 3
v BB % ps de 4] ® (% * Roche i Z ¢ phosphatase inhibitor cocktail tablet,
PhosSTOP)% 1 % 3#-v #-kjzpsdr4]# (i€ * Merck ) &« protease inhibitor
cocktail) 7 4 °C homogenization bufferé-7ijik kIR ehimiz R 5453 7 @ 3
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1.5 mLicg g~ F (eppendorf)® - #Xis* 1 mL & F kwipmm 2t > {)*
IR ) e R 4 B PR e dhim e e $H e ﬁ%ﬁﬁiiﬁ? ke
% 12 {6 1,500 gates 10 A4 o BB R T S e FAERLE w0 A ALK
chz fFwre (bacteria + unlysed cells)#-B~ 18 e b f-ip d& 4 I A7 1.5 mL e 3
< o F 2 20,000g #es 1o pEr oo R MK S e B dmie £ (membrane

+nuclear) } ik i % J (cytosol)> B~ b ik egn s K - I
FD & TR

— ~ g F R (mini plasmid)idd B~

m— XA 10mL & FE KB SmLi &k (LB & TB) 4 » 42 2 i 45
4 ek R 5T FEGER (100pg/mL) i 4e x 100pL = % Bk 0 B & 16 )
Pooo% - AP 1 mL Fig - 7 14,500 rpmagc 2 44k o T4~ 200uL PD1
buffer- + T3 &% 10 =% » £ 4 » 200puL PD2 buffer) F *# % 10 =& > £ 4 »
300uL PD3 bufferr + T4 5% 10 =t o 12 14,500 rpmat~ 5 A~ 4 4 5 FpF > 2
VoKt e E LR MR R R 0 BT AR 0 B R 0 0 Kit AR
® o4 14,500 rpmags 10 F) 0 ®H R 0 4 400pL W1 buffer> £ 12 14,500 rpm
g 10 5 0 £ =0 @H-AR 0 4o~ 600pL Wash buffer £ 12 14,500 rpmag< 10
0 ®3 Bk o 11 14,500 rpmages 2 A b0 Bep b AT ROREEEE o 4e ~ 40l
k&8 TE buffer # & 2 ~ 48> & ¢ 4L 4ok & TE buffere £ 12 14,500 rpm.

2 Mdbe T IEHME A Pt AR %A E T ¥ ot DNA A o

= ~ ¢ & F 4 (midi plasmid)idh B~
- % A 500mL = £4aA)FgER 150mL £k (LB & TB) 4 » 42
Z o2 Fak R DAk R (100pg/mL) T4 ImL 2+ Fik 0 B % 16
QR B R M-RICERE A 300 mL g F o 2 6,500 gate 10 A4 o b

o 2T Kit eru]Tm? 1.2 50 mLag.w ? MR R 0 T4e ~ 5mL PEQ
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buffer. #gt< 10 » 4558 4 1 > B4 oo iR > 34 2 4AmL PM1 buffer 12
¥ (dropper) #-3t™ kehpF3a3 74> £ 4o » AmL PM2 buffer 12 F # # s -
FRChERREEISS > R A EREP ALK > £ 4o r 4AmLPM3 buffer r g ¢ #=
AL OFR S > R E R G § B ke 6,500 g4 10 A4 F 10
AEBTS o M FiR e~ Kit g E e (RBPE R SR BB TG U)o
HEmEA pRFic £ 4 12mLPWhbufferke k2 €4 p RiFac; B4 50mL
g g o P4~ 6mbisopropanol #-# fidE S FIR 7 isopropanolz s F o 4
» 8 mLPEG bufferr2#- DNA iz d g4 > F 8MLPEG M £ 4 jFizgis » 2% -
20 °C 7k "> 30 45 & 30 &~ 45is > 2 8,000 rpmag.s 15 4 45 > 'Jgf'J
v 4 e DNA ik > B3¢ ik 0 2 5 mL 75% jFpid washe £ 12 8,000 rpm &
15 440 S ElH bR 0 ©lE eppendorfgt 4 Speed Vaci 3¢ 0 i@ DNA
§0% > £ 4~ 500Ul k& TE buffers $% 2% 16 - 5> & DNA 3jz o o

R BT Rt A

= ~ 12 phenol/ chloroformi& = DNA /7
Fle kit #rde P DNA # it 27 30 T Rga L e - 7t g @iz

¢ £ f1* phenol/chloroform :& {7 DNA ik o Flgt » #-F if

e
—~~
|
N
o
—~
Iy
N

T
T

F B2 FAE > 4~ ZRBFE 2 phenobvortex BFREFETEE 31 5 Ao
£ 2 14,500 rpmis 5 44 0 B~ %4 > L 4~ 1/10 4% 0 sodium acetate

> DNA #%® » 2 E%ER 5 03Me e~ 25 &4 100% Ethanol (EtOH)

MEis o B3 20C ¢ 30 2 60445 £ 2 14,500 rpmag.s 10 4 45 0 iF]H-
AR #H ¥ g 1 1 mL75% iFpE washs £ 02 8,000 rpmégs 15 4 48 0 £ i)

Hrgr A FEREED G RERT kavh 3) 5% eppendorf 12 Speed
Vac ¢ ;% 5 @ DNA §2% » £ 4c » if % A ek & TE buffer> g% 27 16 |

pF o @ DNA 3% o 7 BB kil 16 iy o
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Fr e F9 FeiTiE

- ~ &% Uik E (Immunoprecipitation, 1P)

mo 1 % RIPA 32w (p 7 3 protease inhibitors 2 phosphatase
inhibitor) > *t/k+t 30 448> & 4C g2 7T > 1 14,500 rpmags 15 4 45 >
Bob g s £ 4 protein A(¥) 3ug F¢ F4e » 50uL oprotein A) 3t 4C &
& 3B ki 4C it T 5 £ 10,000 rpmas 30 ) 0 B o Ao r
primary antibody *t 4C » J& 16 /] F¥F o £ 4c » protein A> *> 4C ~ & 3 /)
P g 2 10,000 rpmégs 30 §) 0Bt e & fs 12 1 mLRIPA j% protein A =

= > w3 50uL RIPA/in 1 % sample buffer
=~ 9 F2 kR iR % (BCAProtein Assay)

- . #FR L

#F W A0.2NNaOH# 3% # 2 7 sodium carbonatesodium bicarbo- nate
sodium tartrates BCA B z5 3] o

A B A% FrphdEin ik o

2. BlEHZ

BEA A B3R B A 50:1 08 & fe= 4k (7% 7% (working solution): B~
10pL 39 Fak¥r 100pL HE ez (L10) R E£323 » & 37C T F & 30 &~
G518 0 1A kKRR R 562 NM T L kR JTiE o LR Fk 0L e doik B ¢h BSA
(0.25 ~ 2mg/mL) % THEde Fiamzs - T k@R ) 258y 5H -
FAER DR FHREEEERRFRE  TELEKETT %‘gd i R E

EEawHER -
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=~ o AR AP ’fp APl 48 2 A 2 45 (Sodium
dodecyl sulfate-polyacrylamide gel electrophoreSI3S-PAGE)
1. F#%ehk§

B T 5 33 (mini gel: 10 x 10.5 cmnormal gel: 15 x 15 cmy)ik % {5 11 3
B oRIBIR > ggis > WA T Y (12 x 15 x 0.1 &) 1F L spacer M4E & &
Hpgehz > LR EET 20%h o

2. fEMH(- % mini-gel gige )

AR : T AT e E @ i@ * Tricine-SDS PAGE 4 iz %] 49.5% solution ¢

3 acrylamide %8) ~ gel buffere :¥fm = & 4o
49.5% solution: 48 % acrylamide, 1.5 % N,N’-metimgebis-acrylamide
Gel buffer: 3 M Tris-HCI, pH 8.45% %% 0.3 % SDS% % °

£ fe %l separating gel it % 4o F

Separating gel Spacer gel Stacking ge
Gel %(mL) 16.5 10.0
49.5% 2.0 1.2 0.6 0.25
Sol.(mL)
Gel 2.0 2.0 1.0 0.75
buffer(Ml)
50% 1.3 1.3 - -
glycerol(mL)
ddH,O(MI) 0.7 1.5 1.4 2.0
10%APS(L) 40 40 12 24
TEMED( pL) 4 4 3 3
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2 h L4 FREN 44 4 o e s > , , PR
B3R E WA e fe o Bepty 83’}/%/&/3_)\3;\;1%_%‘6 ’#E*T'iuzsz’}é/?@%?
R S A PR FECEET FRY A6 AP

& 15 f pe ] stacking gel & E@J%i TR T SoRkeE Gk BIEF

Y 2

§o = = -Rk o b i e stacking geliR &3 RIE IR £ > BRIk A 2 2 A H
separating gel - ¥ 2z » fik #05x (comb)> & stacking gelit = mn & | F 5%
AT £ RAR DR o e TR AL o

3. R A¥#7% (Running buffer) ¢h#l# (102 fe3)

a. T & pi(RiE): Tris/HCI 0.2 M, pH8.9

Tris 121.4 ¢
ddH,0 500 mL
Total volume 500 npH Jj¥ == 8.9

b. & #ix(f18): Tris 0.1 M, Tricine 0.1M, SDS 0.1%, pH 8.25

Tris 60.57 g
Tricine 89.59 ¢
SDS 5.00¢g
ddH,0 500 mL
Total volume 500 npH F =1 8.25
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4. F¢v FH&EmI2 (Sample preparation)

#Foo FH&EZICEMAE 2B protein sample buffer >t 95 Cokig

v 5 448 - 2 % protein sample buffetpe = 4o

0.5 M Tris-HCI pH 6.8 1.0 mL
10% SDS 4.0 mL
50% Glycerol 2.4 mL
B-Mercaptoethanol 0.2 mL
Coomassie Brilliant Blue 01
ddH,0 10 mL
Total volume 10 mL

5. ZAZHEE 2

R g PR RBB AR > AT VB FATITAERE L 0 #7
Wb - G e TR o BT IAEERR AR T AN o e BAIR A ey
BEaRrHREH? AR EELE TEEIE AT 30 REF (V)

400 ¥ % 3 (MA) g e TPk - o B0 & R 90 R4 (V) 0 400 ¥ % 3

i\4

SE o R AT AT REAT

(MA) T A EFR A g HHB IR A
AR ERHET EE R0 7 A+ & (Low-range Protein Molecular Weight

Markers4c™ #153 :

Phosphorylase B 97.4 kDa
Bovine serum albumin 66.2 kDa
Ovalbumin 45.6 kDa
Carbonic anhydrase 31.0 kDa
Soybean trypsin inhibitor 21.5 kDa
Lysozyme 14.4 kDa
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r ~ > L Ekiz (Western blot)

1. 3% F#e L {7 (Transfer)

7 $L &7 separating gels -] 4p 7 557 PVDF membrane £ membraned & %
ok i 100 % 7 ERRiE A 5 G Ak RaE T R e st B g g
(10 MM CAPS- 10 % MeOH pH11.0)- d T @ + =B p T A - &4 E (1) = %
e E i B i B g XA~ (2) PVDF membrane (3) separating gelz 2 (4) ¥ ¢
ZREEERTCE IR ORI FEALY 2R E 2§24 7 £ membraneiz
BRI CREVIIRLIEFPEF O EE TR EEF R IR o EER Y
g in ik Py separatinggebm ff 0 F T o0 ImAERFER e o
is =T PVDF membranex 12 Fast green #|:& {7 4 ¢ /& T d-v @& e F 2 =

B AR in e

3. 4 TR A28 SRy rcop ¥ (Preparation of reagents

and buffers)

a. Fast Greeniffz = 40

Fast green 0.1g
Acetic acid 10.0 mL
Ethanol (95%) 26.3 mL
ddH,O 64 mL
Total volume 100 mL
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b. pe i % % (Washing buffer)

TN 20 mM Tris-HCI, pH 7.5, 0.15 M NaCl
TNT 20 mM Tris-HCI, pH 7.5, 0.15 M NaCl, 0.5% Twe2 (v/v)

3. B EEEkITHR

& &7 47 ¢ PVDF membrane? Fast greeng-v 5 4 &4 ¢ #icf) > £ 11 = & F 45

KEEARSE > FHR B wiRe ¢ 5 hgzis 0 & PVDF membranex 4 ¢ &% 27
BB XL A EFRESRS F LA £ 2 100 % T ARz E PVDF
membraneid H Fx4p AR OREBRE - i 0 e ez 4% migwmgsa TN 8
a2 EHE 1 FiEEEREEE (blocking)e @H-F Rk > TF R FA4
=yl (primary antibody)s & & Js o 47 gt 4 TN A8 0 & Fokl anffrff ol o
anti-survivin (1:500)~ anti-actin (1:10,000) anti-COX-2 (1:200)~ anti-Ubiquitin
(1:1,000)° 4= 3 f it & F B> 4C F & 16 ) FF o 53 — ik o0 TNT
¥mr ik 3= &=t 10 mine & ¥ & {7 = %4k (secondary antibody}s & &
oo I F G 4 % R g TNT fR9R > &t g o bl4e™
HRP-conjugated goat anti-rabbit IgG antibody (10R)0~ HRP-conjugated goat
anti-mouse 1gG antibody (1:2,000HRP-conjugated donkey anti-goat 1gG antibody
(1:1,000). c a2 & F B> 3R #ELE 1 ) pBF > &fg o TNT Bfrg e 3

= o &=t 10448 -

4. ECL & ¢

H 4% PVDF membrane} % &g tep ksl 0 393 4o i B e0F i
(Western Lightning” Western Blot Chemiluminescence ReageAt £ B & #3 i%
FRARE) F R 2 2481 > BF RO TR RSH > membrane} » @ £

(cassette)? » T # g ¥ < [ X kK P (Fujifilm) &7 ¥ 3 pF > Pz
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8 R 5o~ B (developer)® E 3|V AB R o rUKERSE KT

o

g Bk (fixer) 3 K,%#\_P}:& PR 0 B RIER X R R P ARE SR S * o

W R KR R -

$I8 FEERERE

1. %k*FdH

MABEAF T miek L% 8hro & 24 wells platep £~ 12 mm cover
glasss & 4 » 12 Trypsin 2> T 5 10 1% + 4w » 12 0.5 mL DMEM» 254

& 10 () FF o R Ao~ de P ERRSE o0 F ostarvation 3¢ FErz E o o Ae s s BT

-

7
2. AT

o EIE e PO U g% 18 e e 2 1 i e PBS (S00pL) et A = S 0 4e
500puL 3.7% paraformaldehydéd] T _w? = -+ & 45 o £ 4c » 500 uL 0.1 % Triton
X-100 ** 4 % milk (milk % 12 PBS fi)>blocking 16 -] > 4c » 50puL 1* antibody
16 | p54C o £ 12 PBS == » &=L 2 dho 4 » 2%antibody 385 & 1
e L0 PBS ez & 0 & S A4 o foslide FJF 2L mounting gel (or 5%
glycerol)> #- cover glass&! 45 & 3c3| glycerol * > » % 1 kimwipe #3#:# % %

b Kdp T o eI 6 TV RE
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S|
s
ot
*
i

*=

F- & IR AR % AGS wre iRt pisd 2

-~ da PR E 4R Eﬁ)@; A 18 fm Pz oA fy P

AT R e PP AR E i R IR w0 F R AR PSR AR A ook
oo JU R e i B e RS FOR B 6 X T WUk e chimre F H F
#7142 & (cytoskeleton rearrangementyn?z 2 £ (cell elongation) m*e B £fg 8 > o
m R ILP A Tk gk (hummingbird phenotype): T %4k | (scattering
phenotype) % 4] i [91, 92] -

WEANFT K > 0E 2 N S (Olympus IX70) k LR % % Ry
¢ (AGS) % rzds P iR 4% F R 2 v ) (multiplicity of infection, M.O.I) 100& %
1 ) pisanimre A5 > #F R g AR £ m ROkt 5 Rk (Fig. 1) & 3

R e PR R 6 H Y MUR L L e pRiE 7 sk B o

S AP RCERE EE R RS R ) A e B 8

COX-2 et &
fedh ey ged 4g 9 COX-2 12 AT 54 4 PGR Vit § Bt 5783
2 % 1 (Ubiquitination) *% i< » 5 35 F R0 > Flt FEE wre ¢ o
FEREMH AT A r G2 gugq Do PR R4 AT R AGS 4 i COX-2

[74]» 122 fds PP Uy Feng 4T 0§ R L iR Y 2 3R R G L 2

Th

% [90] » Fpt At it - e R0 AT AR R F T 0 ST
%Jﬁﬁlﬁ?\’lf%@ﬁfé% Fﬁﬁl+ﬁgpﬂ},§,\4‘lvmi‘§ﬁ‘5t’ 'Qﬂ—\r]n“p'
Ptk Fh e COX2 2 X3R4 > a3 F e 7 2H 4 ?

Flpt e mF %Y 0 A N AGS ot AL M.O.| 100 s PR dE - ] B s =
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JpES T PEZ BRER R B Fig. 2 B %P o AR IR A U AT SR AR 4 -
TR e d 5E et ARG PR (Fig. 2AC)e BF AP - H i fF o
£33 COX-2 tnt Au # g hiad b2l > 510t > 649 %7 ki AGS
‘e g2 M.O.1 100 s U 3% 5 4% - | p% ~ = ] P& ~ 7 - pF (Fig. 2A, B)° @
Fig. 2 7 L3 > &t M.O.l 100 ehds f* i 5 f% ﬁ@i LA E —Jﬁ g
COX-2 iz REE T HF - LFLZ 3F AL COX-2 2 RELF &G OpFFgLT
Ao RO T AP AP AR R R ARG EF AR
Kp COX-20 7 i Ak b s i endl BT S # W55 4 oD
AME A o FP L0 (- Hend COX2 HuE R i AP LR A

2 COX-2 237 % b % o

»

%
2N

$- 8 COX-2 235322 R

- . COX2 5oy — COX-2ent A& g g4t 2
® 0 8- hpil COX-2 31333 F ah 55 o 1 g au PR Ff i ondd

BREHNGE IR ORLE LA PFIHES TR L AGS med < §

FH e
W E AAF%? (Fig. 3) AP % d ¥k Fv (Enhanced green fluorescent
protein, EGFP)i & #& 4 (transfection) § 2 crdp e » & FH g & » e
Poxrs COX-2 4 2 @ &e i Fig.3 ¢ »20 v g d » @4 EGFP &
AGS ‘m% & AR % du 81548 7 0 TP AGS e 3 7 A COX-2» # £ % &

¥ preni % 0 COX-2 43 FAmepti o g COX-2 thim® » B} +

|
o

~
B COX-2 enfiaj; o &2 » gL COX-2 @ « £ 2 COX-2¢ AGS ‘m¥ ¥ >

HUEY M F R asE pwe? i EREL EGFP A & £ 3 COX-2 ¢ AGS ‘m

"

“m\L

e FH MG o N E COX2 BEAV R FEREAN > R 3EF LweY ]
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(i
)=
&S

Z.COX2 ¢uEZadir— COX-2 cht 2 iR i@ 5% i i
(Ubiquitination) j »
@ e prdg M[77] 0 F A ALd 3t COX-2 F rLif g E R il R 1 i
o REFEAT b RS A kR kY %0 b AGS M
AR AR COX-2 o i e fePgh COX-2 22 AGS Mm@ = o] pF > jf4 5
UM 7 MG-132: & ¥ proteasomesia Bk frd] » (L% i chdo FR 7 € 44°%F
f20 @ NPT LEGE R e B A E 1 Rl e B #m e 3 1350 RIPA buffer
YUgE R R R AL Tk e Bk 0 £ L3 (ubiquitin) 2 g A d S kR BRR
¢ %‘%J‘ME?&@%% iZF& (L enlFas e
& Fig. 4A @ » A P¥ g o ika af@d COX-2 h AGS Mm@ >

BERMEREF A ORE A ARA RO R Y 0 2 e g L (Fig.

"lh

4B)’ g'—?frﬁ'% ﬁjgi_}ﬂ I YL Rl ;‘f TF R B o

FIpt AP E U S T8 et p] o e PR OB Y 4R F}hﬂ}?%ﬁ 4 e COX-2 %™ it

%

Ll SRREESC 2‘?&_!’ P> a P S8R 32 aui 2 v pmems b, ki@

lf“tﬂ

i

&S

Hieh g

= . COX-2 #3575 % e 32— COX-2 1 knock down iE_i# 7% 7% % &

Al
0L - H IR AENFIREE AR 2 0 AP IR A ELA RS
COX-2 g L 3 RT3 FH i WA LT h @ By ¥ 2N p P Fri RNAI
PR %z R 0 Ik COX-2 2 shRNA R (supplementary table.1): % A
R RIS 0 AP etk en#- ShRNA M 4 eh= Vi dmbe ¥ > T 4 fm P2 B
M.O.I 100 e F* 43 4% fF = o] 5 > BAF 0 0 303 F e UL B 0
e

COX-2 . MET" » Bl 5% bimve ¥ o



Flpt AR %Y o iR EGFP s 4 cndrdlie o 4§ 8 e ¥
»amre ? oo @ 4 EGFP ehim®z I & ¢ fofg 4 COX-2 2. ShRNA 1 AGS w2
- 42 M.O.1 100 e P o5 4% = | P> Tt % EGFP chime R % & B
¥ A2 M.O.1100 ehds 3% 55 4% = ] BFenfiin ™ » COX-2 “T#k i 4 e
A5 @ 4 COX-2 2 shRNA h AGS m# @ 2. COX-2 th# E Rl & 7 AJZ
M.O.1 100 s F* i3 %2 4% B = /) P ts » COX-2 &t ? e COX-2 ShRNA  knock
down & » fimfe ¥ A H L RehE (Fig.5)e & Fig.5 7 » AP¥ g Laii
COX-2:h shRNA 18 > & Skim e (40 A~ C) #hds I3 >g4% B3k 4 Mz COX-2

TR A b SR > BER A RES R TR

R KSR T A HT AP AU F A A R COX-2 s

TR ELT > SR A A RE AN I T AR

2. COX-2 #7375 % e 12— COX-2 thfrd| B¢ 5 75 & g b

20 8- HehrEin COX-2 fds P U3 4s Fang 4 7 43015 3 & 1P IR o0
AFrEd s AT R P HY o APRE T COX-2 9iuE #E 4 # Celecoxib
(CelebreR) » L% 83 fodo ' i35 4% Feng 47 o Fid drd] COX-2 e id s %%

%08 ¢ Fli @i COX-2 fExm > o

'SH

AT R AP RIRA PR AR TR E D 0 UG
b E - & AGS M ¢ dhrdlie > R ESZ M.O. 100 shds [P % e s e i
W g% MO 100 ehds P IR5eds 7 PR PE > 3R AR E il &
4 AGS ke & b EJ2 50uM 2 2 25uM « Celecoxily £ A %t £ a2 du
s Fe 0 fordZ 50 uM 12 2 25 UM 5 Celecoxib <17 AGS w7 i g2 M.O.I
100 chde P e de - (P R B ) B KBRS EFDELTF RS PORE &
% (Fig. 6) @ » 24 ¥ BLRID] > Ap 3T - A edZ M.O.1 100 s P 47 5 4% F <o

wPe ko e JZ Celecoxib < AGS 'z gl P 815 s F9134 Hih 3 8 & g 0 o
FEF R enARg > A H AS PR RGP R o
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BRA o 2 W ene L2 @G ik dpd) 0 COX-2 T i T LB S FE R L
Fite? N RREFEZFOEROFRC > B RE TEE T EH A Y
A A o B E R PRI Celecoxib e AGS w2 g2 MG-132 % #r )
proteasomes A fd » HE T RS 3B F 0 P F R A PR FT - e
FFEJ2 T 50uM 232 25uM 0 Celecoxibfr 5uM 51 MG-132¢8 » £ iz e lm
2 M.O.1 100 s PR 545 ] 0 BRI F % PF 2 AT 5 B0 R 0 kg o

Fig. 6 ¢ » AP m A3t eg2 50uM 122 25 uM = Celecoxib %

F_&

P P2 M.O.I 100 4 F® 4% %2 4% i AGSim¥e ¥ > g2 5uM 9 MG-132 £ »

P
SRR T EFDR G REDIR G c P COX-2 ¥ i b F s R

%= &  PGE;,(prostaglandin Ey) # #2352 % 1+ = 2 Bl

24
e

L7 - Hen j2 COX2 Hurid 2 0r ch= N s A 8 s
COX-2 7T #4543 PGB« A i & &rif COX-2 £.2 £41* PGR kit = %

FALA RS O FIN AT R PR APER AT B PCR # AR M 1% o

. PGE #3293 i-— PGB ¢ 35 % a0 b 2

P, AP LT 2 PGR & ik chl o 4 - #Heh 2 COX-2
AT A EE PCGR kA3 aild it c FIP AT o inf k¥ AP A B
Bd27 kR0 PGR 48 (| AP & vy 0 £ F AGS e ? i iE
3 RET AT FTHE@ALLNE T PCGR L EH LI L Aok

RREFEFEES X FP AAFHRY o AP R Y R LR T D 16,16-dimethyl

=
il

prostaglandin E2 (dMmPGE % & 7§ % > dmPGR i PGE 7 analog: # 3

% é;’%r‘ © AR & oinvivo £ invitro ¢ [77,93, 94 2R &% &% (Fig. 7)
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P APET ER . AL dMPGR kR A B A 1M, 2 uM 22 5 UM
PPomT g R AL S g o Tt PGR ity %80 COX-2 s i#

% i A7 o

= . PGE ### % it iy— PGR @it 375 % dulh it "

21 Lo Hen j5 PGB #HEER PR ORE s L LAY FaR 0 i

e 2 - p) 2 A
222 AR H AmeY 3

ek

B4 2 F > AP R R AGS g e
dMPGES5UM 48 | pF > 7 7 L3 s £ 1+ 2 m g (Fig8A): ¥
JeB-fme m A | BF o 4er 5 UM g1 MG-132 B proteasomesig tE o @ A
O B LRI D] 9 L 1 eI g 5 3 RIPA buffer 3 2wt o £ 003
FOORRM LRI SR B F 0 AR MG R BAS 2R % U
AR LF PR, o & Fig. 8B/¢ » W 1ug A EF il F i A R

z ]} E‘f’jtl‘%—q

NN
o

A

Flt AT w0 g LA 5 COX-2 g dd AT %ha 3 PGR # 5
BROEF R TR R e 3R F DR A A P AT oA AL
Fd FE COX-2 ent = o a i B F Rk o @ chl H e o &0 & T3 §1 o

ek il

g
5]
N
B
-
¥g
.ﬁ(
e
|
&,
-#
f-h-
44"
eﬁw
W
(w
P
i3

BEABRGETT Pl FEE R R LG e ks e S e AP

PR ERenE d o FULAPRE L - 0T R FiER ha IR FY
TR d d o B F Aok AP BRSO ERFRmE A kb d oa AR
ALY > LN G EE b A Rl o BT ARRER DG F e
w[95] 1 % B AN P VR AR Fer i Es o a R LG iR

HawmrehH i 3 0 E 3E R et TR 4 A B B i d X
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.E' plf—_‘?)*"(‘:“ g%}pﬂﬁ’ l:f'/\:ﬂ'% ‘m”eﬁ\:‘m ]“J-v Hbﬁ*l'*[96],ml__§.}ﬁ<P ,

'%%T&ﬁ&ﬁiﬁﬁwgﬁ%@w@i’%af%%mm PR T I

WHiEERZRBE ey PlER @R RE S A= > Fa v E R R ES
R e F 0 F AT A PR AR A R e B gy

00 R PR FAERY gLl oL A ERDLF o

S PR RE FOOR A ERGE AR e
- B fRA P AR A AR e ? R g AR
LA KBRS FOEE o d FREE (Fg 9) ¢ T UER - KR
AGS Mm%z ¢ » e 2 A G amie P d o BB 2R T B L6 *%’“’ﬁiﬁm
GEE G A E PR e = enflpepE o AR FQ F e A R et L 5 F A
L it— % %t AGS ‘m#e AT M.O.l 100 ¢ F* 4% % g i » LRl T3 753 L3 ¢
T g UL R FE AGS e A2 ok Tl 3R e £ E e
k= inr s 20 Fig O W I S A AL M.O.1 100 ede P AR =

PRs PIT BTG R R GRS B e PP B 0D m e FeniEa) o @ E FASE MO

100 #hds F* 4% 5 4% 7+ | E&é’m?—ﬁ LA NniEE R we P H L me
A o d AT e e PR e R R R e Y g o A

EH BT N B A A PRG B RiTRmEES hr i o

$I8 AP R AR R EIEAL 2 S v R ARE
TR AT OFHRY BAAPIER T COX-2 12 AT pESs S PGR &

P 4 PR B

o ERHARRAET 0 KA AP e s A s R AT

T
B FEEARE YA hE @ AT R vt Q5 R S T R
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A F)F > AP Ingenuity Pathways Analysis (IPAf— 348 B 2 & 47 44 ® 47
AR EE o R RS R A E A o

=

-
] 31‘5 r

CERE A 5 (Fig.10) dRlds AR EE B AR 2% P A e s o ©
g gd EiY Akt e 50 s i glycogen synthase kinase 3 beta (GBK3 2 %
Ser9:hiz§ & 3 BApkis - @ 7 GSKP 44 #iL > &a & 8 B-catenin ¥ &

mrefr? x B R # A 4 CyclinDl 2 55 % o
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X i@

F-8 f&2EdH®

- . e R AR aEE *

AR ETiE* o AGS cellliner 2 & £ %] 5 H e e p53 A Fl& R E B 41T
o F s e s FI AL S 8 £ R TGP s PP AR R4S R R e e fR 0 T ik
fak : da PURERE FR 2 A A F oiid] s e > AGS 2 e I F chimie v i
mF AR AHA L AFRY 0 AGS M AMNBEE G R 0 Al
F it Amied > e8I 2 g aflaEadi FIMFHRT RS, ERE
FenA A Pl EERE {BRTEF DT MRS A N o § P ®h
6}1%[98]% #* GES1 ek M <m”s?1=%n—\,|_ Fenh L mre > e g H A4
(immortalized) 14 < F % ® chiziE & oF B E -

A e R ORERE A 0 AR S A DR O F R R AR
RBP4 4718 eh GC3» Bk FE® § b B* LB T ¢ PR ¥ FR(GY)
40 26695 & J99 H 9] riF R R E SV AL E A

= Jfﬂ—gpﬂ’fﬁﬂ—dfﬁ Rk = AL 1B %mpﬂ’fj"\
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Figure 1. The effectiveness dfl. ponH infltéctidn of AGS cells using an M.O.1. of
100.Phase-contrast micrographs of non-infected AGB delft) or AGS cells
infected withH. pylori for 1 hour (right). AfteH. pylori were added to the cultured
cells at an M.O.l. of 100, AGS cells were inducedhte hummingbird phenotypes.

The optical images were obtained by Olympic IX70-fipprescence microscope.
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Figure 2. The effect ofH. pylori infection on COX-2 and survivin expression(A)
AGS cells were incubated witH. pylori at an M.O.l. of 100 at 37 °C for the indicated
times. After incubation, cell lysates were analybgdlricine SDS-PAGE (16.5 % gels),
followed by Western blot analyses using an antidsur antibody and anti-COX-2
antibody.The loading control i§-Actin, which is a 42-kDa protein expressed in AGS
cells. Results are representative of three indegr@rekperiments. (B)(C) Quantification
of COX-2 and survivin was performed by densitomeiata are means S.E. of
values from three experiments, with an n = 3 pgeerent. Statistical significance: *,

p < 0.05.
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Figure 3. Over-expression of cyclooxygenase-2 (COX-promotes survivin levels
increase. (A) AGS cells were transfected with EGFP or COXiR upg. After
transfecting with cyclooxygenase-2 (COX-2) @, AGS cells overexpressed survivin.
The transfection control is AGS! cells transfectedhwEGFP (enhanced green
fluorescent protein) 1Qg. Cell lysates were analyzed by Tricine SDS-PAG&ER %
gels), followed by Western blot analyses using-&@iX-2, and anti-survivin antibodies.
The loading control if3-Actin, which is a 42-kDa protein expressed in AGEIs.
Results are representative of three independeneriexents. (B) Quantification of
survivin was performed by densitometry. Data aremset S.E. of values from three

experiments, with an n = 3 per experiment. Staassignificance: *, p < 0.05.
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Figure 4. Over-expression of cyclooxygenase-2 (COX- decreases the
ubiquitination of survivin. (A) AGS cells were transfected with EGFP or COX2
ug. After transfecting with cyclooxygenase-2 (COX1®)ug, AGS cells overexpressed
survivin. The transfection control is AGS cells nséected with EGFP (enhanced
fluorescent protein) 1Qug. The loading control i8-Actin, which is a 42-kDa protein
expressed in AGS cells. (B) Survivin was immunopmigted from AGS cells, which
transfected with EGFP or COX-2 1y, using anti-survivin antibodies. Cell lysates
were analyzed by Tricine SDS-PAGE (16.5 % geld)owed by Western blot analyses
using an anti-ubiquitin antibody. Ubiquitination sxirvivin is significantly decreased in
AGS cells, which were transfected COX-2., Results eepresentatives of three

independent experiments.

71



EGFPA B C D E

cox-2

Survivin

[-actin

Figure 5. Survivin levels are decreased after COX-Bepression by shRNA knock
down. AGS cells were transfected with COX-2 shRNA (shatrpin RNA) or EGFP.
AGS cells were then incubated with pylori at an M.O.l. of 100 at 37 °C for 3 hours.
Cell lysates were analyzed by Tricine SDS-PAGE 6. gels), followed by Western
blot analyses using anti-COX-2 and anti-survivirti@dies.Expression of survivin
decreased in some AGS cells “A”, “C”, which werarsfected with COX-2 shRNA.
The labels “A™—"E” represents 5 different sequences of shRNA ofX&D The
transfection control and the thepylori infection control is AGS cells transfected with
EGFP (enhanced fluorescent protein) PAGS cells. The loading control BActin,

which is a 42-kDa protein expressed in AGS cells.
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Figure 6. Survivin levels are decreased after COX-2nhibition by Celecoxib.
COX-2-mediated regulation of survivin is mediated ly decreasing proteasomal
degradation. The immunoblots of survivin levels aftét. pylori infection for 2 hours,
respectively. The results showed that the expressicurvivin afteH. pylori infection
has decreased because of the addition of Celecsblective inhibitor of COX-2. The
addition of 5uM proteasome inhibitor, MG-132, prevents such deseeof survivin.
AGS cells were incubated with. pylori at an M.O.l. of 100 at 37C for the indicated
time. Cell lysates were analyzed by Tricine SDS-EA@G6.5 % gels), followed by
Western blot analyses using an anti-survivin amlyodResults are representative of
three independent experiments. The loading congr@-Actin, which is a 42-kDa

protein expressed in AGS cells. Cx0/25/50, celdz@®5/50uM; MG5, MG132 5uM.
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Figure 7. PGE, promotes increase of survivin levels in AGS cell§A) AGS cells
were incubated with dmPGB.5,1,2, and pig/mL for 48 hours. Cell lysates were then
analyzed by Tricine SDS-PAGE (16.5 % gels), folldvby Western blot analyses using
anti-survivin antibody. The loading control [&Actin, which is a 42-kDa protein
expressed in AGS cells. Results are representafitteee independent experiments. (B)
Quantification of survivin was performed by densitdry. Data are means + S.E. of

values from triplicate experiments, with an n =8 pxperiment. Statistical significance:

* p < 0.05,
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Figure 8. PGE promotes survivin /levels by decreasing the ubiquitiation of
survivin. (A) AGS cells were incubated with dmP&E pg/mL for 48 hours. Cell
lysates were then analyzed by Tricine SDS-PAGES(%6.gels), followed by Western
blot analyses using anti-survivin antibody. Thediog control is-Actin, which is a
42-kDa protein expressed in AGS cells. Resultsepeesentative of three independent
experiments. (B) Survivin was immunoprecipitateahirAGS cells, using anti-survivin
antibodies. Cell lysates were then analyzed byifgicSDS-PAGE (16.5 % gels),
followed by Western blot analyses using anti-uldiquantibodies. Ubiquitination of
survivin is significantly decreased in AGS celldyigh were incubated with dmPGE

pug/mL for 48 hours. Results are representative i@&etlindependent experiments.
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Figure 9. H. pylori induced survivin translocalization from nucleus tocytoplasm.
Cellular distribution of survivin (red) in AGS csllwas detected by fluorescence
microscope. Cells were incubated with pylori at M.O.l. of 100 at 37C for the
indicated time. Survivin located in nucleus in tbentrol group (upper). However,
survivin translocated from nucleus to cytoplasmdgiieé and bottom) after incubation
with H. pylori for 3 hours. After incubation, the cells were fixavith 3.7 %
paraformaldehyde at room temperature, treated @itBo Triton X-100, and blocked
with 4 % milk. The fixed cells were subjected tonmmnostaining using anti-survivin
monoclonal antibodies as primary antibodies. Afteatment with the primary
antibodies, cells were incubated with the secondaty-rabbit antibodies conjugated
with Alexa Fluor 546 and DAPI for 1 hour, and. Daee representative of three

experiments.
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Figure 11. Hypothetical model of survivin over-expession through B—catenin
accumulation and COX-2 over-expressiQm H. pylori infection.
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Supplement Table 1.

TRC
Cloneld Knock Down | Symbol | Oligo Sequence quuence
o Alignment
Efficiency
Forward(F):
gc?oiggg 28% pTasy | CCBGCCAGGGCTCAAACATGATGTTCTCGA | 100%
. GAACATCATGTTTGAGCCCTGGTTTTTG | Reverse(R):
100%
Forward(F):
gc?oiggg . pTasy | CCGGCGTTGTGAATAACATTCCCTTCTCGA | 100%
p GAAGGGAATGTTATTCACAACGTTTTTG | Reverse(R):
100%
—_— Forward(F):
0004553 83% PTGss | CCGGGCTGAATTTAACACCCTCTATCTCGA 100%
3 GATAGAGGGTGTTAAATTCAGCTTTTTG | Reverse(R):
100%
Forward(F):
TRCNOO 100%
0004553 3% pTGsy | CCGGGCAGATGAAATACCAGTCTTTCTCGA
N GAAAGACTGGTATTTCATCTGCTTTTTG | Reverse(R):
100%
Forward(F):
TRCNOO 100%
Pl — pTGss | CCGGCCATTCTCCTTGAAAGGACTTCTCGA
& GAAGTCCTTTCAAGGAGAATGGTTTTTG | Reverse(R):
100%

Sequence of COX-2 shRNA purchased from National RGiére Facility, Academia
Sinica.
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